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Abstract 

Automated visual inspection of printed wiring is providing research opportunities in completely 

automated optical systems technology. This paper addresses device design considerations, 

particularly the important problem of turning an optical inspection device into a tool for 

manufacturing process analysis and control. 
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1. Introduction 
There is now an industry in the automated optical inspection of printed wiring boards. or what used 

to be called printed circuit boards. This industry is composed of research groups studying the basic 

principles of automated optical inspection, corporate groups developing devices for in-house 

evaluation, and, most significantly, corporate groups developing devices for commercial exploitation. 

This paper provides a "state of the art" look into the future of printed wiring board inspection. The 

commercial forces are compelling, and tend to exhaust available technologies. Fortunately, these 

same forces are providing an opportunity for gains in basic research. 

A few years ago, the dominant work in inspection was done by in-house corporate projects, with 

more projects completed than publicized. Many, if not most, of the larger corporations doing 

electronics packaging manufacture have experimented with the technology. One in-house device, 

built in 1978 by Warren Sterling for Xerox (Figure 1-1) used an X-Y translation table to move the 

printed wiring panel beneath a line-scan camera and a Xerox Alfo as the central processor and 

control element [ l ,  21. Although it proved slow, this device represented one of the mcrst technically 

successful of the 'software' approaches to inspection. A similar device using a modern variant on the 

Alto, a Perq Systems' PERQ, and bound only by a 2-4 million/second camera pixel rate was 

developed in our laboratory for Westinghouse Electric Corporation (Figure 1-2). Also of importance 

are 'hardware' approaches. Interesting ones were pioneered by Ejiri for in-house use at Hitachi [3]. 
Ejiri and his coworkers developed the now classic 'expansion-contraction' technique that assumes 

defects exist in a high, first-order spatial-frequency domain (viz., patterns that are small relative to the 

acceptable patterns). These projects once serviced internal company needs and have now dwindled, 

with most in-house projects leaning towards commercialization. 

The research community has been involved in studying pattern recognition on printed wiring for 

many years [4, 5, 61. Taken together with the in-house projects, many workable solutions to the 

problem of defect detection have been proposed. In fact, the problems of defect detection have been 

solved many times for the generic printed wiring board pattern such as the one illustrated in Figure 

1-3. General methods that handle the great variety in actually observed patterns or that meet the most 

stringent requirements on inspection remain a research topic. However, the current research issue is 

not how to detect defects in printed wiring boards, but how to automatically interpret the defects. 

Later we will consider paradigms for advanced defect detection and interpretation, but first let us 

better understand why there is such a commercial interest in the automated optical inspection of 

printed wiring. 
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Figure 1 - 1 : The Xerox Inspection Device, circa 1978 

Figure 1-2: The CMU- Westinghouse Inspection Device, circa 1982 



1 

1. Introduction 
There is now an industry in the aulomated optical inspection of printed wiring boards. or what used 

to be called printed circuit boards. This industry is composed of research groups studying the basic 

principles of automated optical inspection, corporate groups developing devices for in-house 

evaluation, and, most significantly, corporate groups developing devices for commercial exploitation. 

This paper provides a "state of the art" look into the future of printed wiring board inspection. The 

commercial forces are compelling, and tend to exhaust available technologies. Fortunately, these 

same forces are providing an opportunity for gains in basic research. 

A few years ago, the dominant work in inspection was done by in-house corporate projects, with 

more projects completed than publicized. Many, i f  not most, of the larger corporations doing 

electronics packaging manufacture have experimented with the technology. One in-house device, 

built in 1978 by Warren Sterling for Xerox (Figure 1-1) used an X-Y translation table to move the 

printed wiring panel beneath a line-scan camera and a Xerox Alto as the central processor and 

control element [ l ,  21. Although it proved slow, this device represented one of the mcjst technically 

successful of the 'software' approaches to inspection. A similar device using a modern variant on the 

Alto, a Perq Systems' PERQ, and bound only by a 2-4 million/second camera pixel rate was 

developed in our laboratory for Westinghouse Electric Corporation (Figure 1-2). Also of importance 

are 'hardware' approaches. Interesting ones were pioneered by Ejiri for in-house use at Hitachi [3]. 

Ejiri and his coworkers developed the now classic 'expansion-contraction' technique that assumes 

defects exist in a high, first-order spatial-frequency domain (viz., patterns that are small relative to the 

acceptable patterns). These projects once serviced internal company needs and have now dwindled, 

with most in-house projects leaning towards commercialization. 

