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ABSTRACT 

This paper describes an image recognition system designed to inspect the standards quality of electronic assemblies. The 
essence of the present algorithm is the location of electronics components, at the input image, that disrupt the acceptance 
requirements for the manufacture of printed circuit board assemblies, which have been adopted by association 
connecting electronics industries. To this end, image processing modules, based on a nonlinear composite filter are 
employed with the objective to discriminate between the electronics components that meet the acceptance condition and 
those that are in defect condition. The proposed recognition system is based on nonlinear composite filter, which is 
obtained from a training set of reference images. Then, the optimal filter is used in a digital correlator, which results in a 
simple and robust inspection system. 
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1. INTRODUCTION

Measurement of quality standards during the process of manufacturing of electronic assemblies is highly important to the 
electronics industry in order to decrease costs and improve the finished product. Some examples of possible defects 
found in printed circuit board assembly, PCBA, are: the electronics components could be wrong mounted or wrong 
polarized. Actually, the electronics industry has many options to consider for designing the test strategies of the 
electronic assemblies, e.g., the automated optical inspection and X-ray automated inspection. Both techniques are used 
mainly to detect soldering anomalies, defective components, parts and components not available, misguided or poorly 
positioned components. We propose the use of digital correlation filter to complement these two techniques for 
evaluating the quality of finished products. Thus, proposed method could sort between PCBAs that meet the acceptance 
condition and those that not meet this condition. One of the greatest difficulties in achieving this goal lies in the number 
of different distortions that may simultaneously modify the under test image.  The electronics components present 
variations in scale, in-plane and out plane rotations (part of problem); also, similitude between different electronics 
components, and non-uniform illumination over the PCBA area; there are some examples of distortions that can affect 
recognition system.   

Automation of fabric inspection has been a topic of considerable research.  Optical systems are becoming an interesting 
tool for automated inspection system.  Since VanderLugth introduced the classic cross-correlation filter [1-4], several 
modifications have been proposed, e.g., composite filter to identified object on different background conditions, object 
partially occluded and other setting [5-7].  Only phase filter and inverse filter are also variants of the cross-correlation 
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filter, which have the characteristic of producing a narrow peak, in order to increase the discrimination ability of pattern 
recognition systems [8-11].  In applications that require the recognition of arbitrary shapes, as well as, the estimation of 
amount of translation, rotation, and scaling of the object in the image, several optical methods had been proposed 
through Mellin or Hough transform [12-16]. 

This paper describes a design of digital correlation filter recognition, which enables recognition and the location of 
electronics components, at the input image, that disrupt the acceptance requirements for the manufacture electronic 
assemblies. To this end, image processing modules, based on a nonlinear composite filter, NCF, are employed with the 
objective to discriminate between electronics components that meet the acceptance condition and those that are in defect 
condition. From the correlation plane, the recognition system could extract some key information and make an objective 
decision according to the information detected and the requirements of acceptance adopted by association connecting 
electronics industries [17].  

The purpose of the present paper is to study the NCFs and show their performance as tool to evaluate the quality 
standards of electronic assemblies. 

The rest of the paper is organized as follows.  Section 2 we define the main acceptance requirements of electronic 
assemblies. In section 3 we introduce the mathematical theory of nonlinear composite filter.  Section 4 describes the 
experimental carried out and results obtained.  Discussions and conclusions of our work are present in the last section. 

2. ACCEPTABILITY OF ELECTRONIC ASSEMBLIES

This section covers acceptability requirements for the fabrication of surface mount assemblies. Eligibility criteria are 
given in three levels: perfect condition, acceptable condition and defect condition. These conditions are specified for 
geometrical form of electronic components. 

2.1 Chip components with rectangular or square ends  
Figure 1 illustrates the condition that maintains the integrity and reliability of surface mount assembly of chips with 
square or rectangular ends. The mount is considered acceptable if the lateral displacement (A) is less than or equal to 
50% of the width (W), see Fig. 1 (a). Thus, it is considered a condition of defect if the lateral displacement (A) is greater 
than 50% of the width (W), see Fig. 1 (b). 

2.2 Integrated circuits with castellated terminations 
For surface mount assemblies of chips with castellated terminations, the acceptable condition is met when the maximum 
lateral displacement (A) is 50% of the width of castellated terminations (W).  On the other hand, is considered a defect 
when the maximum lateral displacement (A) exceeds 50% of the width W. Figure 2 illustrates an integrated circuit with 
castellated terminations and their parameters for determining the conditions of acceptability, which will maintain the 
integrity and reliability of this integrated circuit assembly.  

