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(57} ABSTRACT

A rotatable drum is arranged around a surface lying
generally parallel to the axis of rotation, a plurality of
bar code patterns, the individual bars making up each
pattern extending normal to the rotational axis. A light
beam in a plane is projected onto the surface, the plane
lying generally parallel to the rotational axis such that
light strikes the surface. A light beam also in a plane is
reflecied from the surface, the beam having relatively
light and relatively dark regions corresponding to the
particular bar code patterns upon which the projected
beam is imaged. The reflected beam is passed through a
cylindrical lens which fans the reflected beam into a
wedge shaped beam projecting onto an object in the
path of the beam successive bar patterns as the drum
rotates.

16 Claims, 1 Drawing Sheet
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1
OPTICAL PATTERN GENERATION TECHNIQUE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion: matter printed in italics indicates the additions made

by reissue.

The Government has rights under this invention pur-
suant to Contract No. [1,04230-84-D-09297] 104230-84-
D-0929 awarded by the United States Postal Service.

BACKGROUND OF INVENTION

1. Field of Invention

This invention is concerned with techniques for pro-
ducing a plurality of optical patterns and more particu-
larly with a technique for rapidly changing the optical
patterns.

2. Description of the Prior Art

There is a need to image multiple optical patterns on
an object for the purpose of ranging to the object. The
ranging is useful, for example, in robotics applications
where it is desired to know the distance from one ob-
ject, such as a robot arm, to an object to be manipulated
thereby. Typically the patterns in such an imaging sys-
tem are bar codes with varying spatial frequencies from
one pattern to another. One prior art solution to create
such bar code patterns is the use of a film projector and
an endless film strip with successive film frames having
different optical patterns. The problem with such a
system is that the film projector, having many mechani-
cal parts, quickly wears out and the film, typically
mylar film, breaks.

A second solution is the use of a light modulator such
as a liquid crystal array. This has the distinct advantage
over the film projector-film arrangement in that there
are no moving part. However, liquid crystals change
optical patterns only relatively slowly and the types of
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liquid crystal arrays suitable for creating optical images 44

are very expensive, of the order of fifty thousand dol-
lars.

SUMMARY OF THE INVENTION

A system for imaging, on an object, a plurality of 45

different bar codes 1n succession, comprising in combi-
nation, a rotatable drum having an axis of rotation and
having a face parallel to the axis of rotation, the face
including a plurality of bar code patterns, each compris-
ing relatively reflective portions alternating with rela-
tively nonreflective portions, the bars lying at right
angles to the axis. The system further includes means
for projecting on said bar patterns a light beam in a
plane, the plane being parallel to the axis and means
receptive of the light pattern in the form of a plane
reflective from the drum for fanning out the beam into
a wedge shaped image of bars corresponding to the bars
on the face, whereby, as the drum rotates, successive
- bar code patterns are tmaged on an object in the path of
the wedge shaped image.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s an optical pattern generation system in
accordance with a preferred embodiment of the present
invention; and

FIG. 2 i1s a plan view of a portion of FIG 1 useful in

illustrating positional and angular relationship of certain
parts of FIG. 1.
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DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

Referring now to FIG. 1, a drum 10 is rotatable about
axis 12 by a motor 14 in the direction of arrow 16. On
the face 18 of drum 10, which is parallel to axis 12, are
positioned a plurality of different bar patterns 20, five
such patterns, 20-1, 20-1 . . . 20-5 being illustrated by
way of example. Each pattern comprises a plurality of
alternating relatively reflective elongated bars such as
22 and relatively nonreflecting elongated bars such as
24. The bar patterns are oriented such that the length
dimension of the individual bars i1s normal to axis 12.

A source 30 of a narrow collimated beam of light
directs the light beam 32 toward and through a cylindri-
cal expanding lens 34 having an axis 36. Source 30 may
typically take the form of a laser light.

A cylindrical lens has a curvature in one direction
only which causes a light beam directed toward and in
the direction normal to axis 36 to fan out in one direc-
tion only, that direction being normal to axis 36 as indi-
cated by beam 38. The beam lies substantially in a plane
(not shown) which is normal to axis 36. The only thick-
ness of beam 38 normal to the plane, that is, parallel to
axis 36, is the thickness of the beam emerging for source
30, altered by any distortion in lens 34.

