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ABSTRACT: Apparatus for optically detecting imperfections 
on the surface of a web which is being advanced on a roller. 
The apparatus comprises a light source for directing light rays 
onto the surface of the web on the roller, a lens assembly 

‘ disposed between the light source and the roller for directing 
parallel light rays toward the web surface, and an optical 
system for directing the re?ected light rays to a photoconduc 
tive element. 
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PHOTOELECTRIC WEB DEFECT-DETECTING 
APPARATUS WHICH PROVIDES FOR OVERCOMING 

THE RAY-DIVERGING EFFECT OF ROLLER 
CURVATURE 

BACKGROUND OF THE INVENTION 

l. Field of the Invention 
The present invention relates to a method and apparatus for ' 

detecting imperfections on the surface of a web by optical 
means. ' 

I 2. Description of the Prior Art 
There have been in general three types of detecting devices 

for detecting imperfections on a web, both of which methods 
employ re?ected and transmitted light. The three types are as 
follows; a type in which a number of photoconductive ele 
ments are arranged laterally adjacent to the advancing web, a 
type called the “flying spot method" in which a light spot is 
swept in the effective site‘ ?eld of a photoconductive element, 
and a type called the "?ying image method" in which the por 
tion to be detected is uniformly illuminated and a point 
thereon corresponding to the site ?eld of a photoconductive 
element is swept. 
These devices for detecting imperfections are used in 

general to provide signals of the imperfections to an automatic 
cutter to cut out and remove the cut portion containing the 
imperfection. Otherwise, the above devices are used for mark 
ing the web to indicate the imperfection or for recording the 
condition of the imperfection on the web. 

SUMMARY OF THE INVENTION 

A semicylindrical lens is provided for making the illuminat 
ing light rays parallel with one another. Another semicylindri 
cal lens is also provided for concentrating the parallel light 
rays onto the portion of the surface of the web to be checked 
for imperfections. The light rays re?ected from the surface of 
the web are detected by a photoconductive element using the 
“flying image method.” 7 
As described above, the conventional method of the “?ying 

image" has been to employ uniform illumination of the web. 
Therefore, when an imperfection has been illuminated by rays 
from various directions, the re?ected light rays from the im 
perfection which reached the photoconductive element have 
been an extremely small part of the total number of rays from 
the re?ected imperfection. This method has been disad 
vantageous from the point of view of ef?ciency and the resolu 
tion of power. In accordance with the present invention, the 
imperfection on the moving web is illuminated by parallel light 
rays and as a result high ef?ciency in resolving power are 
achieved. 

It is a principal object of the present invention to provide an 
improved method for effectively detecting imperfections on 
the moving web such as unevenness and scratches which ex-' 
tend in a direction parallel to the advancing direction of the 
web. It is another object of the present invention to provide an 
effective apparatus for detecting imperfections on the moving 
web. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a perspective view of an embodiment of the detect 
ing apparatus in accordance with the present invention. 

FIG. 2 is a perspective view of an example of the detecting 
device which is exemplary of the prior art. 

FIG. 3 is a perspective view of the main part of the detecting 
device in accordance with the present invention. 

FIG. 4 is a cross-sectional view of the main part of the de 
tecting device shown in FIG. 3 in accordance with the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the drawings, as best shown in FIG. 1, il- ‘ 
lustrating an embodiment of the present invention, the 
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2 
reference character 1 denotes a light source such as a tungsten 
lamp including a linear ?lament. The reference numeral 2 
denotes an infrared ?lter to be used in the event the device is 
used to detect imperfections on the surface of a photosensitive 
photographic ?lm. Numeral 3 denotes a ?rst semicylindrical 
lens for making the emitted light rays from the light source 1 
parallel with one another and projecting them perpendicular 
to the portion 5 to be detected on the web 6. The lens 3 may 
be spherical. The reference character 4 denotes a second 
semicylindrical lens for concentrating the parallel rays formed 
by the ?rst semicylindrical lens 3 onto the surface of the web 6 
in the shape of a wedge. The effect of the second lens 4 will be 
described in detail referring to FIG. 4. The reference numeral 
7 denotes a roller for rolling the web in a predetermined posi 
tion. Numeral 8 denotes a lens for concentrating the re?ected 
parallel light rays from the detected portion 5 onto a mirror 10 
which is vibrated. Numeral 9 denotes a spherical lens for 
focusing the image of the detected portion 5. Numeral l0 
denotes a vibrating mirror for scanning the detected portion 5 
which corresponds to the site ?eld of the photoconductive ele 
ment 15. The vibrating mirror 10 is driven by means of a mag 
net 11 and a coil 12. - ~ 

