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ABSTRACT OF THE DISCLOSURE 

A ?aw detector for inspecting material such as, for ex 
ample, wood products and the like, includes a television 
camera for scanning across the material as such material 
is moved relative to the camera on a conveyor. The camera 
produces an output indicative of flaws or imperfections 
therein, and the number of ?aw indications is totaled in 
a counter. As plural scans intersect the inspected material 
within a predetermined distance along the material, indi 
cating a flaw bridging such distance, an additional value 
is added to the cumulative count. Plural actuating means 
responsive to the counter classify the material according 
to ?aw content. 

This invention relates to a flaw detector for use with 
products and particularly to such a detector for automati 
cally, grading products. 

Products such as panels of plywood, strips of veneer 
or the like, are graded with respect to coloration ?aws 
and defects. For certain purposes, a strip of wood may be 
required having a minimum number of knots or other 
color defects, while for certain other purposes a product 
with a greater number of knots may be desired. In the 
case of wood panels or strips, defective portions may be 
marked and cut out of the strip after which the defective 
portion is replaced. 
Some products such as particle board may be entirely 

rejected if they include color defects which indicate an 
imperfection in the formation of the board. Other prod 
ucts may come through manufacture with an unduly 
rough surface, making an additional sanding operation de 
sirable. In any case, visual inspection of the material 
for location of such ?aws and imperfections is not only 
time consuming and cumbersome, and therefore expen 
sive, but, moreover, human inspection with the eye does 
not always produce uniform grading of the material. 

It is therefore an object of the present invention to 
provide improved automatic apparatus for detecting flaws 
in material. 

It is another object of the present invention to provide 
improved apparatus for quickly and automatically grad 
ing and sorting material in a standardized manner not 
subject to human error and judgment. 

In accordance with the present invention, a strip of 
material, which may contain ?aws or imperfections, is 
scanned optically with means producing an electrical 
signal, the amplitude of which is dependent upon light 
re?ection from the material being scanned. At the same 
time, relative movement is provided between the optical 
scanning means and the material being inspected so the 
entire surface of the material will be viewed. For ex 
ample, a given electrical signal output level is produced 
when a standard wood ?nish is scanned, but ‘a different 
level of signal results if the scan passes a darker spot or 
discoloration such as a knot or the like. 
A suitable scanning means comprises a television 

camera optically scanning the image of the strip of ma 
terial, across the width thereof, producing a larger magni 
tude signal when a darker of discolored area is scanned. 
A level detector, receiving the output of the television 
camera, is adjusted for providing an output only when 
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the video information from the television camera ex 
ceeds a predetermined threshold value. Re?ections asso 
ciated with a wood surface lacking iimperfections will 
not generate a television camera output exceeding this 
value. When the camera scans a knot or the like, the out 
put rises above the threshold level of the level detector 
and a level detector output occurs. This output of the 
level detector may operate an actuator for marking or 
rejecting the imperfect material. Also a number of ?aw 
indicating level detector outputs may be counted and the 
material graded accordingly. 

In an embodiment according to the present invention, 
the‘ scanning means produces a ?rst repetitive scan across 
the moving material for detecting flaws and producing 
an output when an imperfection is detected. When an 
imperfection is detected a second scan, parallel to the 
?rst scan, is employed for determining whether or not 
the detected ?aw spans the spacing between the two scans. 
If it does, the material may either be rejected, or the 
additional detection added in a counter to the original 
?aw detection, thereby downgrading material having im 
perfections larger than a predetermined spacing between 
scans. 

According to another embodiment of the present inven 
tion, the scanning apparatus is effective in rejecting ma 
terial on account of surface roughness. The material is 
illuminated with polarized light and a polarizer for de 
tecting such light is placed between the scanning means 
and the material. Roughness 0n the surface of the material 
changes the amount of light re?ected to the scanning 
means causing a change in the output signal of the scan 
ning means. 
The subject matter which we regard as our invention 

is particularly pointed out and distinctly claimed in the 
concluding portion of this speci?cation. The invention, 
both as to organization and method of operation, together 
with further advantages and objects thereof may best be 
understood by reference to the following description 
taken in connection with the accompanying drawings 
wherein like reference characters refer to like elements 
in which: 

