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(57) Le parcours optique entre une camera placee au
dessus d’un tapis transporteur et d objets se deéplacant sur
ledit tapis est corrige par deplacement d 'une pluralite de
miroirs qui deéfinissent au moins partiellement le
parcours optique. On manipule les miroirs en fonction de
la hauteur des objets de manicre a ce que la longueur du
parcours optique entre chacun des objets et la camera
soit, de maniere gencrale, i1dentique. Les nombreux
miroirs mobiles sont disposes autour d 'un point central et
situes a equdistance dudit pomnt. On deplace
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(57) The optical path between a camera positioned above
a conveyor and objects traveling on the conveyor 1s
adjusted by moving a plurality of mirrors that at least
partially define the optical path. The mirrors are
manipulated as a function of the height of the objects so
that the length of the optical path between each object
and the camera 1s generally the same. The plurality of
movable mirrors are equidistant from and arranged about
a central pomnt. The plurality of movable mirrors are
contemporaneously moved toward and away from the
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simultanément les nombreux miroirs mobiles en
direction du point central ou dans le sens oppose, de
maniere a ¢galiser la longueur du parcours optique.
Chacun des miroirs mobiles se déplace le long d’une
trajectoire de déplacement différente. Les trajectoires de
déplacement ne sont pas paralleles. Les nombreux
miroirs mobiles sont dispose€s de manicre a ce que le
parcours optique comporte une pluralit¢ de segments et a
ce qu’il existe au moins une intersection entre les
segments, qui soit decalée par rapport aux miroirs
mobiles.
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central poimnt to equalize the length of the optical path.
Each of the movable mirrors translates along a different
travel path. The travel paths are non-parallel. The
plurality of movable murors are arranged so that the
optical path includes a plurality of segments, and at least
one 1ntersection 1s defined between the segments distant
from the movable mirrors.
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(§7) Abstract

The optical path between a % 12

camcra positioned above a con- 440. A 30 /-\ 42 48 |,——"
\

| vevor and objects traveling on the I0
| conveyor is adjusted by moving /

a plurality of mirrors that at least
partially define the optical path.
The mirrors are manipulated as
a function of the height of the
objcts so that the length of the
opucal path between each object
and the camera is generally the
same. The pilurality of movable
mirrors are equidistant from and
arranged about a central point.
The plurality of movable mirrors
are contemporaneously moved to-
ward and away from the central
point to equalize the length of
the optical path. Each of the
movable mirrors translates along
| a different travel path. The travel
paths are non-parallel. The plu-
rality of movable mirrors are ar-
ranged so that the optical path
includes a plurality of segments,
and at least one intersection is de-
\ fined between the segments dis-
tant from the movable mirrors.
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"CONCENTRIC OPTICAL PATH EQUALIZER"

TECHNICAL FIELD

The present invention relates generally to optical
systems, and in particular to an optical system for equalizing the
length of an optical path defined between a camera and objects
traveling below the camera on a conveyor belt.

BACKGROUND OF THE INVENTION

In recent years, the use of camera systems or code
readers which are adapted to optically read labels containing alpha-
numeric or encoded information, such as bar codes or the like, has
become widespread. The growth in the use of such camera systems
or code readers has been particularly strong in the parcel delivery
industry, where information 1s printed on optically-readable labels
affixed to packages being shipped or transported. One example of a
modern optically-readable label 1s described i U.S. Pat. No.

4,874,936, which is incorporated herein by reference.

In order to optically read labels in an automated fashion,
the parcel delivery industry commonly uses "over the belt” camera
systems. In such systems an overhead camera captures images of



CA 02276774 1999-07-05

WO 98/30970 PCT/US98/00741

10

15

20)

30

35

labels on packages traveling on a conveyor belt below the overhead
camera. Typically these camera systems utilize charge-coupled
device ("CCD") cameras. Modern over the belt camera systems are
typically used with conveyor systems having belt widths of up to five
feet to accommodate packages of varying sizes and shapes, and belt
speeds of up to five hundred feet per minute.

Over the belt camera systems pose focusing challenges
for their cameras. In order to capture and create images of labels
containing alpha-numeric or encoded information, overhead camera
systems must be able to focus on the labels as they rapidly pass on the
conveyor belt. Packages traveling below an overhead camera often
have varying heights, so the distance between the overhead camera
and labels on the packages will change significantly. Often the height
of the packages will vary to such an extent that some labels fall
outside of the depth of field of the overhead camera, thereby
preventing the overhead camera from adequately focusing on those
labels.

Over the belt camera systems can also experience
distortion problems. It is typical for an overhead camera to take
"slices” of the image of a label as 1t passes below the camera. The
width of each slice 1s determined by the field of view across the
conveyor belt, and the length of each slice 1s determined by the
velocity of the belt. The "aspect ratio” 1s defined as the ratio of the
length of a slice to the width of a shice. It 1s important to keep the
aspect ratio constant to prevent images from becoming distorted. In
the parcel delivery industry, 1t 1s common for packages traveling on
conveyor belts below overhead cameras to be of varying heights.
Overhead cameras typically have a different field of view at
different heights (i.e., at different optical path lengths). As a result,
the "aspect ratio" varies between packages causing the images created
by the overhead camera to become distorted.

