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SPECULAR REFLECTION SUPPRESSION 
APPARATUS 

FIELD OF INVENTION 

This invention relates to an apparatus for enhancing 
the signal to noise ratio in the reading of diffuse re?ec 
tive media, and more particularly to such apparatus for 
blocking specular re?ections. 

BACKGROUND OF INVENTION 

In the early development of automatic reading ma 
chines the media, such as labels, read by the machines 
typically had to conform to very definite requirements 
such as size, registration marks, and contrast properties 
in order to insure that these relatively unsophisticated 
machines could recognize and distinguish the labels. As 
these machines have grown more sophisticated in sys 
tem design as well as in the design of optical and elec 
tronic components they have become capable of recog 
nizing and reading a wider range of labels. For exam 
ple, presently there are labels in use which consist of 
essentially gum backed white paper labels on which a 
code is printed in black ink by conventional printing 
techniques or even by computer print-out devices. 
Such labels are extremely desirable for they not only 
begin with an inexpensive paper label which is easily 
available and not a special item but they are printed in 
expensively and can even be printed by a computer. 
This latter feature is signi?cant in many applications 
such as inventory control where the inventory, orders, 
purchases, shipments, billing, etc. are all “computer 
ized” on the same computer system which can print 
labels as an integral part of its overall control of the 
?ow of goods. 
Such paper labels are typically regarded as diffuse re 

?ecting surfaces. However, it has been determined that 
while usually 90 percent or more of incident radiation 
is re?ected diffusely, a signi?cant amount, anywhere 
from a few tenths of a per cent or less to ten per cent 
or more, of the incident radiation is specularly re 
?ected. This small but signi?cant amount of specular 
re?ection has introduced a major source of error into 
the system causing a number of labels to be missed or 
misread. This is so because under certain conditions 
when the label, scanning beam and receiver are in a 
particular orientation the specular re?ection may be 
re?ected directly back to the receiver. Since the specu 
lar re?ection is only a small part of the re?ection this 
may not seem such a serious problem. But it is. For the 
specular re?ection is highly e?icient; most of it will be 
re?ected to the reader. The diffuse re?ection, by its na 
ture, is not e?icient and less than half, typically, only 
0.1 to 0.0! percent, of the diffuse re?ection may actu 
ally reach the reader. Thus, in many cases the specular 
re?ection reaching the reader can overwhelm the de 
sired diffuse re?ection and distort the label reading. 
The problem is even greater when strong ambient light 
such as sunlight is present in which case the specular 
re?ection received by the receiver can actually be 
greater than the diffuse re?ection. The problem is also 
apparent when the background of the label, i.e., the 
surface of the object, produces specular re?ection such 
as is the case with metal objects. This problem exists 
regardless of the color of the labels or contrasted cod 
ing. In a typical black on white label the inked black 
surface has been found to give greater specular re?ec 
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tion than the uninked white surface presumably be 
cause the ink ?lls the paper pores and makes the sur 
face smoother. The initial reaction after the source of 
the problem is discovered is to rearrange the reader so 
that the specular re?ection cannot be received by it. 
This is not a workable solution because typically: the 
size and working requirements of the reader will not 
permit it; existing equipment and structures at the site 
will not permit it; the ambient light is so strong that 
specular reflection is high in all arrangements; the pro 
cess of precisely aligning the equipment to avoid the 
specular re?ections is tedious and time consuming as is 
the continuing monitoring required to maintain the 
alignment and the objects are apt to be in any number 
of different orientations as they pass the reader. 

SUMMARY OF INVENTION 

It is therefore an object of this invention to provide 
a simple, inexpensive, extremely reliable apparatus for 
blocking specular re?ections which is easy to install 
and maintain. 

It is a further object of this invention to provide such 
apparatus which blocks the specular re?ections. 