The research community has been involved in studying pattern recognition on printed wiring for 
many years [4, 5, 61. Taken together with the in-house projects, many workable solutions to the 

problem of defect detection have been proposed. In fact, the problems of defect detection have been 

solved many times for the generic printed wiring board pattern such as the one illustrated in Figure 

1-3. General methods that handle the great variety in actually observed patterns or that meet the most 

stringent requirements on inspection remain a research topic. However, the current research issue is 

not how to detect defects in printed wiring boards, but how to automatically interpret the defects. 

Later we will consider paradigms for advanced defect detection and interpretation, but first let us 

better understand why there is such a commercial interest in the automated optical inspection of 

printed wiring. 



2 

Figure 1 - 1 : The Xerox Inspection Device, circa 1978 

Figure 1-2: The CMU-Westinghouse Inspection Device, circa 1982 

.." . 



1 

1. Introduction 
There is now an industry in the aulomated optical inspection of printed wiring boards. or what used 

to be called printed circuit boards. This industry is composed of research groups studying the basic 

principles of automated optical inspection, corporate groups developing devices for in-house 

evaluation, and, most significantly, corporate groups developing devices for commercial exploitation. 

This paper provides a "state of the art" look into the future of printed wiring board inspection. The 

commercial forces are compelling, and tend to exhaust available technologies. Fortunately, these 

same forces are providing an opportunity for gains in basic research. 

A few years ago, the dominant work in inspection was done by in-house corporate projects, with 

more projects completed than publicized. Many, i f  not most, of the larger corporations doing 

electronics packaging manufacture have experimented with the technology. One in-house device, 

built in 1978 by Warren Sterling for Xerox (Figure 1-1) used an X-Y translation table to move the 

printed wiring panel beneath a line-scan camera and a Xerox Alto as the central processor and 

control element [ l ,  21. Although it proved slow, this device represented one of the mcrst technically 

successful of the 'software' approaches to inspection. A similar device using a modern variant on the 

Alto, a Perq Systems' PERQ, and bound only by a 2-4 million/second camera pixel rate was 

developed in our laboratory for Westinghouse Electric Corporation (Figure 1-2). Also of importance 

are 'hardware' approaches. Interesting ones were pioneered by Ejiri for in-house use at Hitachi [3]. 

Ejiri and his coworkers developed the now classic 'expansion-contraction' technique that assumes 

defects exist in a high, first-order spatial-frequency domain (viz., patterns that are small relative to the 

acceptable patterns). These projects once serviced internal company needs and have now dwindled, 

with most in-house projects leaning towards commercialization. 

The research community has been involved in studying pattern recognition on printed wiring for 

many years [4, 5, 61. Taken together with the in-house projects, many workable solutions to the 

problem of defect detection have been proposed. In fact, the problems of defect detection have been 

solved many times for the generic printed wiring board pattern such as the one illustrated in Figure 

1-3. General methods that handle the great variety in actually observed patterns or that meet the most 

stringent requirements on inspection remain a research topic. However, the current research issue is 

not how to detect defects in printed wiring boards, but how to automatically interpret the defects. 

Later we will consider paradigms for advanced defect detection and interpretation, but first let us 

better understand why there is such a commercial interest in the automated optical inspection of 

printed wiring. 



2 

Figure 1 - 1 : The Xerox Inspection Device, circa 1978 

Figure 1-2: The CMU-Westinghouse Inspection Device, circa 1982 



1 

I .  Introduction 
There is now an industry in the automated optical inspection of printed wiring boards. or what used 

to be called printed circuit boards. This industry is composed of research groups studying the basic 

principles of automated optical inspection, corporate groups developing devices for in-house 

evaluation, and, most significantly, corporate groups developing devices for commercial exploitation. 

This paper provides a "state of the art" look into the future of printed wiring board inspection. The 

commercial forces are compelling, and tend to exhaust available technologies. Fortunately, these 

same forces are providing an opportunity for gains in basic research. 