                                                  a)                                                                               b) 

Fig. 1 Chip components with rectangular or square ends.  
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Fig. 2 Integrated circuits with castellated terminations. 

2.3 Integrated circuits with flat ribbon, L, and gull wing leads 
The surface mount assembly of chips with terminations type flat ribbon, L and wing leads states that the acceptability 
criterion is met if: a) the maximum lateral displacement (A) is not greater than 25% of the width (W) or 0.5 mm [0.02 
inches.], the smallest dimension. Figure 3a illustrates schematic description of terminations type flat ribbon, L and wing 
leads. In Figure 3 (b) can be a chip on the defect condition because the maximum lateral displacement (A) is greater than 
50% of the width (W).  

2.4 Integrated circuits with round or flattened leads 
The surface mount assembly of chips with round or flattened leads states that the acceptability criterion is met when the 
maximum lateral displacement (A) is not greater than 50% of the width (W), both configurations are illustrated in Fig. 4. 
It is considered on defect condition when the maximum lateral displacement (A) is greater than 50% of the width or 50% 
of the diameter (W).  

2.4 Components with bottom thermal plane terminations 
Electronic devices with a packaged TO-220 type are commonly used in transistors, rectifier diodes, thyristors, etc. The 
TO-220 device commonly has three terminations; however, some are manufactured with two, four, five or seven 
terminations. A striking feature is his thermal plane termination, which is a base metal, used to mount it on a heat sink. In 
such devices are considered to meet acceptable condition when: thermal plane termination (A) side overhang is not 
greater than 25% of termination width, this condition is shown in Fig. 5. It is considered a defect condition if side 
overhang of thermal plane termination is greater than 25% of termination width.  

     
 
 
 
 
 
 
 
 
 
 
 
 
 
                        

a)                                                                                                          b) 
Fig. 3 Integrated circuits with terminations type flat ribbon, L, and gull wing leads. 
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Fig. 4 Integrated circuits with round or flattened 
leads.

Fig. 5 Components with terminations at lower heat. 

The criteria described above cannot cover all acceptability requirements and all electronic products. However, it covers 
the most common and which serve to illustrate the feasibility of using object recognition techniques to assess the quality 
of PCBAs. 

3. THEORY 

In this section, a detailed description of proposed recognition system is presented. The experiment setup used in the 
measurements can be divided into three phases: image acquisition, image processing, and classification, as shown in Fig 
6.  In the data acquisition phase, the image from the band conveyor is gathered through a CCD camera.  The digital 
image is then used as the input to the second phase, where the pattern recognition techniques are applicable.  The third 
phase is actually a classifier that is in the form of a set of decision.  Using this set of features, the electronic assemblies
may be classified according to quality standards established in the last section. 

Fig. 6 Conceptual representation of the pattern recognition system used to inspect the quality standards of electronic 
assemblies. 
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In the image processing stage, we used a nonlinear composite filter, which can be defined as a linear combination of non-
linear filters. This kind of filter is matched to the reference object and at the frequency domain; one can define a 
nonlinear filter as follows: 

                              (1) expH H j

where, H( ) is the Fourier transform of the reference object,  and are the module and the phase of H( ), j is 

imaginary number 1, and  is the parameter that defines the no  linearity of the filter.  When  is equal to unit, 
one have a classic filter and when it is equal to cero, we have an only phase filter.  For this way, the nonlinear filter 
works in the interval 10 . The value 0.1 for is considered the optimal value due to the filters show a better 
performance [2,18].   

In general, the information contained in a NCF consists of several views of the image to recognize under different 
situations, for example, different angles of rotation, different scales of the image, changes of illumination or under other 
distortions. Such filters take into account all "morphological" information, so to speak, of the object that we want to 
recognize within a given scene. Thus, the synthesis a composite filter from non-linear filter, mathematically, can be 
expressed as 

                             (2) 
1

exp
N

n n n n
n

H A H j

where n is a factor that allows the changes of scale in the frequency domain and An are the weights and whose values are 
chosen so that the correlation outputs corresponding to the training images will yield equivalent correlation peak values 
independent of size of these objects. Therefore, with appropriate values for these two parameters, one could adjust the 
filter sensitivity to be equal for all objects. Figure 7 illustrates the block diagram to synthesize a nonlinear composite 
filter. In particular, the composite filters (multi-object) have the ability to recognize several objects simultaneously; this 
approach enables the use of a single filter to recognize different objects instead of using a filter for each object that we 
wish to identify within a given scene. This concept is illustrated in Fig. 7, where the images to recognize are the letters E, 
F, Q, R and therefore, these are the training images to the synthesis of a multi-object NCF.  

