An Image Based Pad Parameters Measurement Method for Printed Circuit Board
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ABSTRACT: An accurate pad parameters measurement method for printed circuit board (PCB) is proposed in this paper.
Firstly, the measured pad is selected by drawing a circle around it, then the processing image is de-noised and segmentation.
After that, the teardrop in connected area of the pad and line is excluded. Secondly, all the possible edge points around the pad
are detected by Sobel operator and Zernike moment is used for localization of the edge points on a sub-pixel level. Finally, the
detected circle edge of the pad is fitted by a least-square algorithm and the pad diameter and center position are derived.
Experimental results reveal that the proposed method is precise, quick and stable, and it has already been applied in our self-
developed “automatic optical measurement instrument (AOM1.1)”’system.
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1. Introduction

With the development of electronic technique, electronic products are growing popularly. Printed circuit boards (PCB) has been
widely used in the modern electronics industry. Current miniature integrated circuit (IC) puts forward higher requirements to the
production of PCB, such as intensive line width and multiple layer board design. Generally, a multilayer PCB consists of several
single-layer PCBs. Even one slight mistake of each layer of PCB will result in the failure of the whole board. Therefore, the accurate
pad parameters measurement is a very important step for PCB productions design. In the past, pad parameters were usally
measured by the means of hundredfold mirror and common second element techniques. However, the hundredfold mirror method
depends on the experience of experts and has low efficiency. With respect to the common second element method, it is hardly
worked due to the inconvenient operation.

Image measurement based on the machine vision[1] is a new measurement technology developed in recent years. This new
technology has the characteristics of high precision and lossless, which has been widely used in various fields such as indus-
try™, agriculture®, medicineand others[4]. So far, the literature about PCB pad measurement is relatively few and most of them are
on a pixel level. In this article, we introduce a new approach for measuring the parameters of pad based on image measurement
technology, and develop the PCB measuring system, which is highly efficient and accurate.

2. Structure of the Hardware System

Our self-developed system for measuring the pad parameters includes a two-dimensional mobile platform, CCD camera, annular
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illumination device, image acquisition card and PC computer. It is shown in Fig.1. In this system, the resolution ratio of the
standard video camera is 768*576, the lens magnification rate is 40X to 220X, and the video capture card’ model is OK-C20A.
When measuring pad parameters, the PCB is fixed to the movable platform firstly. Then the lighting device is adjusted carefully,
so that light spread onto the test area evenly. After this step, the colorful PCB to be measured is projected to CCD. Finally, video
capture card converts the analog signal into digital video and shows it on computer screen.

"

Figure 1. The self-developed “Automatic optical measuring instrument (AOM1.1)” system

3. Description of Measuring Method

The main steps of the measurement method can be summarized as follows: (1) Image preprocessing for image denoising. (2)
Removing teardrop around the pad. (3) Detecting pad edge and removing abnormal points. (4) Locating the edge points on the
sub-pixel level and fitting the circle around the pad. (5) Calibrating the system and calculating the actual parameters of the pad.

3.1 Image Preprocessing

Image preprocessing is an important step to improve the accuracy of measurement. Firstly, the measurement area is selected by
drawing a circle around the pad, as shown in Fig.2. After that, two steps are followed: image denoising and segmentation. In this
article, we choose the median filter for eliminating noise, the reason is that median filter can preserve the edge information well
when remove noise. We transform the corlorful measuring image into a gray image by gray-scale transformation. And then Otsul®
lagorithm is applied to separate the foreground from background with a threshold t*.

3.2 Remove the Teardrop around the Pad

To improve the stability of welding circuit, teardrop is often added into the connected region of pad and line within a PCB. In
practice, the teardrops must be removed before measuring pad, as it will affect the pad fitting accuracy. In this work, we dislodge
teardrops based on the principle that the brightness of background is less than that of the pad. The details are depicted as
following steps:

Step 1: First, we choose a point on the circle as starting point. If the brightness of the start point is greater than t*, it indicates the
point will be on the connected area, and goto step2; otherwise, goto step3.

Step 2: Starting from the initial point, we scan the circle with every 1- in clockwise and counterclockwise direction respectively. In
this way, the two connection points A and B will be obtained, as shown in Figure.2, and goto step4.

Step 3: In this step, we scan the circle from the starting point at the same interval of angle in the clockwise direction. If the
brightness value of scanning point is greater than t*, a connection point will be found and denoted as A. And then, another point
B will be found in the same way.

Step 4: According to the characteristic of tears, points A and B are moved to C and D at an angle. In this work, the angle is 25°.
Then the area COD will be removed as the teardrop.
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Figure 2. The sketch map of teardrop area

3.3 Edge Detection

In this section, Sobel operator is used to detect the pad edge points, as is shown in Figure.3. Sobel operator is known to be
insensitive to noise and it has relatively small mask than other algorithms®l. The details about Sobel operator can be seen in [9].
Then, we search the edge point set based on scanning in the polar coordinate. And the main process is as follows:

Firstly, Starting from point D, we taking a point every 5° on the circle and searching to the direction of point O. If the pixel value
of the point is 255, it will be the edge point. As the red points shown in Figure. 4. In the same way, all the edge points will be
searched.

Secondly, Least squares circle fitting method (see subsection 3.4) is used to obtain the center coordinates of the pad circle. The
process is depicted in Figure.5.

