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WEB INSPECTION SYSTEM HAVING 
ENHANCED VIDEO SIGNAL 

PREPROCESSING 

RELATED APPLICATIONS 

This application relates to two co-pending applications 
assigned to the assignee of the present invention and ?led in 
the United States Patent and Trademark Office concurrently 
herewith, the ?rst of which is entitled “Automatic Dark 
Level Zeroing Circuit ForA CCD Camera”, Ser. No. 08/251, 
797, and the second of which is entitled “Automatic Pixel 
Balancing Circuit For A CCD Camera”, Ser. No. 08/250, 
820, both of which are incorporated by reference in the 
present application and a copy of each of which is attached 
hereto. 

FIELD OF THE INVENTION 

The present invention relates generally to vision inspec 
tion systems and, more particularly, to a web inspection 
system having enhanced video signal preprocessing capa 
bilities for a raw video signal generated by a charge coupled 
device (CCD) camera. 

BACKGROUND OF THE INVENTION 

Vision inspection systems are well known. Generally, 
vision inspection systems can be divided into two catego 
n'es, laser-based vision inspection systems which utilize a 
re?ected or coherent laser light source to scan an object 
being inspected, as shown for example in U.S. Pat. Nos. 
4,297,587 and 4,972,091, and camera-based vision inspec 
tion systems which utilize a suitable light source other than 
a laser light source to illuminate an object being inspected, 
as shown for example in U.S. Pat. Nos. 4,118,730 and 
4,559,603. The present invention is concerned only with 
camera-based vision inspection systems. 
The most prevalent type of camera used for camera-based 

vision inspection systems is a charge coupled device (CCD) 
camera. In a CCD camera, a charge coupled device is used 
as the mechanism to read out the values measured by a scan 
array of light sensors. There are two different kinds of CCD 
cameras that are typically used with CCD camera-based 
vision inspection systems: area scan cameras and line scan 
cameras. Although both types of CCD cameras use the same 
electronics to generate a video signal, the primary difference 
between area scan cameras and line scan cameras is that 
each type of camera produces a different type of video 
output signal. 

In both cases, the CCD camera produces a video output 
signal representative of the light received by the scan array 
of light sensors during a predetermined period of time 
referred to as the camera scan time. The video output signal 
from an area scan camera is a composite video signal that 
includes a front porch and back porch having encoded 
reference values, as well as a composite sync signal. The 
reference values are used to decode the information con 
tained between the front porch and back porch of the 
composite video signal. The sync signal is used to synchro 
nize a series of lines of composite video signals that will be 
combined together to represent the area being scanned. In 
contrast, the video output signal of a line scan camera has no 
composite sync signal because only a single line is being 
scanned, not an entire area. In addition, there are no front 
porch and back porch portions of the video output signal of 
a line scan camera, although the video output signal of a line 
scan camera does include a black reference value. 
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2 
The information portion of the video output signal gen 

erated by a CCD camera consists of a voltage signal referred 
to as the pedestal. During a ?rst portion of the camera scan 
time, light striking a photosite in the scan array will dis 
charge or decrease a reference charge level to which the 
photosite has been precharged. During a second portion of 
the camera scan time, the charge level remaining at the 
photosite is transferred out of the scan array using the 
charge-coupled device read out mechanism. As a result, the 
pedestal is the diiference between the reference charge level 
and the charge level that remains at the end of the ?rst 
portion of the camera scan time. These dilferences in charge 
levels are representative of differences in light received by 
dilferent photosites from different locations in the focal 
plane of the CCD camera. 