Beam 38 strikes surface 18 of drum 10 along dotted
line 40. As illustrated in FIG. 1 line 40 is in line with axis
12. Turning for a moment to FI1G. 2, the relative posi-
tions of axis 12 and line 40 (each illustrated as a point in
FIG. 2) is illustrated along with the angle & 38 impinges
on drum 10 relative to a plane illustrated as a dashed line
42 passing through axis 12 and line 40. A typical angle
8 1s 20°.

Returning to FIG. 1, beam 38, upon striking surface
18, reflects off surface 18 in accordance with the pattern
upon which beam 38 impinges. The reflected beam 44
lies substantially in a single plane passing through lines
46 and 48 marking the upper and lower surfaces of the
pattern on face 18 (as illustrated in FIG. 1). It will be
realized that, due to the cylindrical shape of surface 18,
and due to the fact that beam 38 has some width, beam
44 does not lie entirely in a plane but rather is somewhat
wedge shaped. The angle of the wedge depends on the
thickness of beam 32 and the diameter drum 10. The
thicker the beam 33 and/or the smaller the diameter, the
longer will be the size of the wedge in beamn 44.

A second expanding cylindrical lens 50 having axis 52
is positioned to intercept beam 44. Axis 52 1s parallel to
face 18 and to line 40. Referring momentarily to FIG. 2,
the relationship of beams 38 and 44 and the relationship
of cylindrical lens S0 and more particularly axis 32
thereof (illustrated as a point in FIG. 2) in relation to
line 40 and axis 12 is illustrated. In particular the beam
44 is reflected from surface 40 at an angle @ relative to
center line 42. Beam 44 upon passing through lens 50
fans out into a wedge shaped beam generally illustrated
as 60 and impinges on any object in its path. A transpar-
ent plate 62 is illustrated for purposes of drawing clar-
ity. Typically object 62 would be opaque and of some
thickness, a magazine or a newspaper being an example
of a typical object. The pattern appearing on object 62
at any particular time corresponds to the particular
pattern 20 upon which beam 38 ts impinging at that
particular instant in time. The pattern appearing oOn
object 62 may be wider or narrower in the direction

indicated by double ended arrows 66 than is the width
of pattern as appearing on drum 10. The dimension 1n
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the direction of double ended arrow 66 will depend on
the distance that object 62 is from lens 50, the further
away the object the larger will be the image as appear-
ing on object 62. A television camera 70 is arranged to
receive a reflective image from object 62. Camera 70 is
portioned, for example, in line width drum 10 and at an
angle ¢=20° relative to object 62 (see FIG. 2), al-
though the exact placement is not critical. Camera 70 or
associated electronics contains synchronizing circuitry
70’ the purpose of which is to control the television
frame rate at which camera 70 views the patterns on
object 62, a rate of 30 frames per second being typical.
That same synchronizing circuitry 70’ is also connected
to a motor control 80. The output of motor control 80,
is in turn, coupled to motor 14 to control its rotational
speed and therefore the speed of drum 10. A line 82 and
pick up circuit 84 determine the rotational position of
drum 10. The output of pick up circuit 84 is also con-
nected to motor control 80 via terminals 84’ and 84".
The connection is not shown for drawing clarity.

In operation the speed of motor 14 and thus of drum
10 is synchronized to the frame rate of camera 70 such
that when camera 70 is viewing object 62 a bar pattern
such as that illustrated is being projected onto object 62
and when camera 70 is in the blanking interval between
frames, beam 38 is directed to surface 18 at a position
between successive patterns. The angular position of
drum 10 is determined by pick up circuit 84 and line 82.

Because of the position of lenses 34 and S0 and source .,

30 relative to drum 10 and object 62, camera 70 always
views a stationary bar pattern on object 62, the pattern
changing only during the blanking interval of the cam-
era. Utilizing information provided due to the changing
bar patterns as drum 10 rotates, equipment (not shown)
can determine the distance of object 62 from some arbi-
trary location such as from camera 70 for purposes of
enabling object 62 to be thereafter manipulated in some
desired fashion.