It 1s common to avoid certain focusing and distortion
problems in an over the belt camera system by adjusting the optical
path defined between the overhead camera of the system and the
packages passing under the camera. The optical path 1s. adjusted so



CA 02276774 1999-07-05

WO 98/30970 PCT/US98/00741

10

15

")()

e

35

that the length of the optical path defined between the camera and
each package is approximately the same (i.e., the length of the optical
path is equalized). U.S. Patent No. 5,185,822 discloses such an over
the belt camera system, wherein a movable pair of mirrors 31, 32
move relative to and are interposed between an overhead camera 20
and a stationary mirror 6. The movable pair of mirrors face each
other at an angle of 90 degrees and do not move relative to one
another. The stationary mirror reflects an 1mage of an object
carried by the conveyor to a first mirror 31 of the movable pair of
mirrors. The first mirror of the movable pair of mirrors reflects
the image of the object to a second mirror 32 of the movable pair of
mirrors. The second mirror of the movable pair of mirrors reflects
the image of the object to the overhead camera.

While the over the belt camera system of U.S. Patent
No. 5,185,822 functions to equalize the length of the optical path
defined between the camera and packages of varying heights, that
system can also be described in the context of changing the length of
the optical path defined between the camera 20 and a single,
stationary object, such as a package. In that context, the movable
pair of mirrors 31, 32 are together moved away from the stationary
mirror 6 and the camera to increase the length of the optical path
defined between the camera and the object. Also, the movable pair
of mirrors are together moved toward the stationary mirror and the
camera to decrease the length of the optical path defined between the
camera and the object. The resulting changes in the opuical path
length are equal to twice the change in the distance between the
stationary mirror and the movable pair of mirrors. Theretfore, to
substantially increase the optical path length, 1t 18 necessary to
substantially increase the distance between the stationary marror and
the pair of movable mirrors and/or increase the number of mirrors
interposed in the optical path. Increasing the number of mirrors
increases the complexity of the system, and either option for
increasing the optical path length consumes additional space.

U.S. Patent No. 5,485,263 discloses another over the
belt camera system, which includes an array of stationary mirrors 70
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and a movable pair of mirrors 60, 80, for equalizing the optical path
length defined between an overhead camera 20 and objects carried
under the camera by a conveyor. The movable pair of mirrors
move relative to one another and relative to the stationary array of
mirrors. The movable pair of mirrors are each individually moved
such that they together cooperate with a selected mirror of the
stationary array of mirrors. Each mirror of the stationary array of
mirrors 1s at a different distance from the movable pair of mirrors.

While the over the belt camera system of U.S. Patent
No. 5,485,263 functions to equalize the length of the optical path
defined between the camera 20 and packages of varying heights, that
system can also be described in the context of changing the optical
path length between the camera and a single, stationary object, such
as a package. Each mirror of the stationary array of mirrors 70 is at
a different distance from the movable pair of mirrors 60, 80 and
cooperates with the movable pair of mirrors to define a different
optical path length. A first mirror 60 of the movable pair of
mirrors directly receives an image from the object. That first
mirror of the movable pair of mirrors reflects the image of the
object to a first selected mirror of the stationary array of mirrors.
The first selected mirror of the stationary array of mirrors reflects
the image of the object to a second mirror 80 of the movable pair of
mirrors. The second mirror of the movable pair of mirrors reflects
the image to the camera. The optical path length 1s changed by
selecting and having the movable pair of mirrors cooperate with 4
second mirror the stationary array of mirrors. The change in the
optical path length is equal to twice the distance between the first and
second selected mirrors of the array of stationary mirrors. To
substantially increase the optical path length, 1t 1s necessary to
substantially increase the distance between mirrors and/or increase
the number of mirrors interposed in the optical path. Having
additional mirrors interposed in the optical path increases the
complexity of the system, and either option for increasing the optical
path length consumes additional space.
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In summary, prior optical path equalizers require
numerous mirrors in the optical path and/or substantial distances
between mirrors to compensate for substantial variations 1n package
heights. Having numerous mirrors interposed in the optical path
detrimentally increases the complexity and size of optical path
equalizers. Having substantial distances between mirrors of optical
path equalizers also detrimentally increases the size of optical path
equalizers.

There is therefore a need for an optical path equalizer
that can compensate for substantial variations in package heights

while occupying a small space and not requiring an excessive number
of mirrors.

SUMMARY OF THE INVENTION

In accordance with an exemplary embodiment. the
present invention provides an improved optical path equalizer that
compensates for substantial variations in package heights while
occupying a small space and not requiring an excessive number of
mirrors. The optical path equalizer of the present invention is in the
form of an optics assembly that includes a plurality of movable
mirrors that cooperate to at least partially define an optical path.
The plurality of movable mirrors are contemporaneously moved
toward and away from a central point to equalize the optical path
length defined between a camera and sequentially encountered objects
of varying heights.

While the present invention preferably functions to
equalize the optical path length defined between a camera and
sequentially encountered objects of varying heights, the present
invention can also be described in the context of changing the optical
path length between the camera and a single, stationary object. In
that context, the plurality of movable mirrors are contemporaneously
moved toward the central point to decrease the length of the optical
path, and contemporaneously moved away from the central point to
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increase the length of the optical path. Therefore, the present
invention provides for substantial adjustments to the length of an
optical path while occupying a small space and not requiring an
excessive number of mirrors.

More particularly, 1n accordance with the exemplary
embodiment of the present invention, the plurality of movable
mirrors are equidistant from the central point. Each of the movable
mirrors translates along a different travel path to adjust the optical
path, and the travel paths are non-parallel. The plurality of movable
mirrors are arranged so that the optical path includes a plurality of
segments, and at least one intersection that i1s distant from each
mirror of the plurality of movable mirrors 1s defined between
segments of the plurality of segments.