Camera-based vision inspection systems are very useful 
for detecting defects in objects, particularly in the surfaces 
of objects and defects contained in the base material such as 
dirt particles or holes by detecting and analyzing the devia 
tions in the video output signal as compared to an expected 
video output signal if the object had no defects. U.S. Pat. 
Nos. 4,403,294, 4,509,076 and 4,974,261, and European 
Patent Appl. 0 543 629 Al, all show defect detection systems 
that utilize an area scan camera to detect defects in the 
surface of a stationary object. U.S. Pat. Nos. 4,240,110, 
4,951,223 and 5,118,195 show vision inspection systems 
that utilize an area scan camera to detect defects in moving 
objects, particularly elongated strips or webs of material. 
Because the movement of the web relative to the camera 
allows a line scan camera to scan the entire web using only 
a successive series of line scans, and because the video 
output signal of a line scan camera is relatively simpler to 
analyze than the video output signal of an area scan camera, 
most web inspection systems utilize a line scan camera, 
rather than an area scan camera, as the mechanism to scan 
the moving web of material. Web inspection systems 
employing a line scan camera are shown, for example, in 
U.S. Pat. Nos. 4,724,481, 5,068,799, 5,132,791 and U.S. 
Pat. Re. No. 33,357. 
Most web inspection systems utilize some type of digital 

signal processing techniques to analyze and detect defects in 
the video output signal. Typically, a video output signal from 
a CCD camera is supplied to an analog-to-digital (AID) 
converter so as to generate a stream of digital bits represen 
tative of the video image of the web of material moving past 
the CCD camera. The use of digital signal processing to 
analyze and detect defects has made web inspection systems 
more adaptable to a wider variety of web inspection prob 
lems and, in most cases, has increased the accuracy of the 
web inspection process. 

Prior to supplying the video output signal to the A/D 
converter, it is helpful to ?lter the raw video output signal 
using a preprocessing circuit. Preprocessing circuits are used 
to enhance the effectiveness of the A/D converter by ?ltering 
the raw video output signal to produce a ?ltered video output 
signal. In most cases, the preprocessing circuitry will 
remove a large DC bias offset that is part of the raw video 
signal and will combine separate video streams from the odd 
and even photosites in the scan array into a single ?ltered 
video signal. In many instances, preprocessing is performed 
internal to the CCD camera such that the raw video signal 
from the scan array is not even available as an output signal 
from the CCD camera. In higher quality CCD cameras of the 
type used for web inspection systems, the raw video signal, 
as well as a ?ltered video signal, are typically available as 
outputs from the CCD camera. 

The problem with digital signal processing of the video 
signal in a web inspection system is that the digital signal 
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processing can only be as accurate as the accuracy of the 
-A/D conversion of the original video signal. In the case 
where video preprocessing circuits are used, the accuracy of 
the A/D conversion is necessarily limited by the accuracy of 
the video preprocessing circuit. Unfortunately, existing 
video preprocessing circuitry for line scan cameras can lose 
valuable signal information and may actually introduce 
additional error into the video signal. 

The consequence of introducing errors into the video 
output signal are particularly signi?cant for a web inspection 
system. Unlike a video signal from a VCR camera, for 
example, where the video signal is intended to be viewed as 
an entire picture, a video signal that is used by a high 
performance web inspection system may be analyzed on a 
pixel-by-pixel basis. While an occasional glitch or light spot 
in a VCR recording will most likely go unnoticed by the 
viewer, even a single pixel error or variance can result in the 
detection of a false defect, known as a false positive. If there 
are too many false positives generated by the web inspection 
system, the result can be an incorrect rejection of huge 
amounts of web material. 

As an example, high performance web inspection systems 
typically scan a jumbo of rolled web material that is 7315 m 
(8000 yards) long and 1.52 m (60 inches) wide. In this 
example, if the web inspection system is attempting to detect 
defects that are as small as 2.5 mm2 (l/rsinchz), there will be 
a total of 4,400,000,000 potential defect sites in a jumbo that 
need to be scanned. If the defect rate at which the entire 
jumbo will be rejected is set at 5 defects/jumbo, then a web 
inspection system which is con?gured to check for defects 
as small as one pixel must consistently distinguish actual 
defects from false defects with a defect detection consis 
tency rating of no more than one pixel variance/billion 
pixels scanned. 

Regardless of what type of digital signal processing 
techniques are used, if the underlying video output signal 
provided to the A/D converter is itself not as consistent as 
the desired consistency rating, then there is no way to 
improve the defect detection consistency of the overall web 
inspection system. Consequently, a web inspection system 
that uses a CCD camera having enhanced video signal 
preprocessing capabilities would be greatly appreciated. 