It is a further object of this invention to provide, in 
a system for reading diffuse re?ective media, apparatus 
for increasing the signal to noise ratio relative to diffuse 
and specular re?ections. 
The invention results from the discovery that there is 

a sufficient amount of specular re?ection from diffuse 
re?ective media and environs to cause, under certain 
conditions, erroneous readings and the realization that 
specularly re?ected radiation maintains the same po 
larization in the re?ected ray as it had in the incident 
ray so that by using polarized light of a ?rst polarization 
to scan the label a polarizing element can be set to 
block light of that polarization while passing light of 
other polarization thereby blocking the specular re?ec 
tions derived from the scanning beam but passing a 
substantial portion of the diffuse re?ections. 
The invention features apparatus for suppressing 

specular re?ection adapted for use in a system for read 
ing a diffuse re?ective label. The apparatus includes a 
source of polarized radiation having a ?rst polarization 
and means for providing relative motion between the 
label and polarized radiation for scanning a diffuse re 
?ective label with the polarized radiation of the ?rst 
polarization. There are means for receiving diffusely 
re?ected radiation having random polarization and 
specularly re?ected radiation having the ?rst polariza 
tion. Polarizing means are provided for selectively 
blocking specular re?ections having the ?rst polariza 
tion and passing radiation having other polarization for 
increasing the signal to noise ratio of the diffusely re 
?ected radiation to the specularly re?ected radiation. 

DISCLOSURE OF PREFERRED EMBODIMENT 

Other objects, features and advantages will occur 
from the following description of a preferred embodi 
ment and the accompanying drawings, in which: 

FIG. I is a diagrammatic representation of a system 
for reading a diffuse re?ective label including appara 
tus according to this invention for blocking specular re 
?ections from the label or the background surrounding 
the label; 
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FIG. 2 is a diagrammatic representation similar to 
that shown in FIG. 1 showing more speci?cally the re 
?ected radiation returning from the label; and 

FIG. 3 is a diagrammatic representation of a system 
similar to that shown in FIGS. 1 and 2 using circularly 
polarized radiation. 
The apparatus for blocking specular re?ections ac 

cording to this invention may be used in a system for 
reading a diffuse re?ected label which is either located 
on a background or in an environment from which 
there are signi?cant specular re?ections or in which the 
label itself produces signi?cant specular re?ections or 
both. A beam of linearly polarized light is provided ei 
ther by a polarized laser or an unpolarized laser or any 
other unpolarized light source with a polarizing ele 
ment provided at its output. The linearly polarized 
beam is directed to strike the diffuse re?ective label 
that is to be read. The return beam re?ected from the 
label contains randomly polarized diffuse radiation re 
?ected from the label plus it may also contain signi? 
cant amounts of specular re?ection from the label or 
from the background surrounding the label. The specu 
lar re?ection is not randomly polarized but rather is po 
larized in the same way as was the scanning beam from 
the laser. The return beam and other radiation coming 
from the area of the label is received by the reader 
through some receiving means which may include a lin 
ear polarizing unit and may also include a lens and ap 
erture or slot. The linear polarizing unit is oriented with 
its polarization axis transverse to the polarization axis 
of the linearly polarized light constituting the scanning 
beam. Typically, for optimum results the polarization 
axis of the polarizing element will be orthogonal to that 
of the polarization axis of the scanning beam. Thus, the 
polarizing element will block any radiation having a po 
larization axis which is the same as that of the scanning 
beam. Specular re?ection causes the return beam to 
have the same polarization as the incident beam. 
Therefore, since the specular re?ection will return po 
larized in the same way as the incident scanning beam 
the polarizing element oriented with its polarization 
axis orthogonal to that of the polarization axis of the 
scanning beam will effectively block all of the specular 
re?ections returning from the label and the surround 
ing area. Diffuse re?ections having random polariza 
tions will be attenuated by approximately 50 percent by 
the polarization element, but the remaining portion of 
the diffuse re?ection, which is passed by the polarizing 
element, will be essentially free of the specular re?ec 
tion due to the blocking action of the polarizing ele 
ment. 

Alternatively, a quarter wave plate and a linear polar 
izing element or a source of linearly polarized radiation 
may be used to produce circularly polarized radiation 
for the scanning beam. The return beam will then con 
tain specular re?ections which are circularly polarized 
and diffuse re?ections which are randomly polarized. 
Submission of the return beam to a quarter wave plate 
having the opposite rotation to that of the circular po 
larization of the return beam produces an output from 
the quarter wave plate which is linearly polarized and 
oriented so as to bisect the slow and fast axes of the 
quarter wave plate. Following this, in the return beam, 
a linear polarizing element, having its polarization axis 
transverse to, or optimally, orthogonal to, the axis of 
polarization of the linearly polarized light produced at 
the output of the quarter wave plate, will effectively 
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4 
block all of the circularly polarized light in the return 
beam. Since any specular re?ection will contain the 
same polarization as the incident beam, in this case cir 
cular, specular re?ection would be essentially blocked. 
However, diffuse re?ection having random polarization 
passes through the quarter wave plate maintaining its 
random polarization and then encounters the polariz 
ing element which attenuates approximately half of the 
randomly polarized diffuse re?ections and passes the 
remaining portion. 

