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ABSTRACT OF THE DISCLOSURE 

A scanning device for the detection of defects in woven 
material in which light is re?ected from illuminated ma 
terial to two photosensitive devices connected in opposi 
tion and balanced to respond with equal sensitivity to the 
re?ected light, one of the devices being sensitive to re 
?ected light which passes through a defect in the mate 
rial to and from a back re?ector behind the material 
being examined. 

BRIEF SUMMARY OF THE INVENTION 

This invention relates to a photoelectronic arrangement 
for scanning material strips, particularly strips of textile 
fabric, for the purpose of determining defects in the fab 
ric caused, for example by the breaking of a thread or 
of a needle. For the purpose of such detection in plain 
woven material it is known to periodically move an op 
tical head transversely above the material, said head com 
prising a lamp and a photoelectronic receiver. Upon oc 
currence of a defect caused, for instance, by the break 
ing of a thread or by a defective needle, a dark longi 
tudinal line occurs at this point of the material which line 
is detected by the photoelectronic arrangement. 
The afore-described method of detecting defects, how 

ever, is not operative when the fabric is made of threads 
of different colors, for example when it is constituted as 
a white material having dark longitudinal lines. In such 
cases, the contrast of the darker threads with respect to 
the brighter base material may then be a multiple of the 
defect contrast. It will then be impossible for the photo 
electronic arrangement to distinguish the intended black 
lines from defect lines. 

It has already been proposed to utilize for the purpose 
of detecting defects, an increased light transmitting qual 
ity of the material at the defective point. This may be 
effected by placing, at the scanning point, a highly re 
?eeting material underneath the material to be examined 
and that that portion of the light re?ected through the 
defect is utilized to trigger the defect signal. However, this 
method can only be applied successfully with large de 
fects causing a broad gap in the fabric. With many kinds 
of textile fabric, a defective region allows only very 
little light to pass through it, so that here, too a reliable 
discrimination between defect and pattern is impossible. 
The invention is based on the known utilization of so 

called back re?ectors constituted by re?ecting material 
underneath the strip of textile fabric. It is known that 
back re?ectors re?ect the light directed onto them only 
in the direction of incidence. The surface of the ma 
terial to be examined however, may be regarded as a 
diffuse re?ector uniformly re?ecting the light directed 
thereon in the solid angle 21r. With relatively compact 
material, the diffuse radiation re?ected in the optical head 
is dominant and accordingly the signal is modulated by 
the dark or bright lines in the material. 

According to the invention, this undesired modulation 
is eliminated by the use of two bridge connected photo 
electronic transducers. 

The invention contemplates a photoelectronic defect 
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monitoring apparatus, particularly for monitoring woven 
material strips including a light sensitive scanning device 
for scanning the material strip in a transverse direction 
and comprising a back re?ector placed underneath the 
material strip to be monitored. The monitoring arrange 
ment is characterized, according to the invention, by the 
provision of two light detectors the outputs of which are 
connected in a bridge or differential connection, one of 
said light detectors being responsive only to the diffuse 
light re?ected by the material strip, the second light de— 
tector being responsive, with the same sensitivity, as the 
?rst light detector to the light diffusely re?ected by the 
material strip and further being arranged in autocollima 
tion with respect to the light source, and thereby also 
responsive to the light re?ected by the back re?ector. 
When the material is without defect, the same diffusely 

re?ecting radiation is directed onto both light detectors 
which are photoelectronic transducers and no signal oc 
curs at the output of the bridge connection. In case of a 
defect, the transducer in the autocollimation radiation path 
additionally receives the light passing through the defect 
and again re?ected back, and the bridge is correspondingly 
tuned out and generates a defect signal. 
With glossy material consisting of threads of different 

thickness and possibly different cross-section, it is pos 
sible that because of the different angles of observation 
of the two receivers, a difference in signal occurs even 
with faultless material because of a radiation direction 
ally re?ected .by the material. This may be prevented by 
an arrangement in which both receivers observe the mate 
rial at the same angle and wherein the separation of ma 
terial re?ection and re?ector radiation is effected in a non— 
geometrical manner. According to a further aspect of the 
invention, this is effected by the use of polarization ?lters. 
The vibration direction of the light re?ected by the back 
re?ector, arranged underneath the material strip to be 
monitored is not changed thereby, whereas the radiation 
re?ected by the material is dispersed and the polarization 
nulli?ed. 