SUMMARY OF THE INVENTION 

The present invention is a web inspection system for 
inspecting a moving web for defects that has an enhanced 
video signal preprocessing. The enhanced video signal pre 
processing is provided by a preprocessing circuit which has 
a maximum signal-to-noise (S/N) ratio that is no greater than 
an inherent maximum S/N ratio of a raw video signal as 
generated by a charge-coupled device CCD camera. The 
preprocessing circuit is preferably DC-coupled to the CCD 
camera to receive the raw video signal and generate an 
analog ?ltered video signal using an adaptive feedback loop 
that preserves a ?delity of the raw video signal in generating 
the ?ltered video signal. By improving the video signal 
preprocessing, the overall defect detection consistency of 
the web inspection system is improved. 

In accordance with a ?rst aspect of the present invention, 
a web inspection system includes a CCD camera that uses a 
scan array comprised of a plurality of pixel photosites to 
produce an analog raw video signal representative of the 
moving web. The raw video signal includes a sync pulse for 
each scan period and has an inherent maximum signal-to 
noise (SIN) ratio based on the electronic characteristics of 
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4 
the scan array and the CCD mechanism used to unload the 
scan array. A preprocessing circuit is operatively coupled to 
the CCD camera to receive the raw video signal and generate 
an analog ?ltered video signal for each scan period that has 
a preprocessing maximum S/N ratio no greater than the 
inherent maximum S/N ratio of the raw video signal. A post 
processing system is operatively coupled to the preprocess 
ing circuit to receive the ?ltered video signal and evaluate 
the ?ltered video signal to detect video signals representa 
tive of defects in the moving web that are as small as a scan 
area in the moving web that is scanned by a single one of the 
plurality of pixel photosites. 

In accordance with a second aspect of the present inven 
tion, a web inspection system for inspecting a moving web 
for defects includes a CCD camera that uses a scan array 
comprised of a plurality of pixel photosites to produce an 
analog raw video signal representative of the moving web. 
A preprocessing circuit DC-coupled to the CCD camera to 
receive the raw video signal and generate an analog ?ltered 
video signal using an adaptive feedback loop that preserves 
a ?delity of the raw video signal in generating the ?ltered 
video signal. A post processing system is operatively 
coupled to the preprocessing circuit to receive the ?ltered 
video signal and evaluate the ?ltered video signal for the 
existence of video signals representative of defects in the 
moving web. As a result, the web inspection system is 
capable of consistent detection of defects in the moving web. 

In accordance with a third aspect of the present invention, 
a. preprocessing circuit for web inspection system that 
inspects a moving web for defects is provided. The web 
inspection system includes a charge-coupled device (CCD) 
camera that uses a scan array comprised of a plurality of 
pixel photosites to produce an analog raw video signal 
representative of the moving web. The raw video signal is 
comprised of an even pixel video signal and an odd pixel 
video stream and at least one pixel photosite for the even 
pixel video signal and one pixel photosite for the odd pixel 
video signal are internally masked within the CCD camera. 
Each of the even pixel video signal and the odd pixel video 
signal include a sync pulse for each scan period and having 
an inherent maximum signal-to-noise (SIN) ratio. A post 
processing system receives a ?ltered video signal and evalu 
ates the ?ltered video signal to detect video signals repre 
sentative of defects in the moving web that are as small as 
a scan area in the moving web that is scanned by a single one 
of the plurality of pixel photosites. The preprocessing circuit 
includes a pair of separate adaptive feedback loops, an 
automatic pixel balancing circuit and a pixel recombining 
circuit. A ?rst of the adaptive feedback loops is DC-coupled 
to the CCD camera to process the even pixel video signal 
and a second of the adaptive feedback loops is DC-coupled 
to the CCD camera to process the odd pixel video signal. 
Each adaptive feedback loop utilizes a portion of the raw 
video signal corresponding to the at least one pixel photosite 
that is internally masked to remove a dark level DC offset in 
the raw video signal and generate a zeroed video signal. The 
automatic pixel balancing circuit balances a zeroed even 
pixel video signal with a zeroed odd pixel video signal to 
generate a balanced even pixel video signal and a balanced 
odd pixel video signal. The pixel recombining circuit mul 
tiplexes the balanced even pixel video signal and the bal 
anced odd pixel video signal to generate the ?ltered video 
signal for each scan period. As a result, the ?ltered video 
signal has a preprocessing maximum S/N ratio no greater 
than the inherent maximum S/N ratio of the raw video 
signal. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simpli?ed sequential schematic representation 
of how a line scan camera develops charge values at the 
photosites in the array sensor. 