A few years ago, the dominant work in inspection was done by in-house corporate projects, with 

more projects completed than publicized. Many, if not most, of the larger corporations doing 

electronics packaging manufacture have experimented with the technology. One in-house device, 

built in 1978 by Warren Sterling for Xerox (Figure 1-1) used an X-Y translation table to move the 

printed wiring panel beneath a line-scan camera and a Xerox Alto as the central processor and 

control element 11, 21. Although it proved slow, this device represented one of the mcrst technically 

successful of the 'software' approaches to inspection. A similar device using a modern variant on the 

Alto, a Perq Systems' PERQ, and bound only by a 2-4 millionlsecond camera pixel rate was 

developed in our laboratory for Westinghouse Electric Corporation (Figure 1-2). Also of importance 

are 'hardware' approaches. Interesting ones were pioneered by Ejiri for in-house use at Hitachi [3]. 

Ejiri and his coworkers developed the now classic 'expansion-contraction' technique that assumes 

defects exist in a high, first-order spatial-frequency domain (viz., patterns that are small relative to the 

acceptable patterns). These projects once serviced internal company needs and have now dwindled, 

with most in-house projects leaning towards commercialization. 

The research community has been involved in studying pattern recognition on printed wiring for 

many years [4, 5, 61. Taken together with the in-house projects, many workable solutions to the 

problem of defect detection have been proposed. In fact, the problems of defect detection have been 

solved many times for the generic printed wiring board pattern such as the one illustrated in Figure 

1-3. General methods that handle the great variety in actually observed patterns or that meet the most 

stringent requirements on inspection remain a research topic. However, the current research issue is 

not how to detect defects in printed wiring boards, but how to automatically interpret the defects. 

Later we will consider paradigms for advanced defect detection and interpretation, but first let us 

better understand why there is such a commercial interest in the automated optical inspection of 

printed wiring. 



2 

Figure 1 - 1 : The Xerox Inspection Device, circa 1978 

Figure 1-2: The CMU-Westinghouse Inspection Device, circa 1982 



6 

1 

1. Introduction 
There is now an industry in the aulomated optical inspection of printed wiring boards. or what used 

to be called printed circuit boards. This industry is composed of research groups studying the basic 

principles of automated optical inspection, corporate groups developing devices for in-house 

evaluation, and, most significantly, corporate groups developing devices for commercial exploitation. 

This paper provides a "state of the art" look into the future of printed wiring board inspection. The 

commercial forces are compelling, and tend to exhaust available technologies. Fortunately, these 

same forces are providing an opportunity for gains in basic research. 

A few years ago, the dominant work in inspection was done by in-house corporate projects, with 

more projects completed than publicized. Many, if not most, of the larger corporations doing 

electronics packaging manufacture have experimented with the technology. One in-house device, 

built in 1978 by Warren Sterling for Xerox (Figure 1-1) used an X-Y translation table to move the 

printed wiring panel beneath a line-scan camera and a Xerox Alto as the central processor and 

control element [ l ,  21. Although it proved slow, this device represented one of the mcrst technically 

successful of the 'software' approaches to inspection. A similar device using a modern variant on the 

Alto, a Perq Systems' PERQ, and bound only by a 2-4 million/second camera pixel rate was 

developed in our laboratory for Westing house Electric Corporation (Figure 1-2). Also of importance 

are 'hardware' approaches. Interesting ones were pioneered by Ejiri for in-house use at Hitachi [3]. 

Ejiri and his coworkers developed the now classic 'expansion-contraction' technique that assumes 

defects exist in a high, first-order spatial-frequency domain (viz., patterns that are small relative to the 

acceptable patterns). These projects once serviced internal company needs and have now dwindled, 

with most in-house projects leaning towards commercialization. 

The research community has been involved in studying pattern recognition on printed wiring for 

many years [4, 5, 61. Taken together with the in-house projects, many workable solutions to the 

problem of defect detection have been proposed. In fact, the problems of defect detection have been 

solved many times for the generic printed wiring board pattern such as the one illustrated in Figure 

1-3. General methods that handle the great variety in actually observed patterns or that meet the most 

stringent requirements on inspection remain a research topic. However, the current research issue is 

not how to detect defects in printed wiring boards, but how to automatically interpret the defects. 

Later we will consider paradigms for advanced defect detection and interpretation, but first let us 

better understand why there is such a commercial interest in the automated optical inspection of 

printed wiring. 





f 

1 

1. Introduction 
There is now an industry in the automated optical inspection of printed wiring boards. or what used 

to be called printed circuit boards. This industry is composed of research groups studying the basic 

principles of automated optical inspection, corporate groups developing devices for in-house 

evaluation, and, most significantly, corporate groups developing devices for commercial exploitation. 