Preferably, the arrangement is designed such that both 
light detectors are arranged in autocollimation with respect 
to the light source and the light source emits polarized 
light, and at least before one light detector there is 
arranged a polarizing device which polarizes perpendic 
ularly to the polarization device of the light source. 

However, it is also possible to provide a polarization 
device before each light detector, the polarization devices 
polarizing perpendicularly with respect to each other. 

If a polarization device is arranged only before one light 
detector, a means is employed through which the output 
signal of that light detector before which no polarization 
device is arranged, upon admittance with stray light, oc 
curs with the same intensity as the signal supplied by the 
other light detector before which there is arranged the 
polarization device. Polarization devices polarizing per 
pendicularly to one another may also be provided before 
both light detectors, whereby it is insured that both light 
detectors respond with the same intensity to the diffusely 
re?ected light. 
The light re?ected by the back re?ector may be accord 

ingly received by one transducer only, whereas the light 
re?ected by the material being examined is received by 
both transducers. Thus a tuning-out of the bridge is 
effected only by the light passing through a defect in the 
material being examined. 
The polarization ?lter oriented parallel to the polarizer 

and placed in front of the light transducer for the polarized 
re?ected light may be omitted. In this case a light divider 
is used having a re?ectionztransmission ratio of approx. 
0.67:0.33 so as to obtain on both receivers equal intensity 
of the non-polarized radiation. 
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BRIEF DESCRIPTION OF THE DRAWING 

FIGURE 1 is a diagrammatic illustration of an arrange 
ment according to the invention with geometrically sepa 
rated transducers; > 
FIGURE 2 shows the material to be examined; and 
FIGURE 3 shows a modi?ed arrangement with polariza 

tion ?lters. 

DETAILED DESCRIPTION 

A beam emitted by a lamp 1 is de?ected by a semi-re 
?ecting mirror 2 and is focused by a lens 3 onto a mate 
rial strip 4 which is to be examined for defects. A back 
re?ector 5 composed of re?ecting material is placed under 
neath the material strip 4. The back re?ector re?ects light 
directed thereon in the direction of incidence and with the 
same vibration direction, i.e. polarization direction. Such 
material is well known and per se forms no part of the 
invention, other than its novel incorporation in the over 
all arrangement. The back re?ector may be a foil known 
as Scotchlite which is a re?ective foil consisting of glass 
pellets partially embedded in a synthetic resin material 
and backed with a mirror. 
The light re?ected by the re?ector 5 is re?ected in the 

direction of transmission and thus, after passing through 
the mirror 2, arrives at a photoresistance 6. The photo 
resistance 6 also receives a part of the light diffusely 
strayed in all directions by the material via lens 3. The 
light diffusely strayed in all directions by the material 4 
also passes through the lens 3 to the photoresistancc 7. A 
diaphragm 9 serves for controlling the transmitted beam. 
The photoresistances 6 and 7 are connected in opposition 
in a balanced bridge and a signal will occur at output ter 
minals of the bridge only when the photoresistances 6 and 
7 are irradiated differently, i.e. when light passes through 
the material 4 due to the presence therein of a light 
passing defect 4". Thus when no defect is present in mate 
rial 4 the values of photoresistances 6 and 7 will be equal 
and thereby the bridge will be balanced and the output 
equal to zero. When a defect is present in the material, the 
light re?ected by re?ector 5 will pass only to photoresist 
ance 6 together with the dilfusely strayed light from the 
material 4. Thereby the values of photoresistances 6 and 
7 will be unequal and the bridge will be unbalanced where 
by an output signal will be produced at terminals 8. 

In FIG. 2 a material 4 with dark lines 4' and a defect 
4" is shown. 