In accordance with the exemplary embodiment of the
present invention, the optics assembly (i.c., optical path equalizer) 1s
incorporated into an over the belt camera system that includes an
overhead camera that captures images of labels on packages traveling
on a conveyor below the camera. The optics assembly at least
partially defines and adjusts the optical path between the overhead
camera and the labels. Each movable mirror of the plurality of
movable mirrors 1s mounted to a carriage that travels upon a track.
The carriages are automatically translated toward and away from the
central point in response to measurements from a height sensor that
relate to heights of the packages. The carriages are translated so that
the length of the optical path defined between the camera and each
package 1s generally the same.

In accordance with the exemplary embodiment of the
present invention, the carriages are moved by a motor. Motor
movement 1s transmitted to the carriages by way of a transmission
system. The transmission system controls the movement of the
carriages so that they are contemporaneously moved toward and
away from the central point. In the exemplary embodiment, the
transmission system includes a plurality of belts and pulleys that are
arranged such that the plurality of movable mirrors are moved
toward the central point when the shaft of the motor 1s rotated i one
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direction, and away from the central point when the shaft of the
motor is rotated in the opposite direction.

Therefore, it is an object of the present invention to
provide an improved optical path equalizer.

Another object of the present invention 1s to provide a
compact and efficient arrangement of mirrors 1n an optical path
equalizer.

Still another object of the present invention 1s to provide
for substantial adjustments to an optical path while occupying a
relatively small space.

Still another object of the present invention 1s to provide
for large adjustments to an optical path with relatively small changes
IN MIrror positions.

Still another object of the present invention is to provide
for large adjustments to an optical path with relatively few murrors.

Still another object of the present invention 1s to capture
cenerally focused and undistorted images of information-encoded
labels that are attached to and traveling with packages of varying
heights.

Still another object of the present invention 1s to enhance
package handling operations in the parcel delivery industry.

Other objects, features, and advantageous of the present
invention will become apparent upon review of the following
description of embodiments and the appended drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an over the belt
camera system in accordance with an exemplary embodiment of the
present invention.

FIG. 2 is a schematic diagram of an optics assembly of
the camera system of FIG. 1.

FIGS. 3-4 are isolated, front pictorial views of the
optics assembly of FIG. 1.
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FIG. 5 1s an 1solated, rear pictorial view of the optics
assembly of FIG. 1.

FIG. 6 1s a partially cut-away, schematic view of an
optics assembly 1n accordance with a first alternate embodiment of
the present invention.

FIG. 7 1s a schematic diagram of an optics assembly in

accordance with a second alternate embodiment of the present
Invention.

DETAILED DESCRIPTION OF THE INVENTION

Turning now to the drawings 1in which like numbers
reference like parts in the several figures, FIG. 1 1s a schematic view
of an over the belt camera system 10 1n accordance with an
exemplary embodiment of the present invention. The camera system
10 1includes an optical system 12 disposed above a conveyor belt 14
and cooperating with a height sensor 16 to capture generally focused
and undistorted 1images of objects. In accordance with the exemplary
embodiment, the objects are information-encoded labels 18 on
packages 20 traveling on the conveyor belt 14. The optical system
12 includes a light source 22 that directs a light beam 24 to a iabel
18a. A lLight beam 26 1s reflected off of the label 18a and directed by
an optics assembly 42 (i.c., an optical path equalizer) to a detector 40
(c.g.. a charge-coupled device camera). The optics assembly 42
houses a plurality of movable mirrors 44a-c that are concentrically
arranged and cooperate to at least partially define an optical path 30.
The light beam 26 1s reflected by the mirrors 44a-c and follows the
optical path 30 defined thereby to convey the 1mage of the label 18a
to the detector 40. The mirrors 44a-c are contemporaneously moved
toward and away from a point 53 that 1s central to the mirrors 44a-c
to equalize the length of the optical path 30.

As depicted 1n FIG. 1, a plurality of objects or packages
20 move 1n the direction defined by the arrow 46 under the optical
system 12. Therefore, the detector 40 views packages 20 in
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succession. The present invention equalizes the length of the optical
path 30 when packages 20 of different height “H” pass under the
optical system 12. That is, in accordance with the exemplary
embodiment of the present invention, the optics assembly 42 adjusts
the optical path 30 so that the length the optical path 30 defined with
respect to the package 20a will be generally 1dentical to the length of
the optical path 30 defined with respect to the package 20b,
irrespective of the height difference between the package 20a and the
package 20b. This seeks to allow the detector 40 to capture focused
and undistorted images of labels 18.

The optical path 30 includes a pluraiity of segments. A
first (e.g., final) segment 32 extends to the mirror 44a, and 1s
depicted in FIG. 1 as extending between the label 18a and the mirror
44a. A second segment 34 extends between the mirror 44a and the
mirror 44b, and a third segment 36 extends between the mirror 44b
and the mirror 44c. A fourth segment 38 extends away from the
mirror 44c, and is depicted in FIG. 1 as extending between the
mirror 44c and the detector 40. While the optical path 30 1s the path
that light generated from the light source 22 and reflected by a label
18 follows. the optical path 30 exists irrespective of the light source
22. the detector 40, and an object to be viewed by the detector 40.
The mirrors 44a-c are arranged so that the optical path 30 1s
continuously defined during all movements of the mirrors 44a-c.