FIG. 1 is a schematic diagram of a ?rst circuit in ac 
cordance with the present invention, 

FIG. 2 is a chart of waveforms illustrating the opera 
tion of the FIG. 1 circuit, 

FIG. 3 is a schematic diagram of another embodiment 
of the present invention, 

FIG. 4 is a diagram of a television raster which may 
be employed in conjunction with the present invention, 

FIG. 5 is a view of \a ?rst mechanical transducer which 
maybe employed with the FIG._3 circuit, ‘and 
FIG. 6 is a view of a second mechanical transducer 

which may be employed with the FIG. 3 circuit. 
Referring to FIG. 1, illustrating a ?rst circuit in ac 

cordance with the present invention, a television camera 
10 is positioned to view a strip of wood material 14 sup 
ported for movement on a conveyor belt 16. Conveyor 
belt 16 ‘is arranged to move wood material 14 past the 
camera 10 in a direction perpendicular to the drawing 
and lengthwise of the material. Camera 10, in this em 
bodiment, is a conventional television camera having an 
associated ampli?er and producing one or more line scans 
across the wood material 14, or the image thereof, in a 
direction 18 across the material 14 from one side thereof 
to the other. The scan is rapidly repeated and may form 
one scan of a conventional television raster of 525 scan 
lines with the lines disposed in a direction crosswise of 
the material 14. The video information corresponding to 
the one or more scan lines is provided at output 20 and 
this output is portrayed in the FIG. 2 waveform chart. 
This output sign-a1 comprises synchronization pulses 22 
including a horizontal blanking pulse and horizontal sync 
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pulse as well as video information located between the 
synchronization pulses. As the camera executes a scan in 
a direction perpendicular to the movement of material 
14, a light colored or gray background 24 will be indi 
cated at either side of the video information between the 
video information 26 land the synchronization pulses 22. 
The video signal 26 remains at a relatively constant level 
for each scan providing no imperfection is viewed, that 
is providing the light re?ected to the television camera is 
from the ordinary wood surface containing no major 
?aws. Movement of the wood material 14 on conveyer 
belt 16, relative to television camera 10, positions the ma 
terial so that a given scan of the televesion raster pro 
duces successive video information for slightly displaced 
areas of the wood material surface to the end that the en~ 
tire surface of the wood material 14 is inspected. One or 
more scans for each raster, or even the entire raster, may 
be employed if so desired. The material is appropriately 
illuminated by means not shown so as to be visible to the 
television camera. 
The instantaneous output 20 of camera 10 is applied 

as an input to level detector 28. This level detector pro 
duces no output as long as the video information 26 has 
a relatively constant value indicative of a surface having 
no appreciable imperfection. However, when a knot or 
other ?aw is scanned by the television camera, a peak 
30 in the video information will occur, as seen in FIG. 
2, because the ?aw is darker in color than the surround 
ing wood surface. The peak 30 in this instance is not suffi 
cient to operate the level detector 28 since it does not 
exceed threshold level 32. However, a succeeding scan of 
a further portion of the same flaw produces a peak 38a 
reaching threshold level 32 of level detector 28, causing 
the production of an output therefrom. Likewise, peak 301) 
similarly produces an output from level detector 28. 
The level detector 28 is suitably a Schmitt trigger cir 

cuit having a threshold level 32 at which a continuous 
output is produced, and a second threshold 34 at which 
time the output of the circuit is discontinued. The range 
between threshold levels 32 and 34 is called the hysteresis 
range of the Schmitt circuit. When an input signal ap 
plied to the Schmitt circuit exceeds threshold level 32 
and then continues to exceed this level or remains with 
in the hysteresis range, a continuous output is produced. 
Although the Schmitt trigger circuit is quite e?‘icacious 
for producing suitable waveforms for operating the sub 
sequent circuitry as hereinafter more fully described, 
other devices for providing an output when the device in 
put exceeds a particular value ‘are also usable. 
The output 31 of the Schmitt trigger level detector 28 