FIG. 2 is a simpli?ed sequential schematic representation 
of how charge values at each photosite are transferred out so 
as to generate a raw analog video output signal. 

FIG. 3 is a simpli?ed block diagram of a typical web 
inspection system of the prior art that utilizes a line scan 
camera. 

FIG. 4 is a sequential series of graphic representations of 
,video output signals for various types of line scan camera 
detection ?elds. 

FIG. 5 is a sequential series of schematic comparisons of 
a laser scanner with a line scan camera demonstrating the 
effect of web speed on defect detection. 

FIG. 6 is a pair of scan samples for demonstrating 
crossweb and downweb defect boundary conditions and the 
e?ect on resolution and defect detectability. 

FIG. 7 is a simpli?ed block diagram of a web inspection 
system in accordance with the present invention. 

FIG. Sis a series of graphic representations demonstrating 
the eifect of dark level offset on pixel balance. 

FIG. 9 is a series of graphic representations demonstrating 
the problem of interpixel glitch. 

FIG. 10 is a more detailed block diagram showing a 
preferred embodiment of the preprocessing circuit of the 
present invention. 

FIG. 11 is a simpli?ed flow diagram for data ?ow in the 
preprocessing circuit shown in FIG. 10. 

FIG. 12 is a simpli?ed timing diagram of the camera 
signals of the line scan camera of the preferred embodiment. 

FIG. 13 is a more detailed block diagram of a preferred 
embodiment of the auto-zero portion of the preprocessing 
circuit shown in FIG. 10. 

FIG. 14 is a more detailed block diagram of a preferred 
embodiment of the auto-balance portion of the preprocess 
ing circuit shown in FIG. 10. 

FIG. 15 is-a pictorial representation of an oscilloscope 
trace of a ?ltered video output signal from a prior art web 
inspection system showing a negative-going defect. 

FIG. 16 is a pictorial representation of an oscilloscope 
trace of a ?ltered video output signal from the present 
invention showing the same negative-going defect as shown 
in FIG. 15. 

FIG. 17 is an expanded version of the oscilloscope trace 
of FIG. 16. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In order to provide a background for understanding the 
preferred embodiment of the present invention, a description 
of how a charge-coupled device (CCD) camera generates a 
video output signal is presented ?rst. With this understand 
ing in mind, a web inspection system in accordance with the 
present invention is broadly compared to the existing web 
inspection systems that utilize CCD cameras, and, in par 
ticular, line scan cameras. A detailed description of the 
various circuits of a preferred embodiment of the present 
invention is presented next. Finally, a comparison is made 
between the defect detection consistency of web inspection 
systems of the prior art and a web inspection system in 
accordance with the present invention. 
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Referring to FIG. 1, a simpli?ed sequential schematic 

representation of how a CCD camera develops charge values 
at each of a series of photosites 10 in an array sensor 12 
during a single camera scan time is shown. While it is 
sometimes convenient, when explaining the operation of a 
CCD camera, to refer to array sensor 12 as a line of 
miniature photocells, it should be understood that a photo 
site 10 operates in a manner that is di?erent than the manner 
of operation of a traditional photocell. When a photocell is 
illuminated, the photocell produces an output voltage (or 
current) that is proportional to the intensity of light received. 
The duration of the light does not change the output voltage, 
only the light intensity. A photosite 10, on the other hand, 
operates somewhat diiferently in that each photosite 10 

. produces an output voltage that is proportional to both light 
intensity and light duration. That is, the output voltage is 
proportional to the integral of the input light. ' 