In the arrangement according to FIG. 3 the need for 
angular olfset of photoresistance 7 is avoided and the 
photoresistances 6 and 7 are both arranged in autocol 
limation with the light source and thereby scan the same 
region of the material 4 at the same angle. In FIG. 3 
a polarization ?lter 10 is arranged in front of the lamp 
1. In the receiving radiation path there is further pro 
vided a semi-re?ecting mirror 13 which directs approxi 
mately 50% of the re?ected light to the photoresistance 7 
while the remainder arrives at the photoresistance 6. In 
front of the photoresistance 6 is an analyzer 12 having a 
transmission direction which corresponds to that of the 
polarizer 10. Accordingly, approximately half of the radia 
tion diffusely re?ected by the material 4 to the lens 3 is re 
ceived by the photoelectric transducer 6 which, in case of 
a defect 4", also receives that part of the radiation re 
?ected polarized by the re?ector 5. The transducer 7 has 
an analyzer 11 positioned in front thereof which polarizes 
light in a direction perpendicular to that of analyzer 12 and 
receives about 50% only of the radiation diffusely re 
?ected by the material 4 in the direction of the lens 3. The 
light re?ected by re?ector 5 is polarized in a direction per 
pendicular to analyzer 11 and therefore this light is 
blocked by the analyzer and is unable to reach photoelec 
tric transducer 7. 
The analyzer 12 may be omitted if the re?ectionztrans 

mission ratio of the radiation divider 13 is selected to be 
approximately 0.67:0.33. In such case, the light intensity 
on the transducers 6 and 7 will be equal. 
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What is claimed is: 
1. Apparatus for detecting defects in woven material 

strips comprising photoelectric scanning means for exam 
ing material for defects, and a back re?ector disposed 
beneath the material to be examined, said back re?ector 
re?ecting the light directed thereon in the direction of 
incidence and with the same polarization direction as the 
incident light, said scanning means comprising a light 
source for irradiating the material to be examined, ?rst 
and second light sensitive means positioned to receive 
light re?ected from the irradiated material and coupled 
together in opposition to provide zero output under the 
in?uence of light re?ected diffusely from said material, 
only one of said light sensitive means being responsive to 
light re?ected from the back re?ector due to the existence 
in the material of a light passing defect, said other light 
sensitive means being responsive to light diffused by the 
material, whereby the coupled ?rst and second light sensi 
tive means will produce an output signal when said defect 
is irradiated. 

2. Apparatus as claimed in claim 1 wherein said ?rst 
and second light sensitive means respond with equal sensi 
tivity to the light re?ected from the material. 

3. Apparatus as claimed in claim 1 wherein said one 
of the light sensitive means is arranged in autocollima 
tion with respect to the light source to receive the ligt re 
?ected by the ‘back re?ector. 

4. Apparatus as claimed in claim 3 wherein said other 
of said light sensitive means is angularly offset from said 
one light sensitive means to be out of the path of the light 
re?ected by the back re?ector. 

5. Apparatus as claimed in claim 1 wherein said ?rst 
and second light sensitive means are in autocollimation 
with the light source, said apparatus comprising means for 
polarizing the light emitted by said source before the light 
irradiates the material to be examined, and a polarizing 
device arranged in the path of the light beam to said other 
of the light sensitive means, said polarizing device having 
a polarizing direction perpendicular to the direction of 
polarization of said polarizing means whereby the re?ected 
light from the back re?ector will be prevented from reach 
ing said other light sensitive means. 

6. Apparatus as claimed in claim 5 comprising a second 
polarizing device, the latter being arranged in the path 
of light re?ected to said one light sensitive means, said 
second polarizing device having the same polarizing direc 
tion as said polarizing means. 

7. Apparatus as claimed in claim 5 comprising a radia 
tion divider in the path of the re?ected light for trans 
mitting a portion of the light to the ?rst light sensitive 
means and for re?ecting a portion of the light to the sec 
ond light sensitive means. 

8. Apparatus as claimed in claim 7 wherein said second 
light sensitive means is said other of the sensitive means 
and the radiation divider has a re?ectionztransmission 
ratio of approximately 

9. Apparatus as claimed in claim 1 comprising a bridge 
connecting said ?rst and second light sensitive means and 
having a balanced state when the ?rst and second light 
sensitive means receive only diffusely re?ected light from 
the irradiated material. 

10. Apparatus as claimed in claim 9 wherein each said 
light sensitive means is a photoelectronic transducer. 
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