As depicted in Fig. 1, the optical path 30 includes a first
end 41 at the detector 40 and a second end 43 at the package 20a. As
also depicted in Fig. 1, the first segment 32 defines a vertical axus.
The second end 43 travels along that vertical axis in response to
variations in package 20 heights. As depicted 1n Fig. 1, since the
package 20a is aligned with the axis of the first segment 32, the
second end 43 of the optical path 30 1s at a first height (i.e., position)
“Ha” above the conveyor belt 14. However, when the package 20a 18
conveyed away from the axis of the first segment 32 and the package
20b is conveyed so that it is aligned with that axis, the second end 43
of the optical path 30 is at a second height (i.e., position) “Hb” above
the conveyor belt 14. The optical assembly 42 functions to equalize

PCT/US98/00741
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the length of the optical path 30 when the second end 43 of the
optical path 30 is changed from the first height “Ha” to the second
height “Hb” by concentrically and contemporaneously moving the
mirrors 44a-c toward the central point 58. Conversely, 1n a situation
5 1in which the package 20b precedes the package 20a, the optical
assembly 42 functions to equalize the length of the optical path 30
when the second end 43 of the optical path 30 1s changed from the
height “Hb” to the height “Ha” by concentrically and
contemporaneously moving the mirrors 44a-c away from the central
10 point 38.

Since the length of the optical path 30 preferably
remains generally constant irrespective of the height of the package
20 being viewed by the optical system 12, the optical path 30 can be
considered to be analogous to a tensioned, unstretchable string of

15 constant length. In this analogy, one end of the string 1$ connected to
the detector 40 and the opposite end of the string contacts one of the
packages 20. Accordingly, when the detector 40 15 viewing the
package 20a, the optics assembly 42 functions to accumulate excess
string, and when the detector 40 1s viewing the package 20b, the

20 optics assembly 42 functions to release at least some of the
accumulated string.

The movement of the mirrors 44a-c i1s controlled by a
processor 48 that cooperates with the height sensor 16 which
measures the height of the packages 20 as they pass under the optical

25 system 12. The processor 48 1s responsive to the height sensor 16
and at least partially facilitates movement of the mirrors 44a-c to
equalize the length of the optical path 30 when packages 20 of
different height pass under the optical system 12. The processor 43
further controls an illumination controller 50 that controls the light

30 source 22. The optical system 12 further includes a housing 52 that
defines an aperture 54 therethrough. The hght beams 24,26 pass
through the aperture 54. The height sensor 16, light source 22,
detector 40, processor 48, and illumination controller 50 are all
disclosed in U.S. Patent No. 5,485,263, which 1s expressly

35 1incorporated by reference, in its entirety.
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While the present invention preterably functions to
equalize the length of the optical path 30 when packages 20 of
different height pass under the optical system 12, the present
invention can also be described 1n the context of changing the length

5 of an optical path 30 defined between the detector and a single,
stationary package 20. In that context, the optical assembly 42
decreases the length of the optical path 30 by concentrically and
contemporaneously moving the mirrors 44a-c toward the central
point 58. Conversely, the optical assembly 42 increases the length of

10 the optical path 30 by concentrically and contemporaneously moving
the mirrors 44a-c away from a central point 58. Similarly, i1f the
optical path 30 were defined to be the optical path segment extending
between the detector 40 and the aperture 54 in the housing 52, then
the length of the so defined optical path segment 30 would vary 1n

15 response to the concentric and contemporaneous movement of the
mirrors 44a-c relative to the central point 38.

FIG. 2 is a schematic diagram of the mirrors 44a-c of
the optics assembly 42 (FIG. 1). The construction of each of the
mirrors 44a-c is generally identical. Therefore, throughout the

20 following discussion, reference to a mirror 44 should be understood
to be a reference to each of the mirrors 44a-c, unless expressly
indicated otherwise. As discussed in greater detail below, each
mirror 44 1s restricted to transitional movement along a different
travel path 56. Translational movement means that for a single

25  mirror 44, every point of that single mirror 44 moves parallel 1o,
and the same distance as, every other point of that single mirror 44
(i.c., nonrotational displacement). Each of the travel paths 56a-c 1s
straight, and the travel paths 56 extend radially from the central
point 58. The mirrors 44 are concentrically arranged about the

30 central point 58. Path angles 60 are defined between the travel paths
56. In accordance with the exemplary embodiment, each path angle
60 is approximately one hundred and twenty degrees. Retlection
angles 65 are defined between the segments 32, 34, 36 and 38 and the
travel paths 56. In accordance with the exemplary embodiment, each

35 reflection angle 65 is approximately 30 degrees. The mirrors 44 are
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also arranged such that the travel path 56a 1s collinear with the first
segment 32 of the optical path 30, and the travel path 56c¢ 1s collinear

with the fourth segment 38 of the optical path 30.
Each mirror 44 includes a generally planar reflective
5 surface 62 that faces generally toward the central point 58. For each
mirror 44, an orientation angle 64 1s defined between its reflective
surface 62 and 1ts travel path 56. In accordance with the exemplary
embodiment, the orientation angle 64a 1s approximately 105 degrees,
the orientation angle 64b 1s approximately 90 degrees, and the
10  ornentation angle 64c 1s approximately 105 degrees. The mirrors 44
are arranged so that the first segment 32 of the optical path 30
extends between the label 18 (FIG. 1) being imaged by the optical
system 12 (FIG. 1) and a central point on the reflective surface 62a
of the mirror 44a. The second segment 34 of the optical path 30
15 extends between the central point on the reflective surface 62a of the
mirror 44a and a central point on the reflective surface 62b of the
mirror 44b. The third segment 36 of the optical path 30 extends
between the central point on the reflective surface 62b of the mirror
44b and a central point on the reflective surface 62c of the mirror
20 44c. The fourth segment 38 of the optical path 30 extends between
the central point on the reflective surtace 62c of the mirror 44c and
the detector 40 (FIG. 1). The travel paths 56 and segments 32, 34,
36 and 38 of the optical path 30 extend in a common plane.
Therefore, the segments 32, 34, 36 and 38 of the optical path 30
25 1ntersect to define three intersections 63 that are displaced from the

mirrors 44.