in the FIG. 1 embodiment is applied to a ?rst monostable 
circuit 33 and ‘also to and-grate 35. The monost-able cir 
cuit 33 may suitably comprise a one-shot multivibrator. 
Application of output 31 to monostable circuit 33 causes 
the latter to generatea 11 output 36>for a predeermined 
length of time, starting at the conclusion of the output 31 
from level detector 28. Similarly the output of monostable 
circuit 33 triggers a second monostable circuit 38 hav 
ing an output 40 persisting for a predetermined period 
of time after the conclusion of the output 36 from mono 
stable circuit 33. Output 40 is applied in conjunction with 
output 31 to and-gate 35, the latter producing an output 
labeled 42 only upon coincidence of 31 and 40. This co 
incident output 42 triggers bistable ?ip-flop 44 and causes 
its operation to change from a ?rst state to a second or 
output producing state. The output of ?ip-?op 44 is 
labeled 46. This output drives actuator 48, which may 
comprise a marker, an indicator, or suit-able relay means 
for causing rejection of a strip of wood material contain 
ing a flaw exceeding the predetermined standard. A single 
such ‘actuator is suitable, for example, for use in the case 
where the material 14 is particle board and wherein de 
tection of a ?aw is desired to cause rejection of the ma 
terial. 
The FIG. 1 circuit beyond level detector 28 performs 
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the function of providing an enabling gate signal only 
while video information occurs in output of television 
camera 10. This gate signal is the output 40 of mono 
stable circuit 338. When camera 10 produces a synchroni 
zation pulse 22, the synchronization pulse will exceed the 
hysteresis range of Schrnitt trigger level detector 28, there 
by producing an output 31 for triggering ‘monostable cir 
cuit 33 at the end of the output 31. The output 36 of 
monostable circuit 33 is ‘arranged to be 'a pulse having 
a relatively short duration concluding while the gray back 
ground is being scanned and before the edge of the ma 
terial 14 is reached by the scan. At the conclusion of out 
put 36 of monostable circuit 33, the monostable circuit 
38 is triggered, producing gate signal output 40 which 
continues during the presence of video signal 26 until the 
scan reaches the gray area at the other side of material 
14 and before the occurrence of the next synchronization 
pulse 22. 

Since output 40 of monostable ‘circuit 28 and output 
32 of level detector 28 are both applied to and-gate 35, 
both must be present to operate the and-gate. The output 
pulses 31 of level detector 28 coincident with synchroni 
zation pulses 22 will not produce an output 42 at and 
gate 35. However, when peak 36a occurs in the video sig 
nal, indicating a ?aw in the material being scanned, the 
output 31 of level detector 28 is ‘coincident with gate sig 
nal output 40, and bistable flip-?op 44 is triggered, pro 
ducing continuous output 45 indicative of the flaw in the 
material scanned. 

Bistable flip-?op circuit 44 comprises a storage means 
storing the recognition of a ?aw in material 14 until 
the circuit is reset via grounding lead 59 in a convention 
al manner. This is conveniently accomplished through a 
microswitch (not shown) connected to lead 50 and closed 
by the trailing edge of material 14 passing over such 
switch to connect lead 50 to ‘ground. _ 

Although a conventional television camera is illus 
trated and is very desirable from the standpoint of pro 
ducing accurate signals while disregarding unwanted light 
input, other optical scanning means may be substituted 
therefor. For example, a ?ying spot scanner and suitable 
synchronization circuitry can be used in place of tele 
vision camera 10‘. ' 

Referring to FIG. 3 illustrating another embodiment 
of the present invention, a television camera 10 scans 
across the strip of material 14 such as plywood or veneer 
conveyed on a moving belt 16. The material 14 is illumi 
nated by light source 52 directed towards the material 
14 through lens 54. The light also passes through a ?rst 
polarizer 56, before striking the material 14, for polarizing 
the light in a direction crosswise of material 14 and 
parallel to the scanning direction of television camera 
10. The light is re?ected from the material 14 and from 
mirror 58, and passes through a second polarizer 60 to 
the television camera. Polarizer 60 is oriented in a di 
rection for normally passing the polarized light re?ected 
from a standard surface of material 14. That is, polarizer 
‘60 is oriented along substantially the same optical axis 
as polarizer 56. 