In most cases, photosites 10 behave like a capacitor in that 
each photosite 10 can hold a charge. When light strikes a 
photosite 10, minority carriers are produced that permit the 
photosite capacitor to discharge the previously stored charge 
at a rate that is proportional to the intensity of the light 
striking photosite 10. As shown at time 101 in FIG. 1, all of 
photosites 10 in array sensor 12 are charged to a ?xed 
reference voltage at the start of each camera scan. The 
polarity and magnitude of this reference voltage is deter 
mined by the camera manufacturer. In the Reticon LCl902 
line scan camera as used in a preferred embodiment of the 
present invention, for example, photosites 10 are charged to 
a negative 3.6 volts at the start of each camera scan. 

As shown at time 102 in FIG. 1, when light 14 strikes a 
given photosite 10 during a camera scan, some of the charge 
in that photosite is discharged. If the intensity and duration 
of light 14 striking the surface of photosite 10 is suf?cient, 
all of the photosite charge will be discharged. This condition 
represents array saturation and is somewhat backwards from 
what a ?rst-time user of a line scan camera might suspect. 
Light causes an existing voltage to be reduced, rather than 
causing a voltage to be directly produced as is the casein a 
traditional photocell. The actual video signal of interest in a 
line scan camera is the difference between the initial charge 
level of each photosite 10 and the charge level that remains 
at the end of the camera scan. 

As shown at time 103 in FIG. 1, at the end of the time 
period for each camera scan, the voltage discharged by each 
photosite 10 is proportional to the total light intensity of light 
14 that was absorbed by the surface of photosite 10 during 
the integration time period for that scan. Thus, a photosite 10 
that experienced no light 14 during a scan would have a 
voltage value as shown at 16, which is sometimes referred 
to as the dark voltage or dark current value. A photosite 10 
that discharged all of the photosite charge will have a 
saturation voltage value as shown at 18, which represents an 
array saturation condition. In between these two values 
represents the range of values from dark level to saturation 
level, depending upon the amount of light 14 that was 
received by photosite 10 during a camera scan. In the case 
of the Reticon LCl902 line scan camera, for example, the 
saturation voltage value 18 is a negative 2.9 volts and the 
dark level value 16 is negative 3.6 volts, resulting in a range 
of voltage values containing useful information of 700 
millivolts that rides on a negative DC bias o?set of —3.6 

' volts. 

Before the start of the next scan, the photosite charges that 
remain from the previous scan are broadside (parallel) 
transferred to a pair of analog charge storage shift registers. 
All of the odd photosites 10, also known as pixels, are 
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transferred to a ?rst shift register and all of the even pixels 
or photosites 10 are transferred to a second shift register. 
This process is shown schematically in FIG. 2 for the odd 
photosites 10 in scan array 12. During this scan, the voltage 
values representing the charge remaining at photosites 10 for 
the previous scan are clocked into a shift register 20 serially. 
Although not shown in FIG. 2, at the same time, the voltage 
values from the previous scan are clocked out of shift 
register 20. Every other location 21 in shift register 20 is 
empty in FIG. 2 because a temporary storage site is required 
as part of the CCD mechanism as the stored charge is 
transferred out of scan array 12. At time 111, the charge 
packets or scan data 22 are shifted (clocked) from their 
initial locations to adjacent locations that are empty. This 
process continues as shown at times 112, 113, 114 and 115 
until all of scan data 22 is clocked out of locations 21 in shift 
register 20. During this process, the same action is taking 
place for even photosites 10 being clocked to an even shift 
register (not shown). Naturally, there must be at least as 
many clock cycles as there are photosites 10 to clock out 
scan data 22, and actually a few additional clock cycles are 
required to perform certain camera housekeeping functions 
at the beginning of each camera scan. At the end of the 
clocking out, as shown at time 115, scan array 12 is now 
empty. The photosite charges are then reset (photosites 10 
are re-charged to their ?xed voltage) and a new scan begins. 