' The central point on the reflective surtace 62 of each
mirror 44 1s a separation distance 66 from the central point 58. In
accordance with the exemplary embodiment of the present invention,

30 the separation distances 66a-c are always equal, and are adjusted to
equalize the length of the optical path 30 in order to compensate for
different package 20 heights. Referring also to FIG. 1, the processor
48 functions to change the separation distances 66 in response to
height measurements made by the height sensor 16 so that the length

35 of the optical path 30 remains generally constant irrespective of the
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height of the package 20 being viewed by the optical system 12. For
example, the separation distances 66 would be equal to a first value
when the optical system 12 is viewing the package 20a, and a second
value when the optical system 12 is viewing the package 20b which 1s
not as high as the package 20a. The second value would be smaller
than the first value so that the length of the optical path 30 for the

package 20a is generally equal to the length of the optical path 30 for
the package 20b.

While the present invention preferably functions to
equalize the length of the optical path 30 when packages 20 of
different heights pass under the optical system 12, as mentioned
above, the present invention can also be described 1n the context of
changing the length of the optical path 30. In that context, the
separation distances 66a-c are increased to increase the length of the
optical path 30 and decreased to decrease the length of the optical
path 30. A large adjustment to the length of the optical path 30 1s
achieved with a relatively small change in the separation distances
66. For example, when the mirrors 44 are arranged as depicted and
described with respect to FIG. 2, the change in the length of the
optical path 30 is equal to approximately 5.4641 times the change 1n
the separation distance 66. Therefore, if the separation distances
66a-c are each increased by 4 inches, the length of the optical path 30
is increased by approximately 21.8564 inches.

FIGS. 3 and 4 are front pictorial views of the optics
assembly 42, in accordance with the exemplary embodiment of the
present invention. Each mirror 44a-c is mounted within a mirror
assembly 68a-c, respectively. The mirror assemblies 68 and a motor
70 that moves the mirrors 44a-c are mounted to a support frame
(c.g., base plate 72) that serves as a frame of reference. Each of the
mirror assemblies 68a-c are generally identical. Therefore,
throughout the following discussion, reference to a mirror assembly
68 or the components thereof should be understood to be
representative of each of the mirror assemblies 68a-c and the
components thereof, unless expressly stated otherwise. Each mirror
assembly 68 includes a track 74 that is immovably mounted to the
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base plate 72. A separate carriage 76 travels on each track 74. Each
track 74 1s generally U-shaped in an end profile view thereof such
that 1t defines an elongated channel 78 that defines the travel path 56
(FIG. 2) of its respective carriage 76. Each channel 78 is generally
rectangular m an end view thereof. Each carriage 76 includes a slide
block 80 that has generally rectangular cross-sections and slides
within its respective channel 78 to provide the changes in separation
distances 66 (FIG. 2) discussed above. Each slide block 80 and its
respective track 74 are preferably components of a conventional
linear ball slide assembly that includes internal stops that prevent
separation of the slide block 80 from the track 74.

A lower mirror mount 82 1s mounted to and travels
with the upper surface of each slide block 80. Inner connecting rods
86 and an outer connecting rods 88 connect an upper mirror mount
84 to each lower mirror mount 82. Each lower mirror mount 82
includes a lower angled lip 90 extending away from its respective
slide block 80, and each upper mirror mount 84 includes an upper
angled hp 92 extending toward its respective slide block 80. The
opposite ends of each mirror 44 are secured between a lower angled
hp 90, an upper angled hip 92 and cooperating brackets 94. That is,
the upper edge of each mirror 44 1s sandwiched between an upper
angled hp 92 and a bracket 94, and the lower edge of each mirror 44
1s sandwiched between a lower angled lip 90 and a bracket 94.

Each mirror assembly 68 further includes a continuous
flexible drive belt 96. Each mirror assembly 68 further includes an
L-shaped bracket 98 that 1s securely mounted to its respective lower
mirror mount 82 and fitted with a bracket plate 100. A segment of
each drive belt 96 is immovably sandwiched and connected between
its respective L-shaped bracket 98 and bracket plate 100 such that
movement of the drive belts 96 causes the carriages 76 to move.
Each drive belt 96 extends around a drive pulley 102 and an idler
pulley 104. Each mirror assembly 68 further includes a shaft mount
106 that 1s mounted to the base plate 72. Each mirror assembly 68
additionally includes a drive shaft 108, which extends through the
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base plate 72 and the respective shaft mount 106, for dnving the
respective drive pulley 102.

FIG. 5 is an isolated, rear pictorial view of the optical
assembly 42, in accordance with the exemplary embodiment of the
present invention. Each of the drive shafts 108 extend through the
base plate 72. A drive pulley 110 is mounted to each drive shaft
108. A single continuous flexible drive belt 112 extends around the '
drive pulleys 110 and an idler pulley 114. The output shaft 116 of
the motor extends through the base plate 72 and 1ts mounted to a
drive pulley 118. A continuous flexible drive belt 120 extends
around the drive pulley 118, an idler pulley 122, and a drive puliey
124 which is concentrically mounted to the dnive pulley 110a 1n a
manner such that the drive shafts 108 rotate slower than the motor
shaft 116. In accordance with the exemplary embodiment of the
present invention, rotation of the motor shaft 116 causes rotation of
the drive shafts 108 such that each of the mirrors 44 move toward
and away from the central point 58 (FIG. 2) at an equal speed and
the separation distances 66a-b (FIG. 2) remain equal. The processor
40 (FIG. 1) controls the operation of the motor 70 1n response

“measurements made by the height sensor 16 (FIG. 1).