Scanning of television camera 10 executes a raster 70 
as illustrated in FIG. 4 composed of parallel closely 
spaced “horizontal” scans. The third and the ?fteenth 
horizontal scans are indicated. The video output from 
television camera It) is applied to and-gate 62 in FIG. 3, 
while horizontal and vertical triggering signals synchro 
nized with the horizontal and vertical synchronization 
pulses from the television camera are applied to counter 
64. These triggering signals are conveniently derived in 
the television camera by differentiating the horizontal 
and vertical ?yback voltages respectively. The vertical 
triggering signal from television camera 10, applied via 
lead 66, starts counting operation in counter 64. Counter 
64 then counts the number of horizontal triggering pulses 
applied via lead 68, and the count thereof thus indicates 
the number of the scan being executed by television 
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camera 10. When counter 54 reaches a predetermined 
number, for example representing the ?fteenth scan, as 
illustrated in FIG. 4, the counter 64 produces an output 
72 for application to pulse generator 74. Pulse ‘generator 
74 generates a gate signal output 76 which is introduced 
as an enabling input to and-gate 62. And-gate 62 there 
fore passes video information for the particular scan, 
i.e., the ?fteenth scan of the television raster. 
The output 78 of and-gate 62 is selectably connected 

to A level detector 80 through switch ‘81. When the out 
put of the television camera reaches a predetermined 
level, the A level detector ‘80 generates an output at lead 
82 which is applied to a counter 84. Counter 84 counts 
the number of times the video output exceeds the pre 
determined level of level detector 80. Therefore, the count 
in counter 84 is a measure of the grade or quality of the 
material viewed by the television camera. 

Additional circuitry is then actuated beyond counter 
84 in accordance with the number of ?aws found in the 
material. Providing counter 84 contains a predetermined 
minimum count, actuator 86 is energized through “pass 
A” gate 88. However, if the counter contains a larger 
count indicating a greater number of imperfections, actu 
ator 90 is energized from a second output of counter 84 
through “rework 1” gate 92 and the latter is connected 
to inhibit “pass A” gate 88 through inhibit lead 94. A 
yet greater count from counter 84 provides an output 
energizing actuator 96 through “rework 2” gate 98, the 
latter inhibiting “rework 1” gate 92 via inhibit line 100. 
Inhibit lines 94 and 100 prevent more than one actuator 
from being energized at a particular time. 

Actuators 85, 9G, and 96 may comprise relays or other 
devices of a similar type for initiating a particular sort 
ing operation of material 14. For example, if a strip of 
material 14 contains a certain predetermined minimum 
number of ?aws resulting in a minimum count in counter 
84, actuator 86 will be energized and permit the strip of 
material 14 to pass on the conveyor belt 16, resulting 
in a grade “A” classi?cation of material. However, when 
actuator 90 is energized, it causes the strip being viewed 
by the television camera to be marked or rejected into 
a “rework” classi?cation. Similarly, actuator 96- rejects a 
strip of material in a second “rework” classi?cation. 
A second level detector, 8012, with counter 84b and 

associated classi?cation circuitry, is selectable with switch 4.) 
81 whereby output 78 of and-gate ‘62 is connected to 
level detector 80b. The classi?cation circuitry associated 
with level detector 80b and counter ‘84b is substantially 
identical to that discussed above except an additional 
actuator 102/5 is included and the latter is adapted to be 
energized from a predetermined count of counter 84b 
through “upgrade to A” gate 104b. Gate 104!) also re 
ceives an inhibit signal on lead 10612 from “pass B” gate 
8815, should the latter be energized. 
The circuit including level detector 8%, counter 84b, 

and associated circuitry may be used for further classi 
?cation of a strip of material 14 after the strip has re 
ceived classi?cation through the use of level detector 80‘, 
counter 84, and associated circuitry. If, for example, actu 
ator 96 rejects a strip of material as being in a “rework 
2” category, this strip may then be rerun through the 
same or a similar system having switch 81 in the position 
selecting level detector 80b. Counter 84b is arranged to 
energize actuator 86!), providing the strip meets a “pass 

If the material after rechecking appears to contain a 
lesser number of ?aws, actuator 102!) will be energized 
and the strip returned for higher level classi?cation. 
With the switch 81 in either of the aforementioned 

positions, actuators 90 and 98b, respectively, classify 
the strip of material for reinspection with switch 81 re 
maining in the same position in the rerun. If, on the other 
hand, either actuator 96 or 96b is energized, the strip of 
material is classi?ed for a lower level of inspection. For 
example, energization of actuator 96 classi?es the strip 
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6 
of material being inspected for a reintroduction into the 
system with switch 81 selecting level detector 8012. 

