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Abstract. Among X-ray cross-sectional imaging methods, digital tomosynthe-
sis (DT) is very useful to PCB inspection because it can obtain a cross-sectional 
image of a local inspection area quickly. The image intensifier, which is usually 
used in DT systems, distorts X-ray images in shape and intensity. Therefore, 
image distortion correction is one of the most important issues in realizing a DT 
system. This paper presents an image distortion correction method to acquire an 
arbitrary cross-sectional image of an object by using a distance ratio function in 
an X-ray DT system. The method uses a simplified distortion model made by a 
distance ratio function in intensity correction, and by the 2D point mapping 
polynomials in shape correction. 

1   Introduction 

X-ray technology has been widely used in many industrial applications for inspecting 
inner defects which can hardly be found by normal vision systems. PCB solder joint 
inspection such as ball grid array (BGA) or flip chip array (FCA) is one of the 
applications that require such an X-ray inspection system[1,2]. An X-ray cross-
sectional image can be obtained from two or more images projected from different 
directions by the methods such as tomography, laminography, or digital 
tomosynthesis. 

Tomography has been mainly used in medical area, but recently it is being applied 
in industrial fields such as precision inspection of casting products[3]. Laminography 
was originated by Bocage[4]. Its principle comes from the geometric focusing effect 
by a synchronized motion between an X-ray source and a detector, which is shown in 
Fig. 1. Digital tomosynthesis is a digital version of laminography, where a set of 
images of different views are stored and synthesized through computational 
operations in a computer[5]. It is one of the most useful X-ray cross-sectional imaging 
methods for PCB inspection because it can obtain a cross-section of a local inspection 
area quickly. Thus it has been often applied to PCB solder joint inspection[5-8]. 
However, the shape and the intensity of the X-ray images obtained by DT are 
distorted because of the image intensifier used in DT systems. This distortion breaks 
the correspondences between those images and prevents us from acquiring accurate 
cross-sectional images. Therefore, image distortion correction is one of the most 
important issues in realizing a DT system. 
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Fig. 1. The principle of Laminography and Digital Tomosynthesis 

In this paper, an image distortion correction method for an X-ray DT system is 
presented. The method uses a simplified distortion model that is built by uniformly 
spaced grids and their distorted images. The intensity distortion model is based on the 
distance ratio function between two grids, and the shape distortion model is based on 
the two-dimensional point mapping polynomials. Also this paper performs a series of 
experiments to acquire PCB solder joint images by the presented correction method. 

2   System Configuration and Image Distortion 

Fig. 2(a) shows a configuration of the developed X-ray DT system, which is 
composed of a scanning X-ray tube, an image intensifier, a view selector and a zoom 
camera. An image intensifier with a large input screen is used as an X-ray detector so 
as to get all images projected at various directions. The area of interest of a PCB is 
projected on a circular trajectory on the image intensifier as the X-ray is steered on 
the trajectory, and eight or more images are sequentially acquired by the zoom camera 
through a view selector. A galvanometer or a rotating prism can be used as a view 
selector. The captured images are saved in the digital memory of a computer, and then 
synthesized to generate a cross-sectional image. 

The curved image input surface of the intensifier, however, distorts both of the 
shape and the intensity of the X-ray images. Fig. 2(b) shows eight distorted images of 
an uniformly spaced grid pattern projected onto the image intensifier according to the 
steered X-ray source location. It is shown that the images are distorted more severely 
in the peripheral area than the central area. It is not possible to get an accurate cross-
sectional image from these distorted images, since the correspondences between the 
images are not maintained anymore. 
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Fig. 2. The configuration of an X-ray Digital Tomosynthesis system 

3   Intensity Distortion Correction by Using a Distance Ratio  
     Function 

The central area of the image intensifier is brighter than the peripheral area, since the 
incident angle of the X-ray to the curved input surface of the intensifier varies with 
the incident locations. In each projected image, therefore, intensity is the highest in 
the vicinity of the image intensifier center and gets lower toward the peripheral area. 
To compensate for the distorted intensity and make it uniform over the image, the 
distorted intensity should be scaled on the same level with an intensity value, for 
example, the maximum intensity level of the image. In order to do it, intensities are 
sampled over the image area and the distribution is modeled numerically. 