This paper provides a "state of the art" look into the future of printed wiring board inspection. The 

commercial forces are compelling, and tend to exhaust available technologies. Fortunately, these 

same forces are providing an opportunity for gains in basic research. 

A few years ago, the dominant work in inspection was done by in-house corporate projects, with 

more projects completed than publicized. Many, i f  not most, of the larger corporations doing 

electronics packaging manufacture have experimented with the technology. One in-house device, 

built in 1978 by Warren Sterling for Xerox (Figure 1-1) used an X-Y translation table to move the 

printed wiring panel beneath a line-scan camera and a Xerox Alto as the central processor and 

control element [ l ,  21. Although it proved slow, this device represented one of the mcjst technically 

successful of the 'software' approaches to inspection. A similar device using a modern variant on the 

Alto, a Perq Systems' PERQ, and bound only by a 2-4 million/second camera pixel rate was 

developed in our laboratory for Westinghouse Electric Corporation (Figure 1-2). Also of importance 

are 'hardware' approaches. Interesting ones were pioneered by Ejiri for in-house use at Hitachi [3]. 

Ejiri and his coworkers developed the now classic 'expansion-contraction' technique that assumes 

defects exist in a high, first-order spatial-frequency domain (viz., patterns that are small relative to the 

acceptable patterns). These projects once serviced internal company needs and have now dwindled, 

with most in-house projects leaning towards commercialization. 

The research community has been involved in studying pattern recognition on printed wiring for 

many years [4, 5, 61. Taken together with the in-house projects, many workable solutions to the 

problem of defect detection have been proposed. In fact, the problems of defect detection have been 

solved many times for the generic printed wiring board pattern such as the one illustrated in Figure 

1-3. General methods that handle the great variety in actually observed patterns or that meet the most 

stringent requirements on inspection remain a research topic. However, the current research issue is 

not how to detect defects in printed wiring boards, but how to automatically interpret the defects. 

Later we will consider paradigms for advanced defect detection and interpretation, but first let us 

better understand why there is such a commercial interest in the automated optical inspection of 
printed wiring. 



2 

Figure 1 - 1 : The Xerox Inspection Device, circa 1978 

Figure 1-2: The CMU-Westinghouse Inspection Device, circa 1982 



1 

1. Introduction 
There is now an industry in the automated optical inspection of printed wiring boards. or what used 

to be called printed circuit boards. This industry is composed of research groups studying the basic 

principles of automated optical inspection, corporate groups developing devices for in-house 

evaluation, and, most significantly, corporate groups developing devices for commercial exploitation. 

This paper provides a "state of the art" look into the future of printed wiring board inspection. The 

commercial forces are compelling, and tend to exhaust available technologies. Fortunately, these 

same forces are providing an opportunity for gains in basic research. 

A few years ago, the dominant work in inspection was done by in-house corporate projects, with 

more projects completed than publicized. Many, if not most, of the larger corporations doing 

electronics packaging manufacture have experimented with the technology. One in-house device, 

built in 1978 by Warren Sterling for Xerox (Figure 1-1) used an X-Y translation table to move the 

printed wiring panel beneath a line-scan camera and a Xerox Alto as the central processor and 

control element [ l ,  21. Although it proved slow, this device represented one of the mcrst technically 

successful of the 'software' approaches to inspection. A similar device using a modern variant on the 

Alto, a Perq Systems' PERQ, and bound only by a 2-4 million/second camera pixel rate was 

developed in our laboratory for Westinghouse Electric Corporation (Figure 1-2). Also of importance 

are 'hardware' approaches. Interesting ones were pioneered by Ejiri for in-house use at Hitachi [3]. 

Ejiri and his coworkers developed the now classic 'expansion-contraction' technique that assumes 

defects exist in a high, first-order spatial-frequency domain (viz., patterns that are small relative to the 

acceptable patterns). These projects once serviced internal company needs and have now dwindled, 

with most in-house projects leaning towards commercialization. 

The research community has been involved in studying pattern recognition on printed wiring for 

many years [4, 5, 61. Taken together with the in-house projects, many workable solutions to the 

problem of defect detection have been proposed. In fact, the problems of defect detection have been 

solved many times for the generic printed wiring board pattern such as the one illustrated in Figure 

1-3. General methods that handle the great variety in actually observed patterns or that meet the most 

stringent requirements on inspection remain a research topic. However, the current research issue is 

not how to detect defects in printed wiring boards, but how to automatically interpret the defects. 