At this point, the line scan camera has produced odd and 
even pixel streams that are still riding on the large DC offset 
voltage as represented by dark voltage value 16. For reasons 
that are discussed in detail later, this DC bias offset voltage 
must be stripped away, after which the odd and even pixel 
streams are combined into a contiguous video signal in order 
to produce a video signal that may be analyzed to detect 
defects observed by the line scan camera. The process of 
stripping away the DC offset voltage and combining the odd 
and even pixel outputs is referred to as video signal prepro 
cessing. It is at this point that the present invention departs 
from existing line scan camera vision inspection systems. 

FIG. 3 shows a block diagram of a typical existing web 
inspection system 30 that utilizes a line scan camera 32 and 
a post processing system 34 to detect defects in a moving 
web 36. Line scan camera 32 includes an scan array 12 along 
with associated circuitry to generate a video signal that is 
ultimately feed into post processing system 34. As web 36 
moves in the direction indicated past a detection ?eld 38 of 
line scan camera 32, scan array 12 will scan a transverse 
strip of web 36 that is of a predetemiined width, depending 
upon the scan rate of line scan camera 12 and the traveling 
speed of web 36. 

In existing web inspection systems, an internal prepro 
cessing circuit 40 typically located within line scan camera 
32 is used to ?lter a raw video output 41 from scan array 12 
to produce a ?ltered video output signal 42 that is then fed 
to post processing system 34. While post processing system 
34 can be an analog processing system, most current web 
inspection systems utilize a digital signal processing system 
in which ?ltered video output signal 42 is fed directly into 
an A/D converter 44 within post processing system 34 to 
generate a stream of digital bits representative of each scan 
of detection ?eld 38 as web 36 moves along. In some 
“digital” line scan cameras 32, the portion of post processing 
system 34 that includes A/D converter 44 is included within 
camera 32 and the only externally available output signal is 
a stream of digital data from A/D converter 44. 

Preprocessing circuit 40 almost always utilizes a high 
pass ?lter in the form of a capacitive coupling of raw video 
output 41 to ?ltered video output signal 42 to ?lter out the 
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DC offset voltage represented by minimum voltage value 18. > 
Alternatively, preprocessing circuit 40 could subtract from 
raw video output 41 a ?xed reference voltage equal to dark 
voltage value 16. This is not usually done because the 
circuitry to accomplish this would be more complicated and 
because dark voltage value 16 may vary with variations in 
the ambient and operating conditions of scan array 12 and 
this variation would then introduce error into ?ltered video 
output signal 42. In addition, preprocessing circuit 40 will 
include circuitry to combine the outputs of the odd and even 
pixel shift registers. Typically, a manual gain potentiometer 
is used to provide a single point correction of pixel balance 
between the odd pixel and even pixel portions of prepro 
cessing circuitry 40. 

Post processing system 34 may be provided with a visual 
and/or audio output, such as display 44, that signals or 
displays information indicative of an identi?ed defect in web 
36. Alternatively, post processing system 34 may be pro 
vided with a control link 48 to the mechanism for advancing 
web 36 in order to stop the advancement of web 36 when a 
defect is identi?ed, or preferably to mark web 36 at the point 
of the defect. Various other techniques for handling web 36 
once a defect has been identi?ed are well known in the art 
and it is contemplated that any one or more of these 
techniques could be used with a web inspection system in 
accordance with the present invention. 

While signi?cant improvements continue to be made in 
the way in which post processing system 34 identi?es and 
handles defects detected in web 36, the present invention 
recognizes that the main problem with existing web inspec 
tion systems 30 is not in post processing system 34, but 
rather in the quality of video output signal 42 that is supplied 
to post processing system 34. Unfortunately, existing web 
inspection systems 30 rely on the preprocessing circuitry 40 
that is included within or provided with line scan camera 32 
to provide ?ltered video output signal 42. By failing to 
recognize that post processing circuitry 34 can only analyze 
defects down to the underlying quality of video output signal 
42, existing web inspection systems unknowingly introduce 
errors into the web inspection process. 