The distorted intensity ),( jidΦ  at a point ),( ji  of an image can be corrected to the 

compensated intensity ),( jicΦ  by dividing by the distance ratio function )( dLf  for 

the point, as given in Eq. (1). 

)(/),(),( ddc Lfjiji Φ=Φ . (1) 

3
3

2
210)( dddd LcLcLccLf +++= . (2) 

22 )()(),( HHd jjiijiL −+−=  (3) 

where ),( jiLd
 is defined as the distance from the highlight point ),( HH jiH =  to the 

point ),( ji . The distance ratio function )( dLf  has a value decreasing with 
dL  

between 0 and 1, thus plays a role of correcting an intensity 
dΦ  to 

cΦ . To build the 

ratio function )( dLf , 10 intensity values are sampled from the 10 small areas on the 

path from the point H to the point L, as shown in the Fig. 3. The coefficients of the 
polynomial )( dLf  can be determined by least square method. 
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Fig. 3.  Distorted intensity profile for a distance ratio function 

4   Shape Distortion Correction by Using a Simplified Polynomial  
     Model 

The shape distortion can be corrected by finding a mapping relationship between the 
uniformly spacing grid image and its distorted image. Thus, a point ),( ji in the 

original undistorted image is mapped to a point ),( yx  in the distorted image by the 

mapping relation, as shown in Fig. 4. As the sample data for distortion modeling, this 
paper used the data sets which consist of the uniformly spaced grid points of 11*11. 
There are two features in the shape distortion. One is that the distorted images are 
always symmetric with the projection center-line of the x-ray. Another one is that the 
peripheral area of the image intensifier is more elongated than the central area. Based 
on the two features, the mapping relationship can be modeled and represented by the 
following equations. 

)(}),(){(),( 2 jPxjixjjiy kckk +−= α . (4) 
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A distorted line, which is a distortion of an original horizontal line, is modeled by 
using a 2nd order polynomial as shown in Eq. (4). On the other hand, the x coordinate 
values ),( jixk

 of the distorted line are modeled as shown in Eq. (5). The parameters 

)( jPk
, )( jkα , )( jkβ  are functions of j, and they are modeled by using 3rd order 

polynomials as shown in Eq. (6). The coefficients kk pp 30 ~ , kk aa 30 ~ , kk bb 30 ~  are 

determined by using least square fitting. 
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Fig. 4. Two-dimensional point mapping for shape distortion correction 

5   Experiments for PCB Solder Joint Image Acquisition 

A series of experiments to get the DT images of BGA was performed by using the X-
ray DT system shown in Fig. 2(a). In the acquired images shown in Fig. 5, the dark 
regions represent the cross-sections of the corresponding focal planes. The cross-
section at the middle of the lead ball has the maximum diameter. These DT images 
were acquired by integrating the 8 images taken from 8 different off-axis images. In 
each image of them, the intensity and shape distortion was corrected by using the 
correction method presented in above sections. These cross-sectional images provide 
a good cue or a unique solution to inspect the inner defects of the objects such as 
BGA or J-lead typed chips. 
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Fig. 5. X-ray DT images of BGA 

6   Conclusions 

In order to obtain an arbitrary cross-sectional image with high quality in an X-ray DT 
system, this paper presented a method to correct the distortion of image intensity and 
image shape. The method uses a simplified distortion model made by a distance ratio 
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function in intensity correction, and by the 2D point mapping polynomials in shape 
correction. And a series of experiments to get DT images of BGA was performed by 
using the presented correction method. The experimental results show that the 
presented correction method is effective in acquiring an arbitrary cross-sectional 
image of an object. 
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