Later we will consider paradigms for advanced defect detection and interpretation, but first let us 

better understand why there is such a commercial interest in the automated optical inspection of 

printed wiring. 



2 

Figure 1-1: The Xerox Inspection Device, circa 1978 

Figure 1-2: The CMU-Westinghouse Inspection Device, circa 1982 



1 

1. Introduction 
There is now an industry in the automated optical inspection of printed wiring boards. or what used 

to be called printed circuit boards. This industry is composed of research groups studying the basic 

principles of automated optical inspection, corporate groups developing devices for in- house 

evaluation, and, most significantly, corporate groups developing devices for commercial exploitation. 

This paper provides a "state of the art" look into the future of printed wiring board inspection. The 

commercial forces are compelling, and tend to exhaust available technologies. Fortunately, these 

same forces are providing an opportunity for gains in basic research. 

A few years ago, the dominant work in inspection was done by in-house corporate projects, with 

more projects completed than publicized. Many, if not most, of the larger corporations doing 

electronics packaging manufacture have experimented with the technology. One in-house device, 

built in 1978 by Warren Sterling for Xerox (Figure 1-1) used an X-Y translation table to move the 

printed wiring panel beneath a line-scan camera and a Xerox Alto as the central processor and 

control element [ l ,  21. Although it proved slow, this device represented one of the mcjst technically 

successful of the 'software' approaches to inspection. A similar device using a modern variant on the 

Alto, a Perq Systems' PERQ, and bound only by a 2-4 million/second camera pixel rate was 

developed in our laboratory for Westinghouse Electric Corporation (Figure 1-2). Also of importance 

are 'hardware' approaches. Interesting ones were pioneered by Ejiri for in-house use at Hitachi [3]. 

Ejiri and his coworkers developed the now classic 'expansion-contraction' technique that assumes 

defects exist in a high, first-order spatial-frequency domain (viz., patterns that are small relative to the 

acceptable patterns). These projects once serviced internal company needs and have now dwindled, 

with most in-house projects leaning towards commercialization. 

The research community has been involved in studying pattern recognition on printed wiring for 

many years [4, 5, 61. Taken together with the in-house projects, many workable solutions to the 

problem of defect detection have been proposed. In fact, the problems of defect detection have been 

solved many times for the generic printed wiring board pattern such as the one illustrated in Figure 

1-3. General methods that handle the great variety in actually observed patterns or that meet the most 

stringent requirements on inspection remain a research topic. However, the current research issue is 

not how to detect defects in printed wiring boards, but how to automatically interpret the defects. 

Later we will consider paradigms for advanced defect detection and interpretation, but first let us 

better understand why there is such a commercial interest in the automated optical inspection of 

printed wiring. 



2 

Figure 1 - 1 : The Xerox Inspection Device, circa 1978 

Figure 1-2: The CMU-Westinghouse Inspection Device, circa 1982 



1 

1. Introduction 
There is now an industry in the automated optical inspection of printed wiring boards. or what used 

to be called printed circuit boards. This industry is composed of research groups studying the basic 

principles of automated optical inspection, corporate groups developing devices for in-house 

evaluation, and, most significantly, corporate groups developing devices for commercial exploitation. 

This paper provides a "state of the art" look into the future of printed wiring board inspection. The 

commercial forces are compelling, and tend to exhaust available technologies. Fortunately, these 

same forces are providing an opportunity for gains in basic research. 

A few years ago, the dominant work in inspection was done by in-house corporate projects, with 

more projects completed than publicized. Many, if not most, of the larger corporations doing 

electronics packaging manufacture have experimented with the technology. One in-house device, 

built in 1978 by Warren Sterling for Xerox (Figure 1-1) used an X-Y translation table to move the 

printed wiring panel beneath a line-scan camera and a Xerox Alto as the central processor and 

control element [ l ,  21. Although it proved slow, this device represented one of the mcrst technically 

successful of the 'software' approaches to inspection. A similar device using a modern variant on the 

Alto, a Perq Systems' PERQ, and bound only by a 2-4 million/second camera pixel rate was 

developed in our laboratory for Westing house Electric Corporation (Figure 1-2). Also of importance 

are 'hardware' approaches. Interesting ones were pioneered by Ejiri for in-house use at Hitachi [3]. 