Because line scan cameras are manufactured to perform 
tasks beyond just web inspection, the manufacturers of line 
scan cameras do not address many of the particular prepro 
cessing requirements that are speci?c to providing an 
enhanced video output signal for a web inspection system. 
As a result, in the case of providing a video output signal for 
use in a web inspection system 30, the inherent signal-to 
noise (S/N) ratio of line scan camera 32 is e?‘ectively 
determined by the S/N ratio characteristics of preprocessing 
circuit 40, rather than by the inherent S/N ratio of scan array 
12. Existing high quality line scan cameras 32 that are 
suitable for use with a web inspection system 30 typically 
have inherent overall SIN ratio values in the range of 
6—25%. These'values include the S/N ratio error which is 
introduced by preprocessing circuit 40. The actual inherent 
S/N ratio values for scan array 12 within these line scan 
cameras 32 is much lower, typically in the range of 1—6%. 
The major problems which limit performance of the 

combination of line scan camera 32 and preprocessing 
circuit 40 are: (1) pixel dark level offset, (2) odd/even pixel 
balance, and (3) interpixel glitch. Generally, it has been 
found that, while most line scan camera vendors recognize 
the problem of pixel dark level offset, the solutions of 
capacitive coupling or substraction of a ?xed reference 
voltage do not adequately address this problem for a high 
performance web inspection system. Moreover, none of the 
line scan camera vendors address the issue of pixel balance 
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and none provide an adequate solution to the problem of 
interpixel glitch. To understand why each of these problems 
is so critical in a web inspection system, it is helpful to 
understand more about the particular requirements unique to 
high performance web inspection systems which dictate the 
high level of ?delity required in the video output signal 
which is to be analyzed to detect defects in the web. 

Detection ?elds 38 of a line scan camera 32 are often 
spoken of as being either a “bright” ?eld or a “dark” ?eld. 
This is referring to the normal light that line scan camera 32 
receives. Frequently, in a web inspection application, web 36 
is located between line scan camera 32 and a non-laser light 

' source 46. Video output signal 121 as shown in FIG. 4 
illustrates a typical ?ltered video output signal 42 when line 
scan camera 32 is looking directly at light source 46 with no 
web material 36 in between. When a transparent web 36 is 
between line scan camera 32 and light source 46, as shown 
at video output signal 122, very little attenuation of the light 
occurs. This is known as a bright ?eld web inspection. In this 
case, the only type of web defect that can be detected is a 
dark defect 50 that causes the light that is reaching line scan 
camera 32 to decrease, such as dirt, debris or web inclusions. 
Under these conditions, a light defect 52, such as a hole or 
opaque thinning in web 36, is very di?icult to detect. A dark 
?eld web inspection is illustrated at video output signal 124. 
Here, no light, or very little light, reaches line scan camera 
32. In this case, a light defect 52 allows light into detection 
?eld 38 and thus is easily detected, while a dark defect 50 
is essentially undetectable. Finally, video output signal 123 
illustrates an intermediate ?eld produced by a translucent 
web material. In this case, the translucent nature of web 36 
makes possible detection of both light increasing signal 
representative of light defects 52 and light decreasing sig 
nals representative of dark defects 50. As will be discussed, 
the present invention is applicable to all three different types 
of detection ?elds 38. 

In addition to the different type of detection ?elds 38 
which may be encountered in a web inspection environment, 
the resolution of line scan camera 32 is critical to high 
performance defect detection in a web inspection system. 
The resolution for a Web inspection system consists of two 
components, crossweb resolution and downweb resolution. 
The crossweb resolution is determined ?rst since crossweb 
resolution is independent of web speed. Crossweb resolution 
is a function of the crossweb pixel size of each photosite 10, 
the number of photosites 10 in scan array 12 and the total 
width of scan array 12. The crossweb pixel size for the 
Reticon LC1902 camera is 0.0l27 mm (0.0005 inches). 
Multiplying this number by the number of pixels gives a 
physical length of the scan array 12. Dividing the web width, 
as shown at 54 in FIG. 4, by the array length gives a defect 
magni?cation value, which is the projected crossweb pixel 
dimension on the surface of web 36, as shown in FIG. 3. 