The coil 12 is connected to an oscillator 13 in the present 
invention. The vibrating mirror 10 vibrates at a frequency of, 
for example, 200 cycles per second. Accordingly, the site field 
of the photoconductive element 15 reciprocates on the por 
tion of the surface of the web 6 to be detected at a speed of 
200 times per second. The vibrating mirror 10 can be replaced 
by a rotating multifaced mirror, but in this case, a complicated 
device is required to obtain the results since the illuminating 
light is cut out at the end of the detected portion 5 or at the 
end of the lenses 4 and 8 and therefore, a clamp device is 
required for eliminating the signal. The signal from the 
photoconductive element 15 is ampli?ed by the ampli?er 16. 
The ampli?er 16 is constructed having a high pass ?lter and a 
low-pass ?lter in order to separate the signals of sharp imper 
fections such as scratches from the signals of relatively mild 
imperfections such as unevenness. The ampli?er 16 can detect 
the two kinds of imperfections with different sensitivity. The 
reference numeral 17 denotes a discriminating circuit which 
transmits a signal to the memory circuit 18 when a signal of a 
level higher than a reference level is provided at the input 
thereof. The memory circuit 18 memorizes the signal until the 
web is cut off at the portion of the web having the imperfec 
tion detected by the above device which includes circuit 17. A 
solenoid is energized to take out the portion of the web having 
the imperfection detected. Alternatively, the memory circuit 
18 memorizes the signal until the portion of the web having 
the imperfection comes up to the position to be marked and 
then energizes the marking solenoid. 

Referring now to FIGS. 2, 3 and 4, illustrating in more detail 
the feature of the present invention, wherein FIG. 2 illustrates 
a conventional illuminating method wherein the detected por 
tion of the web is uniformly illuminated over a broad range 
with a lamp 19. If imperfection 20 passes, the light value of the 
light ray 21 directed to the photoconductive element varies, 
however, the variation of. the light value is very small because 
the detected portion is illuminated from various directions. 
However, if the light rays directed onto the detecting por 

tion of the web are parallel with one another as shown in FIG. 
3, the shade caused by the imperfection is seen immediately 
and the variation of light value of the light rays 21 reaching the 
photoconductive element is greater. 
As shown in FIG. 4, by arranging the semicylindrical lens 4 

so as to position the focal point 23 thereof ahead of the de 
tected portion 5, most of the light rays concentrated in the 
wedge shape are directed in the same direction, because the 
surface of the detected portion of the web is curved along the 
cylindrical surface of the roller 7. Moreover, by positioning 
the focal point of the cylindrical lens 4 on the roller 7 and 
beyond the detected portion 5, in the manner shown in FIG. 4, 
the detected portion 5 on the surface of the web becomes an 
elongated band having a width such that most of the light rays 
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directed to the detected portion are used effectively. There 
fore, there is no unevenness in the detecting sensitivity such as 
that caused by missing a scan between successive scans, and 
the light rays are effectively used. This latter advantage is par 
ticularly useful for aweb which is to be free from exposure to 
light rays such as a web of photographic material. 
The invention has been described in detail with particular 

reference to the preferred embodiment thereof, but it will be 
understood that variations and modifications can be effected 
within the spirit and scope of the invention as described 
hereinabove and as defined in the appended claims. 
What I claim is: 
1. man apparatus for detecting the imperfections on the 

surface of a web wherein a roller is provided for feeding the 
web, a light source is provided for directing the light rays onto 
the surface of the web which moves along the roller, and an 
optical system is provided for directing the re?ected light rays 
from the surface of the web to a photoconductive element; the 
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improvement comprising a ?rst lens disposed between said 
light source and said roller for making said light rays from said 
light source parallel with one another, and a second lens 
disposed between said ?rst lens and said roller for concentrat 
ing the parallel rays formed by said ?rst lens onto the web sur 
face in the form of a wedge, the focal point of said second lens 
being positioned beyond the surface of the web on the roller 
so that most of the light rays will be re?ected in the same 
direction. 

2. The apparatus of claim 1 wherein said optical system 
comprises a vibrating mirror, and a third lens disposed near 
said roller for directing the re?ected light rays toward said 
vibrating mirror, said vibrating mirror directing the re?ected 
light rays toward said photoconductive element. 

3. The apparatus of claim 2 further comprising an ampli?er, 
a discriminating circuit and a memory circuit connected to 
said photoconductive element. 