Ejiri and his coworkers developed the now classic 'expansion-contraction' technique that assumes 

defects exist in a high, first-order spatial-frequency domain (viz., patterns that are small relative to the 

acceptable patterns). These projects once serviced internal company needs and have now dwindled, 

with most in-house projects leaning towards commercialization. 

The research community has been involved in studying pattern recognition on printed wiring for 

many years [4, 5, 6). Taken together with the in-house projects, many workable solutions to the 

problem of defect detection have been proposed. In fact, the problems of defect detection have been 

solved many times for the generic printed wiring board pattern such as the one illustrated in Figure 

1-3. General methods that handle the great variety in actually observed patterns or that meet the most 

stringent requirements on inspection remain a research topic. However, the current research issue is 

not how to detect defects in printed wiring boards, but how to automatically interpret the defects. 

Later we will consider paradigms for advanced defect detection and interpretation, but first let us 

better understand why there is such a commercial interest in the automated optical inspection of 

printed wiring. 



2 

Figure 1 - 1 : The Xerox Inspection Device, circa 1978 

Figure 1-2: The CMU-Westinghouse Inspection Device, circa 1982 



1 

1. Introduction 
There is now an industry in the automated optical inspection of printed wiring boards. or what used 

to be called printed circuit boards. This industry is composed of research groups studying the basic 

principles of automated optical inspection, corporate groups developing devices for in-house 

evaluation, and, most significantly, corporate groups developing devices for commercial exploitation. 

This paper provides a "state of the art" look into the future of printed wiring board inspection. The 

commercial forces are compelling, and tend to exhaust available technologies. Fortunately, these 

same forces are providing an opportunity for gains in basic research. 

A few years ago, the dominant work in inspection was done by in-house corporate projects, with 

more projects completed than publicized. Many, if not most, of the larger corporations doing 

electronics packaging manufacture have experimented with the technology. One in-house device, 

built in 1978 by Warren Sterling for Xerox (Figure 1-1) used an X-Y translation table to move the 

printed wiring panel beneath a line-scan camera and a Xerox Alto as the central processor and 

control element [ l ,  21. Although it proved slow, this device represented one of the mcrst technically 

successful of the 'software' approaches to inspection. A similar device using a modern variant on the 

Alfo, a Perq Systems' PERQ, and bound only by a 2-4 million/second camera pixel rate was 

developed in our laboratory for Westinghouse Electric Corporation (Figure 1-2). Also of importance 

are 'hardware' approaches. Interesting ones were pioneered by Ejiri for in-house use at Hitachi [3]. 

Ejiri and his coworkers developed the now classic 'expansion-contraction' technique that assumes 

defects exist in a high, first-order spatial-frequency domain (viz., patterns that are small relative to the 

acceptable patterns). These projects once serviced internal company needs and have now dwindled, 

with most in-house projects leaning towards commercialization. 

The research community has been involved in studying pattern recognition on printed wiring for 

many years [4, 5, 61. Taken together with the in-house projects, many workable solutions to the 

problem of defect detection have been proposed. In fact, the problems of defect detection have been 

solved many times for the generic printed wiring board pattern such as the one illustrated in Figure 

1-3. General methods that handle the great variety in actually observed patterns or that meet the most 

stringent requirements on inspection remain a research topic. However, the current research issue is 

not how to detect defects in printed wiring boards, but how to automatically interpret the defects. 

Later we will consider paradigms for advanced defect detection and interpretation, but first let us 

better understand why there is such a commercial interest in the automated optical inspection of 

printed wiring. 



2 

Figure 1 - 1 : The Xerox Inspection Device, circa 1978 

Figure 1-2: The CMU-Westinghouse Inspection Device, circa 1982 



1 

1. Introduction 
There is now an industry in the automated optical inspection of printed wiring boards. or what used 

to be called printed circuit boards. This industry is composed of research groups studying the basic 

principles of automated optical inspection, corporate groups developing devices for in-house 

evaluation, and, most significantly, corporate groups developing devices for commercial exploitation. 

This paper provides a "state of the art" look into the future of printed wiring board inspection. The 

commercial forces are compelling, and tend to exhaust available technologies. Fortunately, these 

same forces are providing an opportunity for gains in basic research. 