In the third position of switch 81, a level detector 
80c is selected. The output 82c is connected to a counter 
84c, suitably provided with classi?cation circuitry for 
further classifying the strip of material being inspected. 

Although one system employing switch 81 is shown for 
inspecting the material 14, it is understood a plurality 
of such systems including a plurality of television cameras 
may be suitably positioned along a conveying system 
arranged for moving and classifying the strip material. 
Moreover, a strip of material may be conveniently classi 
?ed into a category within predetermined limits em 
ploying more than one circuit of a FIG. 3 type. For 
example, two such circuits may be arranged with their 
television cameras arranged successively along conveyor 
belt 16, or with a television camera for one circuit 
arranged on one side of the moving material and another 
television camera ‘disposed on the remaining side. It 
may be desired to accept material passing both B and C 
criteria while rejecting others. Then, one circuit of the 
FIG. 3 type may be arranged with switch 81 in a posi 
tion to select B level detector 89b, and a second such 
circuit may be arranged to have its switch 81 in a posi 
tion for selecting C level detector 800. In the operation 
of such a system, a strip of material will be passed if 
either actuator 86 of the ?rst circuit or actuator 86b 
of the second ‘circuit is energized. Many other combina 
tions are possible, of course. 

Counter 64 also produces an output 108 when it 
reaches a count either somewhat earlier or somewhat 
later than the count which produced output 72. In a par 
ticular example, counter 64 produces an output 108 when 
the television camera 10 reaches its third scan across 
material 14 as illustrated on raster 70 in ‘FIG. 4. Output 
108 is ‘applied to early look gate 110. Early look gate 
110 receives ‘a signal from one of the level detectors 
80, 80b, 80c, etc., according to the position of switch 

,112 which is ganged with switch 81 so that the same 
level detector is included in the circuit by both switches 
81 and 112. When level detector 80, for example, pro 
duces an output 82 indicating a ?aw in the material being 
inspected, a delayed output 114 therefrom is applied to 
early look gate 110 through switch 112. Gate 110 then 
passes output 108 of counter 64 through gate 1101 sup 
plying an input 113 to pulse generator 74 during the 
third scan of the next television raster, the third and the 
?fteenth scans of the raster being parallel to each other 
and spaced by a predetermined distance. The output of 
pulse generator 74 gates the video information not only 
for the ?fteenth such scan but also for the third scan 
during the next raster time. This provision of video in 
formation from ‘an additional scan line path parallel to 
the ?rst scan line path, ‘for example, from the third 
scan line parallel to the usual ?fteenth scan line, is used 
to detect ?aws in material 14 of a size spanning the 
distance between the scan lines on the image of the 
?aw. Then, should a ?aw span this distance, an addi 
tional count will be 'added to the selected counter 84, 
84b, 84c, etc. Therefore, a greater chance of rejection 
exists in the case of ?aws having a size spanning the 
distance. Of course, the size involved can be selected 
by adjusting counter 64 to produce an output 108 at 
the time of a scan closer to, or further ‘away from, the 

. . . . . _ usual scan out tit 72 rovided b uls t . 
B” criteria involving a predetermined number of ?aws. 00 P p y p e genera or 74 