In one embodiment, FIG. 1, an object 10 bearing a 
label 12 moving in the direction of arrow 14 is scanned 
by scanning beam 16 moving upwardly in the figure as 
shown by arrow 18. Beam 16 may be generated by a 
light source, such as laser 20, which produces light po 
larized as indicated by the arrows 22. If an unpolarized 
source is used, a polarizing element 24 may be placed 
at the output of the source to produce the proper linear 
polarization. Scanning beam 16 from laser 20 strikes 
mirror 26 from which it is re?ected to one of a number 
of mirrors 28 on the periphery of a rotating wheel 30 
which rotates in the clockwise direction as shown by 
arrow 32. After striking any particular mirror 28', 
beam 16 is re?ected out through an aperture 34 to 
label 12. Return beam 36 is essentially coincident with 
scanning beam 16 from the label to mirror 26 via a mir 
ror 28. In FIG. 1 the scanning beam 16 has been em 
phasized over the return beam 36 while in FIG. 2 the 
converse is true. Beyond mirror 26 return beam 36 
passes through lens 38 and then through linear polariz 
ing element 40 having its axis of polarization trans 
verse, and optimally orthogonal, to that of the polariza 
tion axis of scanning beam 16 as indicated by arrows 
42. The output from polarizing element 40 is delivered 
to a photosensor 44 which is connected to pulse shap 
ing and amplifying circuits and ?nally to decoding cir 
cuits for decoding the information coded on label 12. 

Typically, laser 20 may have a beam diameter of 
0.040 inch so that mirror 26 may be very small, on the 
order of a tenth of an inch in diameter. Since lens 38 
may be approximately 2 inches in diameter, mirror 26 
affords a very small loss of the light collected from the 
returning beam. Alternatively, mirror 26 may be re 
placed by a partially reflecting mirror or prism or by a 
larger mirror having a small hole in the center through 
which the scanning beam can pass. Although polarizing 
element 40 is shown between lens 38 and photosensor 
44 this is not a limitation of the invention as the polariz 
ing element 40 may be placed anywhere in the system 
where it will affect the return beam but not the scan 
ning beam such as between lens 38 and mirror 26, for 
example. 
The operation of the system with respect to the re 

turn beam may be more clearly understood with refer 
ence to FIG. 2 where the return beam 36 has been em 
phasized over the scanning beam 16 except in the area 
between mirror 26 and laser 20. There are two types of 
radiation associated with return beam 36: the specular 
re?ection linearly polarized in the same way as the 
scanning beam 16, as shown by arrows 22, and the dif 
fuse re?ection which is randomly polarized, as indi 
cated by the bundle of arrows 50. When the specular 
re?ection, polarized as indicated by arrows 22, strikes 
crossed polarizing element 40 whose polarization axis 
is orthogonal to the polarization axis, indicated by ar 
rows 22, that specular re?ection, having the linear po 
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larization axis as indicated by arrows 22, is blocked and 
does not pass through polarizing element 40. However, 
the randomly polarized radiation striking crossed po 
larizing element 40 is discriminated: the portion of the 
randomly polarized radiation which is orthogonal to 
the axis of polarization element 40, ie, parallel to the 
axis of polarization of the scanning beam, as indicated 
by arrows 22, is blocked. The remaining portion of the 
randomly polarized radiation, which is aligned with the 
axis of polarization of polarizing element 40, is passed, 
as indicated by arrow 50', and is subsequently detected 
by photosensor 44. 
Thus, specular re?ection produced by the label or 

surrounding area, derived from the return beam 36 and 
directed back to the reader system, will be blocked in» 
sofar as that specular re?ection maintains the same po 
larization axis as imposed on the scanning beam and 
which the polarizing element 40 has been oriented to 
block. The randomly polarized radiation in the return 
beam derived from the diffuse re?ections will pass 
through the polarizing element with only approxi 
mately a 50 percent loss. Therefore, while only approx 
imately half of the useful information in the randomly 
polarized diffuse re?ections is lost or is atentuated, ef 
fectively all of the specular re?ections, derived from 
the incidence of the scanning beam on the label and the 
surrounding area, is blocked. Typically, commercially 
available linear polarizing elements having an attenua 
tion rate of 1,000 to 1 are not uncommon. 
Although thus far the illustrative embodiments of 