Referring to FIGS. 3-5, the pulleys 102, 104, 110, 114,
118, 122, 124; drive belts 96, 112, 120; shaft mounts 106: and dnive
shafts 108 can all be characterized as being part of an exemplary
transmission system. In accordance with alternate embodiments of
the present invention, the optics assembly 42 includes various
alternate transmission systems that are capable of providing the
above-described controlled movement of the mirrors 44. For
example, in accordance with one alternate embodiment, the
transmission system includes a plurality of worm gears.

FIG. 6. is a partially cut-away, schematic view of an
optics assembly 42’ in accordance with a first alternate embodiment
of the present invention. The alternate optics assembly 42° 1s
generally identical to the optics assembly 42 (FIGS. 1 and 3-5) of the
exemplary embodiment, except for the changes noted heremn and the
changes that would be understood by one reasonably skilled 1n the art
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in light of this disclosure. In accordance with the first alternate
embodiment, the drive belts 96 are more directly driven by the
motor shaft 116 such that certain components of the transmission
system of the exemplary embodiment of FIGS. 1-5 are not required.
However, 1n accordance with the first alternate embodiment of the
present mvention, pulleys can be used to modify the rotational ratio
between the motor shaft 116 and the drive belts 96 to modify the
speed of the mirrors 44 relative to the speed of the motor shaft 116.

FIG. 7. 1s a schematic diagram of an optics assembly
that includes only two movable mirrors 44, in accordance with a
second alternate embodiment of the present invention. The optics
assembly of the second alternate embodiment can be used in place of
the optics assembly 42 (FIGS. 1 and 3-5) in the camera system 10
(FI1G. 1) of the exemplary embodiment. The optics assembly of the
second alternate embodiment 1s generally identical to the optics
assembly 42 (FIGS. 1 and 3-5) of the exemplary embodiment, except
for the changes noted herein and the changes that would be
understood by one reasonably skilled in the art in light of this
disclosure.

The optics assembly of the second alternate embodiment
does not include the mirror assembly 68c (FIGS. 3-4), and the path
angle 60" defined between the travel paths 56’a.b has been decreased
to approximately ninety degrees so that the mirrors 44a,b are
concentrically arranged about the central point 58. The optical path
length 30" includes a first segment 126 extending between the mirror
44a and, for example, a package 20 (FIG. 1). The optical path 30’
further includes a second segment 128 defined between the mirror
44a and the mirror 44b, and a third segment 130 defined between the
mirror 44b and, for example, the detector 40 (FIG. 1). The mirrors
44a,b are arranged so that the separation distances 66’a,b remain
equal, the reflection angles 65° are approximately forty-five degrees,
and the orientation angles 64’ are approximately 112.5 degrees.
While the second alternate embodiment preferably functions to
equalize the length of the optical path 30’, it can also be described in
the context of changing the length of the optical path 30’. The
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change in the length of the optical path 30’ is equal to approximately
3.4142 times the change in the separation distances 66’a-b.

In accordance with other alternate embodiments that

operate under the same general principals as those disclosed above,
5 the present invention contains more than three concentrically

mounted mirrors. Those mirrors cooperate to at least partially

define an optical path defined with respect to packages. Those

mirrors are contemporaneously moved toward and away from a

central point to adjust the optical path so that the length of the optical
10  path is equalized for packages of varying heights.

The present invention has been described 1n relation to
particular embodiments which are intended in all respects to be
illustrative rather than restrictive. For example, 1t 1s not necessary
for the optics assembly 42 and other components of the camera

15 system 10 to be above a conveyor belt 14. For example, the camera
system 10 can be beside a conveyor belt 14 for reading labels 18 on
vertical sides of packages 20 that are at different distances from the
camera system 10. Thus, it is not necessary for the first segment 32
of the optical path 30 to be vertical. Other alternative embodiments

20 will become apparent to those skilled in the art to which the present
invention pertains without departing from the its spirit and scope.
Accordingly, the scope of the present invention is defined by the
appended claims rather than the foregoing description.

We claim:
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- CLAIMS
L. An optical system for equalizing a length of an optical path (30), said

optical path having a first path end at a detector (40) and a second path end at an object (20),
said optical system including a plurality of mirrors (44a, 44D, 44¢) movable relative to a
frame and cooperating to at least partially define said optical path, the improvement to said
optical system comprising:

said mirrors being operative for radial movement relative to a central point

(58) to equalize the length of said optical path in response to movement of said second path

end from a first position to a second position, wherein said radial movement of each of said

mirrors is translational relative to each of the other of said murrors.

2. The apparatus of Claim I,
wherein said first position is closer to said optical system than said second

position, and
wherein said optical system further comprises moving means (68, 70) for

contemporaneously moving said mirrors toward said central point to

equalize the length of said optical path when said second path end is moved from said first

position to said second position, and
contemporaneously moving said mirrors away from said central

point to equalize the length of said optical path when said second path end is moved from

said second position to said first position.