It is understood that polarizers 56 and 60 are not 
necessary in detecting flaws in the material 14 detectable 
by color alone. That is, ?aws of a darker color, for 
example, a knot or the like in material 14, will register 
at a properly adjusted level detector without the use 
of polarized light. Polarized light employing the polar 
izers 56 and 60 is useful in detecting undue roughness 
on the surface of material 14. For this purpose, the 
light is presented at the surface of material 14 at an 
angle of approximately 37 degrees with respect to the 
vertical. A mirror 58 is arranged to re?ect the re?ection 
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from material 14 to the television camera 10 through 
polarizer 60 oriented for passing the polarized light. 
However, should the material 14 have an unduly rough 
surface, the polarized light will be dispersed and tele 
vision camera 16 will receive less light ‘and produce a 
signal as in the case of a dark spot. Of course, the sys 
tem may be arranged for the detection of dispersed 
light from a rough spot by readjusting the angle and 
position of mirror 58. The use of polarized light for 
detecting roughness may be applied as well to the FIG. 
1 apparatus. 
FIGS. 4 and 5 illustrate mechanical transducers which 

may be employed in conjunction with the circuit of 
FIG. 3. Each of these transducers includes a pivoted 
arm 114 carrying serrated wheel or disk 116 which may 
be formed of plastic or the like, for physically con 
tacting the surface of moving material 14. Each trans 
ducer arm includes a movable contact 118 of a switch 
120 also having a stationary contact 122. When the 
serrated wheel passes over a rough spot, the contact 
118 of switch 120 moves towards contact 122 making 
connection therewith. The switch 120 may be included 
in the FIG. 3 circuit, as indicated in FIG. 3, for brie?y 
connecting a DC source 124 to level detector 80. A 
plurality of such transducers disposed across the surface 
of moving material 14 will ‘cause the addition of one 
or more brief inputs to level detector 80 via one of 
the switches 120, thereby providing an additional count 
in counter 84 indicative of physical roughness on the 
surface of material 113. 
The apparatus according to the present invention pro 

vides automatic means for detecting ?aws and imperfec 
tions in material and suitable rejection or classi?cation 
of the material according to the presence of such ?aws. 
This operation is carried on automatically and Without 
the need of extensive and time-consuming human sort 
ing, subject to errors in human judgment. 

While we have shown and described several embodi 
ments of our invention, it will be apparent to those 
skilled in the art that many changes and modi?cations 
may be made without departing from our invention in 
its ‘broader aspects. We intend the appended claims to 
cover all such changes and modi?cations as fall within 
the true spirit and scope of our invention. 

I claim: 
1. Apparatus for detecting ?aws in material compris 

ing means for moving a sheet of material past a given 
point in a given direction, 

television camera means scanning across an image of 
said material in a direction substantially across the 
direction of movement of said material and produc 
ing an instantaneous electrical output indicative of 
light from said material, 

detector means responsive to the output of said tele 
vision camera means when the output of said tele 
sion camera means changes to a value indicating 
light from an imperfection in said material, 

and means for providing a further response in said 
apparatus when ?rst and second scans across the 
image of said material, within a predetermined dis 
tance therealong in the direction of movement there 
of, indicate imperfections in said material bridging 
said ?rst and second scans. 

2. Apparatus for detecting ?aws in material compris 
ing means for moving said sheet of said material past 
a given point in a given direction, 

television camera means scanning across an image of 
said material in a direction substantially across the 
direction of movement of said material and produc~ 
ing an instantaneous electrical output indicative of 
light from said material, 

level detector means responsive to the output of said 
television camera means for producing an output 
thereof when the output of said television camera 
means substantially changes from a value indicating 
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light from acceptable material to a value produced 
by light from an imperfection in said material, 

said television camera means providing a ?rst repeti' 
tive scan in a direction across said image of said 
material in a ?rst given path, 

and means responsive to an output of said level de 
tector means for applying a signal from said televi 
sion camera means corresponding to a second path 
substantially parallel to said ?rst path but spaced 
therefrom as an additional input to said level indi 
cator means for exceeding the level thereof When 
the scan of said second path intersects an image of 
a ?aw extending at least the distance of the spacing 
between said ?rst and second paths. 