A few years ago, the dominant work in inspection was done by in-house corporate projects, with 

more projects completed than publicized. Many, if not most, of the larger corporations doing 

electronics packaging manufacture have experimented with the technology. One in-house device, 

built in 1978 by Warren Sterling for Xerox (Figure 1 - 1 )  used an X-Y translation table to move the 

printed wiring panel beneath a line-scan camera and a Xerox Alto as the central processor and 

control element [ l ,  21. Although it proved slow, this device represented one of the most technically 

successful of the 'software' approaches to inspection. A similar device using a modern variant on the 

Alto, a Perq Systems' PERQ, and bound only by a 2-4 million/second camera pixel rate was 

developed in our laboratory for Westinghouse Electric Corporation (Figure 1-2). Also of importance 

are 'hardware' approaches. Interesting ones were pioneered by Ejiri for in-house use at Hitachi [3]. 

Ejiri and his coworkers developed the now classic 'expansion-contraction' technique that assumes 

defects exist in a high, first-order spatial-frequency domain (viz., patterns that are small relative to the 

acceptable patterns). These projects once serviced internal company needs and have now dwindled, 

with most in-house projects leaning towards commercialization. 

The research community has been involved in studying pattern recognition on printed wiring for 

many years [4, 5, 61. Taken together with the in-house projects, many workable solutions to the 

problem of defect detection have been proposed. In fact, the problems of defect detection have been 

solved many times for the generic printed wiring board pattern such as the one illustrated in Figure 

1-3. General methods that handle the great variety in actually observed patterns or that meet the most 

stringent requirements on inspection remain a research topic. However, the current research issue is 

not how to detect defects in printed wiring boards, but how to automatically interpret the defects. 

Later we will consider paradigms for advanced defect detection and interpretation, but first let us 

better understand why there is such a commercial interest in the automated optical inspection of 

printed wiring. 



2 

Figure 1 - 1 : The Xerox Inspection Device, circa 1978 

Figure 1-2: The CMU-Westinghouse Inspection Device, circa 1982 



i 

1 

1. Introduction 
There is now an industry in the automated optical inspection of printed wiring boards. or what used 

to be called printed circuit boards. This industry is composed of research groups studying the basic 

principles of automated optical inspection, corporate groups developing devices for in-house 

evaluation, and, most significantly, corporate groups developing devices for commercial exploitation. 

This paper provides a "state of the art" look into the future of printed wiring board inspection. The 

commercial forces are compelling, and tend to exhaust available technologies. Fortunately, these 

same forces are providing an opportunity for gains in basic research. 

A few years ago, the dominant work in inspection was done by in-house corporate projects, with 

more projects completed than publicized. Many, if not most, of the larger corporations doing 

electronics packaging manufacture have experimented with the technology. One in-house device, 

built in 1978 by Warren Sterling for Xerox (Figure 1-1) used an X-Y translation table to move the 

printed wiring panel beneath a line-scan camera and a Xerox Alto as the central processor and 

control element [ l ,  21. Although it proved slow, this device represented one of the mcrst technically 

successful of the 'software' approaches to inspection. A similar device using a modern variant on the 

Alto, a Perq Systems' PERQ, and bound only by a 2-4 million/second camera pixel rate was 

developed in our laboratory for Westinghouse Electric Corporation (Figure 1-2). Also of importance 

are 'hardware' approaches. Interesting ones were pioneered by Ejiri for in-house use at Hitachi [3]. 

Ejiri and his coworkers developed the now classic 'expansion-contraction' technique that assumes 

defects exist in a high, first-order spatial-frequency domain (viz., patterns that are small relative to the 

acceptable patterns). These projects once serviced internal company needs and have now dwindled, 

with most in-house projects leaning towards commercialization. 

The research community has been involved in studying pattern recognition on printed wiring for 

many years [4, 5, 61. Taken together with the in-house projects, many workable solutions to the 

problem of defect detection have been proposed. In fact, the problems of defect detection have been 

solved many times for the generic printed wiring board pattern such as the one illustrated in Figure 

1-3. General methods that handle the great variety in actually observed patterns or that meet the most 

stringent requirements on inspection remain a research topic. However, the current research issue is 

not how to detect defects in printed wiring boards, but how to automatically interpret the defects. 

Later we will consider paradigms for advanced defect detection and interpretation, but first let us 

better understand why there is such a commercial interest in the automated optical inspection of 

printed wiring. 
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