3. The apparatus of Claim 1,
wherein said optical path includes a plurality of segments, wherein at least

one intersection is defined between segments of said plurality of segments, said intersection

being distant from each of said mirrors, and
wherein a final segment of said plurality of segments extends from the

object and defines an axis, said second path end being movable along said axis.

4. The apparatus of Claim 1, wherein each of said mirrors is movable

along a separate straight path, whereby a plurality of straight paths are defined, and wherein
said paths of said plurality of straight paths are non-parallel.

J. The apparatus of Claim 1, wherein said plurality of movable mirrors

includes at least three movable mirrors.
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6. The apparatus of Claim I,
wherein each of said mirrors is generally equidistant from said central point,

and
wherein each of said mirrors includes a reflective surface that i1s oriented

generally toward said central point.

7. The apparatus of Claim 1, further comprising:

a motor (70); and
a plurality of belts (96) that are driven by said motor, wherein each of said

mirrors is connected to and travels with a segment of a belt of said plurality of belts.

8. The apparatus of Claim 1, further comprising:

a plurality of carriages (76), wherein each of said mirrors 1s mounted to &

carriage of said plurality of carriages; and
a plurality of tracks (74) mounted to said frame member, wherein each

carriage of said plurality of carriages movably associated with a track of said plurality of

tracks.

9. The apparatus of Claim 1, wherein the object is a label (18) on a

package being conveyed by a conveyor.

10.  The apparatus of Claim 9, further comprising:
a height sensor for measuring a distance relating to the height of the object;

and
a processor responsive to said height sensor to adjust the positions of said

mirrors to equalize the length of said optical path.

11.  An optical system for equalizing a length of an optical path (30), said
optical path having a first path end at a detector and a second path end at an object (20), said
optical system including a plurality of mirrors (44a, 44b, 44¢) movable relative to a frame
and cooperating to at least partially define said optical path, the improvement to said optical
system comprising:

said mirrors being operative for radial movement relative to a central point

(58) to equalize the length of said optical path in response to movement of said second path
end from a first position to a second position, wherein each of said murrors 1s movable along
a different travel path, said travel paths are non-parallel and each of said travel paths defines

an elongate distance.
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The apparatus of Claim 11, wherein said optical path includes a
plurality of segments and at least one intersection is defined between segments of said

plurality of segments, said intersection being distant from each of said mirrors.

13.  The apparatus of Claim 11, wherein said movement of each of said

mirrors is transiational relative to each of the other of said mirrors.

4.  The apparatus of Claim 11, wherein an angle of approximately ninety

degrees is defined between travel paths of said plurality of travel paths.

15.  The apparatus of Claim 11, wherein said travel paths are oblique.

16.  The apparatus of Claim 15, wherein an angle of approximately one

hundred and twenty degrees is defined between travel paths of said plurality of travel paths.

17.  The apparatus of Claim 11,
wherein the object is a label (18) on a package being conveyed by a

conveyor, and
wherein said optical system further comprises

a height sensor for measuring a distance relating to the height of the

object, and
a processor responsive to said height sensor to adjust the positions

of said mirrors to equalize the length of said optical path.

18.  The apparatus of Claim 11, wherein said plurality of movable murrors

comprises at least three movable murrors.

19.  The apparatus of Claim 11,
wherein each of said mirrors is generally equidistant from said central point,

and
wherein each of said mirrors includes a reflective surface that is oriented

generally toward said central point.
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— 20.  The apparatus of Claim 11,
wherein said first position is closer to said optical system than said second

position, and
wherein said optical system further comprises moving means (63, 70) for

contemporaneously moving said mirrors toward a central point to

equalize the length of said optical path when said second path end is moved from said first

position to said second position, and
contemporaneously moving said mirrors away from said central

point to equalize the length of said optical path when said second path end is moved from

said second position to said first position.

21 The apparatus of Claim 11, wherein said optical path includes a
plurality of segments, and a final segment of said plurality of segments extends from the

object and defines an axis, said second path end being movable along said axis.

-

22.  An optical system for equalizing a length of an optical path, said
optical path having a first path end at a detector and a second path end at an object,
comprising:

a frame member, and

a plurality of movable mirrors movably mounted to said frame member and

cooperating to at least partially define said optical path, said optical path including a plurality
of segments and said mirrors being configured to move such that at least one intersection 1S
defined between segments of said plurality of segments, said intersection being distant from
each of said mirrors, and said mirrors being configured to move such that a final segment ot
said plurality of segments extends from the object and defines an axis along which one of

said mirrors travels.

23.  The apparatus of Claim 22, wherein at least two intersections are

defined between segments of said plurality of segments, wherein each intersection of said

two intersections is distant from each of said mirrors.

24.  The apparatus of Claim 22, wherein at least three intersections are
defined between segments of said plurality of segments, wherein each intersection of said

three intersections is distant from each of said mirrors.
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25.  The apparatus of Claim 22,
wherein said first position is closer to said optical system than said second

position. and
wherein said optical system further comprises moving means for

contemporaneously moving said mirrors toward a central point to

equalize the length of said optical path when said second path end is moved from said first

position to said second position, and
contemporaneously moving said mirrors away from said central

point to equalize the length of said optical path when said second path end 1s moved from

said second position to said first position.

26.  The apparatus of Claim 22, wherein the object is a label on a package

being conveyed by a conveyer.

27.  The apparatus of Claim 26, wherein a first segment of said plurality

of segments is defined between the object and a first of said murrors,
wherein a second segment of said plurality of segments is defined between

the detector and a second of said mirrors, and
wherein said first segment intersects said second segment.