Fig. 7 Synthesis of multi-object nonlinear composite filter.  
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4. RESULTS AND EXPERIMENTAL DISCUSSIONS 

The experimental setup consists of a monochrome CCD camera, Sony model XCD-SX910, whose resolution is 1280 × 
960 pixels square. The image from it is acquired by a Pentium IV PC via an imaging NI PCI-8252 broad. The 
illumination system consists of a circular lamp, which nearly produces homogeneous illumination over the area of the 
object under test. A uniform and calibrated illumination over the PCBA area is a necessary condition in order to prevent 
that light reflected by welding points saturated the CCD detectors. 

4.1 Filters compounds multi-object 
We designed a composite filter to identify simultaneously damaged parts and wrong positioned or oriented electronic 
components. In figure 8 illustrated the training images used to synthesis of a multi-object NCF. These images correspond 
to a pair of inductors of different sizes and two capacitors with square ends, one oriented 0 degrees and the other 90
degrees. In figure 8, we note that the objects have different sizes, so it was necessary to use different weights for the 
coefficients An into Eq. (2). To demonstrate the feasibility of the designed filter to identify electronic components, we 
apply the NCF to the images shown in Fig. 9. The first one corresponds to a printed circuit board assembly, where 
components to identify are in acceptable condition. The second image corresponds to a PCBA, where, we observe that 
three components are in defect condition, e.g., the two inductors are damaged and one capacitor is incorrect oriented. 
Figure 10 illustrated the correlation performance of NCF with each of these images. Note that in the case of PCBA 
shown in Fig. 9a, we observe at correlation plane four well-defined peaks, whose coordinates correspond to the position 
of the mass center of each electronic component into the PCBA image. In Fig. 10b we observe only one stronger peak at 
the correlation plane, which corresponds to the capacitor that is in the acceptance condition, considering PCBA shown in 
Fig. 10a as image under test. We have shown the feasibility of using nonlinear composite filters to identify 
simultaneously different electronic components (capacitors, resistors, inductors, etc.) into a PCBA image.  

4.2 Filters compounds invariant to changes in lighting  
We analyzed the performance and robustness of NCF to changes in the illumination, both spatially and temporary, i.e., 
the area of interest could not be uniformly illuminated or some illumination changes could be introduced from one scene 
to another. Figure 11 illustrates the three images used for the design of second NCF, corresponding to three electrolytic 
capacitors: two of them oriented along horizontal axis and the other oriented along vertical axis. The capacitors that are 
aligned with respect to horizontal axis show differences of contrast; this could be due to non uniform illumination over 
the whole area of interest. Figure 12 shows the image under test that is a PCBA. In figure 13, the result of using the three 
objects NCF on the image shown in Fig. 12. We note that the level of correlation is similar for each electronic 
component.  For the rest of the capacitors, whose polarization is different to that of the capacitors shown in Fig. 11, the 
response of NCF is zero.  

Fig. 8  A series of training images for synthesizing a NCF multi-object. 
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a)                                                                                b) 

Fig. 9. PCBAs under test: a) acceptance conditions and b) defect condition. 

(a)                                                                                                (b) 
Fig. 10. Correlation between NCF and PCBA shown in Fig. 9: a) acceptable condition, b) defect condition. 

Fig. 11 A series of training images for synthesizing a NCF invariant to rotation and illumination changes. 
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Fig. 12. PCBA under test. 

Note that in both cases (multi-objet or invariant to illumination NCF), we can set a threshold value for the correlation 
peak, above which the input can be treated as acceptance condition and bellow which the input can be treated as a defect 
condition. Also, the coordinates of each correlation peak can be used to estimate the location of mass center of the 
corresponding electronic component. 

5. DISCUSSIONS AND CONCLUSIONS 

In this paper we have reviewed the concept of nonlinear composite filters and the steps to design these type filters, which 
can be used to recognize simultaneously different objects into a given scene or identify identical objects but under non-
homogeneous background contrast environments, which could be due to non-uniform illumination conditions.  

In printed circuit boards, we analyzed the robustness of the non-linear composite filters to discriminate between 
electronic components on condition of acceptance and those on defect condition. We demonstrated that it is feasible to 
identify simultaneously multi-electronic components using a single nonlinear composite filter.  

in addition, the proper set of features can be extracted from the correlation plane, in order to determine if specifics 
electronic components have been assembled correctly or not. 
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