Finally, The distance from each edge point to the center is calculated and they are sorted in descending order. The first third of the
distance and the last third of the distance will be removed as the abnormal points.

Figure 4. The result of searching edge point set
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3.4 The Principle of Least Squares Fitting Method
Let the center coordinate be (a, b), radius is R, and the equation of a circle is:
(x—a)’+(y-b)’=R? ()

The basic principle of least squares circle fitting is to find a circle so that the square sum of error F between edge points set (x;
-y) (i =1,2,...n) is minimized!,

n 2 g
F=)[(x~ay +(y,~b) -R'T @
i=0
To facilitate the computation, we convert formula (2) is to formula (3).

F = i [(1‘3 +y] +ux, +vy, + w)]z 3)
i=0

where u=-2a,v=-2b,w=a® +b* — R*. The parameters u, v, w can be calculated under the extreme conditions of multivariate
functions. And the parameters a, b, R of the fitting circle can be obtained according the following formula.

(4)

Figure 5. The demonstration diagram of edge circle fitting

3.5 Sub-pixel Localization Based On Zernike Moment
To enhance measurement precision, we convert the original edge points into sub-pixel points by means of Zernike moment

operator®®l, which can locate the edge points with sub-pixel accuracy. The detail formula can be written as:

X | _[x| N |cosg
Lﬂ]{y} 2 LLM ©)
[m[All]:| L= A”D

where ¢ =tan”’ {Re[/{ ] A__- , N is the size of the Zernike moments template. In this work,
1 1
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we set N to 7. L is the distance from the center to the edge. X, ,  J, are the abscissa and ordinate of the edge points on sub-pixel
level. Here, x | Vare the horizontal and vertical axis respectively. A_ is the Zernike moment of a point, A’ is the Zernike

rotational moment, 4 = A ¢ /™ ¢ is the angle between the x-axis and the vertical, which is from the center to edge.

nm nm

Im[A, ;] | Re[A,,]are the imaginary partand real part of A ,.

3.6 System Calibration and Pad Parameters Measurement
After previous steps, we will obtain the precise edge points around the pad. To get the edge circle of the pad, we fit the sub-pixel
edge points using the well-known least square fitting method. Then, the standard optical scale? is used to calibrate the system.
Next, we determine the proportion between the pad image and actual pad target by the following formula.

L

=N ®)

where L is a known length of the standard optical scale, N is the number of pixels in the image corresponding to L, and the unit

of neighbor pixels is in mm level. Experiments show that the actual length of the object to be measured and the corresponding
pixels satisfy the following linear relationship:

L=kN+b )

where b is systematic error in the process of measurement. k and b can be determined by calibrating the system twice, thereby
eliminate the systematic error.

The parameters of the circle around the pad can be calculated by formula (4) first, then we substitute them into the formula (7)
to get the actual center and the diameter (unit: mm) of a pad.
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Figure 6. The interface of measuring system

4. Experiments and Results Analysis

4.1 Measurement Experiment

In order to verify the effectiveness and stability of the above method, Visual Studio2005 is applied to implement the measurement
method. This method has been equipped into the “automatic optical measuring instrument AOM1.1” software system. The
system interface is shown in Figure.6. When the use of AOM1.1 system, puts PCB on the two-dimensional movable platform
first, and then set the camera magnification, adjust the camera focal length to get a clear video image of the PCB, and capture the
image for measuring. The measurement results of a pad (the pad is shown in Fig.5) are listed in table 1. The average run-time of
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the proposed method is 0.104s. As shown in table 1, the standard deviation of pad parameter is relatively small after 10 time
measurements; it demonstrates that the measurement system has high accuracy and good stabilit.

Frequency The center abscissa | The center ordinate Diameter
1 0.214288 0430579 0.2234
2 0.214231 0.430796 0.2223
3 0.214299 0431156 0.2232
4 0.214727 0430818 0.2230
5 0.214310 0430413 0.2225
6 0.214141 0.430965 0.2231
7 0.214378 0431123 0.2224
8 0.214727 0430931 0.2227
9 0.214107 0430841 0.2231
10 0.214772 0.430931 0.2229
Mean 0.214398 0.430570 0.2228
Standard deviation 0.000251 0.000228 0.00036

Table 1. Measurement result unit: mm

4.2 Error Analysis

The measurement error of this system is mainly produced by the geometric distortion of the imaging system, image noise and
imprecise location to the edge of the pad. Distortion of the imaging system is a typical system error, caused by a lens aberration,
CCD pixel errors, and perspective errors.

In this work, optical lens with low distortion is used in the system to reduce the error caused by the imaging distortion. In addition,
we calibrate the system with standard optical scale, it is not only unnecessary to calculate the internal and external parameters of
the camera, but also can offset most of the errors from imaging aberration. The measurement results obtained under V36 lens
with 4.5 X optical zoom. The system is calibrated twice with formula (7) and figure out that k = 0. 00112676, b = 0. 001126962,

5. Conclusions

This paper presents a method based on image for measuring the pad parameters of PCB. In this method, the median filter is used
to remove image noise, least square fitting is used to remove the abnormal points of the pad and scanning method used to remove
the teardrop. In the end, in order to improve the measurement accuracy of the pad parameters, we locate the point set to the sub-
pixel level. The test results reveal that the method has high-accuracy and stability. Moreover, the proposed method is easy to
operate and the pad measurement system has been used in the real-world PCB industrial production.
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