FIGS. 1 and 2 have described a system using a linearly 
polarized scanning beam, this is not a necessary limita 
tion of the invention, for as shown in FIG. 3, a form of 
elliptically polarized radiation such as circularly polar 
ized radiation may be used for the same purpose. Cir 
cularly polarized radiation is regarded as a form of el 
liptically polarized radiation in which the major and 
minor axis are equal and linearly polarized light may be 
considered as a form of elliptically polarized radiation 
in which one of the axes is zero. Circularly polarized 
light may be produced using a laser or other light 
source 20 and ?rst subjecting the beam to a linear po 
larizing element 60 and then submitting the linearly po 
larized beam to a quarter wave plate 62 such that the 
axis of linear polarization of the beam bisects the slow 
and the fast axes of the quarter wave plate. The circu 
larly polarized beam 16 is then re?ected as before off 
of mirror 26, scanner wheel 30 and out aperture 34 to 
label 12. The return beam 36 contains two types of ra 
diation associated with it: diffuse re?ections having 
random polarization as indicated by the bundle of ar 
rows 50 and specular re?ection having circularly polar 
ized radiation as indicated by circles 66. For purposes 
of this example, the circular polarization of the return 
beam 36 is, arbitrarily, shown as a left-handed or coun~ 
ter-clockwise polarization. When the return beam con 
taining the randomly polarized, arrows S0, and circu 
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6 
larly polarized, circles 66, radiation passes through lens 
38 it first strikes a quarter wave plate 68 or other circu 
lar polarizing element. The circularly polarized radia 
tion derived from the specular re?ection is converted 
by the quarter wave plate 68 to linearly polarized radia 
tion with its polarization axis oriented to bisect the 
angle between the slow 70 and fast 72 axes of quarter 
wave plate 68. This linearly polarized radiation is indi< 
cated by arrow 74; when the randomly polarized radia 
tion, indicated by the group of arrows 50, derived from 
the diffuse re?ections encounters quarter wave plate 
68 it passes through and emerges as still randomly po 
larized radiation, as indicated by the group of arrows 
50. However, both the linearly polarized radiation 70, 
indicated by arrow 74, and the randomly polarized ra 
diation, indicated by bundle of arrows 50, is next sub 
mitted to a linear polarizing element 76 having its po 
larization axis, as indicated by arrows 78, transverse or, 
optimally, orthogonal to the direction of the polariza 
tion axis of the radiation emerging from quarter wave 
plate 68 derived from the circularly polarized radiation 
in the return beam. Thus, the linear polarization radia 
tion indicated by arrow 74 derived from the circular 
polarization in the return beam 36 is totally blocked by 
polarizing element 76 and does not reach photosensor 
44. However, the randomly polarized radiation, indi 
cated by group of arrows 50, when submitted to polar 
izing element 76 is only partially attenuated so that the 
radiation, having an axis of polarization parallel to that 
of polarizing element 76, is passed while the remainder 
is not. Thus, this arrangement too decreases the radia 
tion associated with the specular re?ections effectively 
to zero while it attenuates the radiation associated with 
the diffuse re?ections by a factor of approximately two, 

Other embodiments will occur to those skilled in the 
art and are within the following claims: 
What is claimed is: 
l. in a system for reading a diffuse re?ective label, 

apparatus for suppressing specular re?ections compris 
mg: 
a source of polarized radiation having a first circular 

polarization; 
means for providing relative motion between the 

label and the polarized radiation for scanning a dif 
fuse re?ective label with said polarized radiation of 
said first circular polarization, and; 

means for receiving diffusely re?ected radiation hav 
ing random polarization and specularly re?ected 
radiation having said ?rst circular polarization in 
cluding polarizing means for selectively blocking 
specular re?ections having said ?rst circular polar 
ization and passing radiation having other polariza 
tion for increasing the signal to noise ratio of the 
diffusely re?ected radiation to the specularly re 
?ected radiation. 
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