3. Apparatus for indicating ?aws in material com 
prising means for moving a sheet of said material past 
a given point in a given direction, 

television camera means scanning across an image of 
said material in a direction substantially across the 
direction of movement of said material and produc 
ing an instantaneous electrical output indicative of 
light from said material, 

detector means responsive to the output of said tele 
vision camera means for producing an output when 
the output of said television camera means changes 
to a value indicating an imperfection in said ma 
terial, 

a light source directed towards said material, 
light polarizer means positioned in a light path be 

tween said light source and said material and oriented 
to polarize the light thereof in a direction across 
said material and substantially parallel with the 
scanning direction of said television camera means, 

and second light polarizer means for receiving polar 
ized re?ection from said material, said second light 
polarizer means being located between said mate 
rial and said television camera means and also be 
ing oriented for polarization of light in a direction 
across said material and parallel to said scanning 
direction of said television camera means, 

said television camera means producing an output 
signal for application to said detector means hav 
ing an amplitude indicative of the roughness of the 
material being scanned, said roughness causing dis 
persion of the polarized light between said light 
polarizer means. 

4. Apparatus for detecting ?aws in material compris 
ing means for moving a sheet of said material past a 
given point in a given direction, 

television camera means scanning across an image of 
said material in a direction substantially across the 
direction of movement of said material and produc 
ing an instantaneous electrical output indicative of 
light from said material, 

detector means responsive to the output of said tele 
vision camera means for producing an output there 
of when the output of said television camera means 
signi?cantly changes from a value indicating light 
from acceptable material to a value produced by 
light from an imperfection in said material, 

counter means for substantially totaling the number 
of outputs from said detector means, 

and a plurality of actuator means, each responsive to 
a di?erent count of said counter means for classify 
ing said material for the purpose of grading said 
material according to flaw content. _ 

5. Apparatus for detecting ?aws in material com 
prising: 
means for continually moving strips of material in a 

direction lengthwise of said strips, 
television camera means for line scanning across each 

strip of material from one side to the other across 
the direction of movement thereof and producing 
an electrical signal varying in amplitude in accord 
ance with the light re?ection of said strip of mate 



3,389,789 
9 

rial as well as horizontal synchronization pulses at 
the end of each scan, 

level detector means for producing an output when 
the amplitude of the signal from said television 
camera means exceeds a predetermined value, 

gate means responsive to said level detector means for 
producing a gate signal during the occurrence of the 
line scan across the width of said material but not 
during the occurrence of said synchronization pulses, 

means responsive to the simultaneous presence of an 
output from said level detector means and from 
said gate means, and 

storage means operated by said means responsive to 
said simultaneous presence when said gate signal 
and said output of said level detector means occur 
simultaneously for giving a stored indication of a 
?aw in said material. 

6. Apparatus for detecting flaws in material com 
prising: 
means for providing movement of a strip of material 

in a direction along its length, 
a light source directed toward said material, 
television camera means for scanning across said strip 

of material from one side thereof to the other for 
producing an output whose value varies instantane 
ously in accordance with the light re?ected to said 
television camera tube from said material, 

successive scans of said television camera tube produc 
ing a raster of parallel scans with each displaced 
from the previous scan by a predetermined amount, 

?rst counter means for counting the number of scans 
and producing an output when a particular num 
bered ?rst scan is reached, 

gate means operated by said ?rst counter means for 
gating the video signal of said television camera, 
the amplitude of which varies in accordance with 
the ‘re?ection of light from said material during a 
particular scan, 

level detector means responsive to such gated output‘ 
when said output reaches a predetermined level, 
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10 
second counter means receiving the output of said 

level detector and itself producing an output when 
the number of outputs of said level detector reaches 
a predetermined value, 

plural actuator means responsive to different counts 
of said second counter means for classifying and 
sorting said material, and 

gate means between said second. counter means and 
various of said actuator means including inhibiting 
connections for preventing more than one said actu 
ator means from being responsive at a particular 
time. 

7. The apparatus according to claim 6 further includ 
ing means for receiving the count of said ?rst counter 
means and producing an output when said ?rst counter 
means produces an output indicative of a scan di?erent 
from said ?rst mentioned scan, 

said further means being responsive to an output of 
said level detector means when a ?aw is detected to 
cause application of video information occurring 
during a said second scan in a raster succeeding a 
?rst scan when a ?aw is detected to add said video 
information as an input to said level detector means. 

8. The apparatus according to claim 6 further includ 
ing mechanical transducers contacting said material and 
producing an additional count in said second counter 
means when a said mechanical transducer detects rough 
ness on the surface of said material. 
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