The defect magni?cation value is useful in detennining 
the camera stand-off of line scan camera 32 relative to web 
36. If, for example, the camera has 256 pixel photosites, then 
the physical length of scan array 12 would be 0.325 cm 
(0.128 inches). For a web 36 having a width of 40 cm, the 
magni?cation value would be 40 CID/0.324 cm, or 123. Thus, 
the area of the projected crossweb pixel dimensions on the 
surface of web 36 would be (123 * 0.0127)2, or 2.44 mm2 
(0.0037 inchesz). It will be obvious that larger scan arrays 12 
will produce smaller defect magni?cation values, and, as a 
result, the minimum size of a defect which can be detected 
reliably by the web inspection system will decrease. For 
most high quality web inspection systems, this is the largest 
minimum detectable defect size that would be allowable. 
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To determine the downweb resolution, it is necessary to 

know a maximum web speed of web 36, as well as a scan 
rate for line scan camera 32. The scan rate may be deter 
mined knowing the pixel clock frequency and the length of 
scan array 12 in terms of the number of pixels or photosite 
10. Sean rate is a function of the master clock and the 
number of clock cycles between the start of scan pulses. In 
essence, the combination of scan rate and web speed will 
determine how long a section of web 36 will pass by 
detection ?eld 38 on each scan. It will be apparent that web 
speed has a very large impact on the performance of a web 
inspection system. If, for example, the scan rate is 2 KHz 
and the minimum desired resolution for detection is 0.01 
inches, then the maximum web speed would be no more than 
80 feet per minute. 

FIG. 5 illustrates the effect of web speed on downweb 
resolution and, perhaps more importantly, defect detectabil 
ity. In this ?gure, a line scan camera is compared with a laser 
scarmer and a series of schematic representations of the 
scanning of a web 36 at different speeds are shown for both 
types of scanning systems. Scan sample 133 is the reference 
scan for both cases. Where the web speed is such that web 
36 travels a distance in one scan time equal to the width of 
the laser spot for these is 100% coverage and all defects 58 
are “seen” by a laser scan line 60. For a line scan camera 32, 
100% coverage can be de?ned for the case where web 36 
travels a distance equal to the projected downweb pixel 
length on the web surface. The reference defect 58 shown in 
scan sample 133 “?lls” the pixel area and produces the 
maximum defect signal amplitude that can occur. 

As the web speed decreases from the reference speed for 
scan sample 133, as shown for example in scan sample 134, 
defects 58 will be seen by more than one scan, a condition 
known as downweb overscan, but the defect signal ampli 
tude does not increase. As a result defect detectability does 
not improve unless two-dimensional signal processing tech 
niques are used. Thus, it can be seen that the downweb 
resolution is limited to the defect magni?cation times the 
actual downweb pixel length. 
As the web speed increases from the reference speed, as 

shown for example in scan sample 132, an effect commonly 
known as pixel stretch takes place, as shown for example at 
59. If the web speed doubles, for example, twice the 
reference distance passes beneath line scan camera 32, but 
reference defect 58 is still the same size. Thus, the downweb 
pixel length appears to stretch with respect to the reference. 
The defect now covers half of this stretched pixel and the 
defect signal amplitude will be cut in half because the defect 
is present only for one half of the camera’s integration time. 
For the laser scanner, the scan lines are beginning to 
separate, but defects 58 can still be detected. 
When the web speed continues to increase, the condition 

as shown at scan sample 131 will exist. In this case, the laser 
scanner can actually miss defects 58, because they will 
travel by the laser scan between scans. A line scan camera 
is different. Because the line scan camera’s duty cycle can 
approach 100%, the camera sees every defect 58, the only 
question is the amplitude of the signal representative of 
defect 58. Thus, even at high web speed, a line scan camera 
32 has almost 100% web coverage. This characteristic, 
along with the lower cost and simpler operation of line scan 
cameras, are some of the reasons why line scan cameras are 
often preferred over laser scan systems for web inspection 
applications. 

Although defect 58 will always be seen by line scan 
camera 32, the question is whether it will be detected. As the 


