8.  The apparatus of Claim 26, further comprising:
a height sensor for measuring a distance relating to the height of the object;

and
a processor responsive to said height sensor to adjust the positions of said

mirrors to equalize the length of said optical path in response to movement of said second

path end from a first position to a second position.

29.  An optical system for equalizing a length of an optical path, said
optical path having a first path end at a detector and a second path end at an object (20), said
optical system including a plurality of mirrors (44a, 44b, 44¢) movable relative to a frame
and cooperating to at least partially define said optical path, the improvement to said optical
system comprising:

said mirrors being contemporaneously movable radially toward and away

from a central point (58) along travel paths having lengths to equalize the length of said
optical path in response to movement of said second path end from a first position to a

second position.
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— 30.  The apparatus of Claim 29,
wherein said first position is closer to said optical system than said second

position, and
wherein said optical system further comprises moving means (68, 70) for

contemporaneously moving said mirrors toward said central point to

equalize the length of said optical path when said second path end i1s moved from said first

position to said second position, and
contemporaneously moving said mirrors away from said central

point to equalize the length of said optical path when said second path end is moved from

said second position to said first position.

31.  The apparatus of Claim 29, wherein said mirrors at least partally

encircle said central point.

32.  The apparatus of Claim 29,
wherein each of said mirrors is generally equidistant from said central point.

and
wherein each of said mirrors includes a reflective surface that 1s oriented

generally toward said central point.

33.  The apparatus of Claim 29,
wherein the object is a label (18) on a package being conveyed by a

conveyor, and
wherein said optical system further comprises

a height sensor for measuring a distance relating to the height of the

object, and
a processor responsive to said height sensor to adjust the positions

of said mirrors to equalize the length of said optical path.

34,  The apparatus of Claim 29, wherein said optical path includes a

plurality of segments, and a final segment of said plurality of segments extends from the
object and defines an axis, said second path end being movable along said axis.

35.  The apparatus of Claim 29, wherein said plurality of movable murrors

comprises at least three movable mirrors.
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. 36. An optical path equalizer including a plurality of mirrors (44a, 44b,
44¢) movable relative to a frame and cooperating to at least partially define said optical path,

the improvement to said equalizer comprising:
said plurality of movable mirrors being mounted to said frame member for

movement along a corresponding plurality of travel paths having lengths and extending
radially relative to a central point (58), said mirrors cooperating to at least partially define an
optical path, said mirrors also being configured for contemporaneous movement along said
travel paths toward said central point to decrease a length of said optcal path, and said

mirrors also being configured for contemporaneous movement along said travel paths away

from said central point to increase the length of said optical path.

37. The apparatus of Claim 36, further comprsing means for
contemporaneously moving said mirrors toward said central point to decrease the length of

said optical path, and contemporaneously moving said mirrors away from said central point

to increase the length of said optical path.

38.  The apparatus of Claim 36, wherein said mirrors at least partially

encircle said central point.

39.  The apparatus of Claim 36,
wherein each of said mirrors is generally equidistant from said central point,

and
wherein each of said mirrors includes a reflective surface that is oriented

generally toward said central point.

40.  The apparatus of Claim 36,
wherein said optical path is defined between a detector disposed above a

conveyor and an object on the conveyer,
wherein the object is a label on a package, and

wherein said optical path equalizer further comprises
a height sensor for measuring a distance relating to the height of the

object, and
a processor responsive to said height sensor to adjust the positions

of said mirrors and thereby the length of said optical path.

41.  The apparatus of Claim 36, wherein said plurality of movable murrors

comprises at least three movable mirrors.
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42, An optical system for equalizing a length of an optical path. said
optical path having a first path end at a detector and a second path end at an object,
COmprising:

a frame member, and

at least three movable mirrors movably mounted to said frame member and

cooperating to at least partially define said optical path, each of said murrors being operative
for translational movement relative to each of the other of said mirrors to equalize the length

of said optical path in response to movement of said second path end from a first position to

a second position.

43.  The apparatus of Claim 42,
wherein said optical path includes a plurality of segments, wherein at least

one intersection is defined between segments of said plurality of segments, said intersection

being distant from each of said mirrors, and
wherein a final segment of said plurality of segments extends from the

object and defines an axis, said second path end being movable along said axis.

44,  The apparatus of Claim 42, wherein each of said mirrors is movable
along a separate straight path, whereby a plurality of straight paths are defined, and wherein

said paths of said plurality of straight paths are non-parallel.

45.  An optical system for equalizing a length of an optical path, said
optical path having a first path end at a detector and a second path end at an object,
comprising:

a frame member, and

at least three movable mirrors movably mounted to said frame member and

cooperating to at least partially define said optical path, wherein each of said mirrors 1s
movable along a different travel path to equalize the length of said optical path In response
to movement of said second path end from a first position to a second position, each of said

travel paths defines an elongate distance, and said travel paths are non-parallel.

46. The apparatus of Claim 45, wherein each of said murrors 1S

translational relative to each of the other of said mirrors.
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— 47 An optical path modifier, comprising:
a frame member, and
1t least three movable mirrors mounted to said frame member for movement

along a corresponding plurality of travel paths having lengths, said mirrors cooperating to at
least partially define an optical path, said mirrors also being configured for movement along

said travel paths toward a central point to decrease a length of said optical path, and said

mirrors also being configured for movement along said travel paths away from said central

point to increase the length of said optical path.

48.  The apparatus of Claim 47, wherein said movement of each ot said

mirrors is translational relative to each of the other of said mirrors.
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