What 1s claimed 1s;

1. A system for imaging, on an object, a plurality of
different bar code patterns in succession, comprising in
combination:

a rotatable drum having an axis of rotation and hav-
ing a face generally parallel to said axis of rotation,
said face including a plurality of bar code patterns
arranged around said face, each pattern comprising
relatively reflective portions alternating with rela-
tively nonreflecting portions, the successive reflec-
tive and nonreflective portions lying along a line
generally parallel to said axis;

means for projecting, onto said face, a light beam in a
plane, the plane being parallel to the axis; and

means receptive of the light pattern in the form of a
plane reflected from the drum corresponding to the

pattern of bars for fanning out the beam into a
wedge shaped image of bars corresponding to the
bars on said face whereby as said drum rotates
successive bar code patterns are imaged on an ob-
ject in the path of said wedge shaped image.

2. The combination as set forth in claim 1 wherein
saild means projecting a light beam comprises a source
of collimated light and a cylindrical lens, said source
directing said [said] light to said cylindrical lens, the
light output of said lens lying in said plane.

3. The combination as set forth in claim 1 wherein
said means receptive of said light patterns comprises a
cylindrical lens.
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4. The combination as set forth in claim 2 wherein
said means receptive of light patterns comprises a sec-
ond cylindrical lens.
S. The combination as set forth in claim 1 further
including means for receiving images of said bar code
patterns reflected from said object as said drum rotates.
6. The combination as set forth in claim 5 wherein
sald means receiving 1mages of said bar code patterns
[ comprising ] comprises a television camera.
7. The combination as set forth in claim 6 wherein
said rotatable drum further includes a motor for rotat-
ing said drum and wherein said system further includes
means correlating the speed of said motor with the
frame rate of said television camera such that when the
transition from one bar code pattern to the next is im-
aged on said object, said television camera is in its
blanking interval.
8. A system for imaging, on an object, a plurality of
different bar code patterns in succession, comprising in
combination:
pattern means including a plurality of bar code patterns
arranged thereon, each pattern comprising first por-
tions having a first optical characteristic alternating
with second portions having a contrasting optical char-
 acteristic, said pattern means being movably mounted
for passing said plurality of patterns in succession
through a plane when said pattern means is moved,
each said pattern being arranged so that its mutually
contrasting portions pass simultaneously through said
plane;
means for projecting a two-dimensional light beam in
said plane toward said pattern means for creating a
two-dimensional light beam upon which Is superim-
- posed said pattern; and

means for recetving, from said pattern means, said two-
dimensional light beam with said superimposed pat-
tern for forming said two-dimensional light beam with
its superimposed pattern into a three-dimensional
wedge-shaped beam and for projecting said wedge-
shaped beam onto said object.

9. A system for imaging, on an object, a plurality of
different bar code patterns in succession, comprising in
combination;

pattern means including a plurality of bar code patterns

arranged thereon, each pattern comprising relatively
light portions alternating with relatively dark portions,
said pattern means being rotatably mounted for pass-
ing said plurality of patterns in succession through a
plane when said pattern means is rotated, each said
pattern being arranged so that its relatively light and
relatively dark portions pass simultaneously through
said plane;

means for projecting a light beam in said plane to said

pattern means, and

means receptive of the light pattern in the form of a

plane from said pattern means corresponding to the
pattern of bars for fanning out the beam into a wedge
shaped image of bars corresponding to the bar code
patterns on said patiern means, whereby as said pat-
tern means rotates, successive bar code patterns are
imaged on an object in the path of said wedge shaped
image.

10. The combination as set forth in ciaim 9 wherein said

pattern means includes a drum having a face on which are

located said patterns.

11. The combination as set forth in ciaim 9 wherein said
means projecting a light beam comprises a source of colli-
mated light and a cylindrical lens, said source directing
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said light to said cylindrical lens, the light output of said
lens lying in said plane.

12. The combination as set forth in claim 9 wherein said
means receptive of said light patterns comprises a cylindri-
cal lens.

13. The combination as set forth in claim 11 wherein
said means receptive of light patterns comprises a second
cylindrical lens.

14. The combination as set forth in claim 9 further
including means for receiving images of said bar code
patterns reflected from said object as said pattern means
rotates.
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15. The combination as set forth in claim 14 wherein
said means receiving images of said bar code patterns
comprises a television camera.

16. The combination as set forth in claim 15 wherein
said pattern means further includes a motor for rotating
said pattern means and wherein said system further in-
cludes means correlating the speed of said motor with the

frame rate of said television camera such that when the

transition from one bar code pattern to the next is imaged
on said object, said television camera is in its blanking

interval.
| & = 3 x
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