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IMAGING SYSTEM HAVING ANAMORPHIC MAGNIFICATION

TECHNICAL FIELD

The present invention felates fo an imaging system e,mplqying}ana_morphiq_,
magnification, and more particularly, an imaging system that optimizes and enhances the
resolution of a sensor array within the imaging system by impr,éving' the resolution.
therein along a preferred direction.

BACKGROUND

Various electro-optical systems have been developed for reading optical indicia,
such as barcodes. A barcode isa coded pattern of graphical indicia comprised of a series
of bars and spaces of varying widths, the bars and spaces having differing light reﬂecﬁng
characteristics. Some of the more popular bar code symbologics include: Uniform
Product Code (UPC), typically used in retail stores sales; Code 39, primarily used in
inventory tracking; and Postnet, which is used for encoding zip codés for U.S. mail.
Systems that read and decode bar codes employing charged coupled device (CCD) ot
complementary metal oxide semiconductor (CMOS) based imaging systems are typically
referred to hereinafter as imaging systems, imaging-based bar code readers, imaging
readers, or barcode scanners.

Imaging systems electro-optically transform the graphic indicia into electrical
signals, which are decoded into alphanumerical characters that are intended to be

descriptive of the article or some characteristic thereof. The characters are then typically
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represented in digital form and utilized as an input to a.data processing system for various

end-user applications such as point-of-sale processing, inventory centrol, and the like,

Imaging-based bar. code reader systems that include CCD, CMOS, or other:
imaging configurations comprise a plurality of photosensitive elements (photosensors) or
pixels typically aligned in an array pattern that could include a number of arrays. The:
imaging-based bar code reader systems typically employ light emitting diodes (LEDs) or
other light sources for illuminating a target object, e.g., a target bar code. Light reflected
from the target bar code is typically focused 'th’roughwa lens of the imaging system onio
the photosensitive array. As a result, the focusing lens projects an image of an object of
interest within the field-of-view (FOV) onto the pixel array. Periodically, the pixels of
the array are sequentially read out, creating an analog signal representative of a captured
image frame. The analog signal is amplified by a gain factor, by for example an
operational amplifier or microprocéssor. The amplified analog. signal is digitized by an
analog-to-digital converter. Decoding circuitry of the imaging system processes the
digitized signals rcpresentative of the captured imagé frame and attempts to decode the

imaged bar code.

SUMMARY
One example embodiment of the present disclosure includes an imaging system
having a lens assembly adapted for imaging a target object. The lens assembly comprises
a base imaging lens assembly for providing optical power 1o project an image of an
object of interest onto a photosensitive array of an imaging system. The lens assembly
further comprises an anamorphic lens assembly comprising first and sccond toroidal

lenses adapted for positioning between the base imaging lens assembly and a sensor array
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of an imaging system such that the projected image from the base imaging lens assembly
is anamorphically magnified before impinging onto the sensor array along first and
second directions. The anamorphic magnification in'the first direction differs from the
magnification in the second direction. An image of the object of interest project onto the
photosensitive array appears noticeably elongated along the first dircction relatively to
the second direction or vise versa.

Another example embodiment of the present disclosure includes a method for

enharicing the resolution of an image projected upon a'sensor arrdy in an imaging system:.

The steps comprise providing a scanning arrangement having a sensor atray for receiving

an image projected by a base imaging lens assembly with a positive optical power from

an object of interest with said base imaging lens assembly toward the sensor array. The
method further comprises modifying the opriéal power from the base imaging lens
assembly with at least one toroidal lens toward the sensot array and'modifying the oplical
power with anamorphic magnification generated by the at least one toroidal lens so that
the optical power along a first direction projected onto the sensor array differs from the
optical power along a second direction projected onto the sensor-array.,

A further example embodiment of the present disclosure inchides a method for
enhancing the resolution of an image projected upon a sensor array in an imaging system.
The method comprises the steps of providing a scanning means having a sensor array for
receiving an image reflected from a target object and producing optical power to project
the image of the target object with at least one base imaging lens toward the sensor array.
The method further comprises modifying the optical power from the base imaging lens

with at least one light transmilting means toward the sensor array. The modifying the
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‘optical power comprises providing anamorphic magnification from the light transmitting

means.so that the optical power along a first direction projected onto the sensor array’
differs from the optical power along a second direction projécted onto the sensor array.
Yet a further example embodiment of the present disclosure includes an imaging

system for imaging and .de_codi.ng a target barcode located on an object of interest

‘comprising a scanning arrangement having a photosensitive array for receiving an image

reflected from an object of interest and a lens assembly for modifying the projected

image prior to its impingement upon the photosensitive array. The lens assembly

‘comprises a base imaging lens assembly having first and second spherical lenses for

providing optical power for the base imaging lens, The first spherical lens is positioned

inthe imaging system between the target'object and the second spherical lens. The lens

'a'ssembly further comprises an anamorphic lens assembly comprising first and second
toroidal lenses adapted for poesitioning betweén the second spherical lensand the sensor
array of the imaging system such that the projected image received from the base imaging
lens assembly is anamorphically magnified toward the sensor array along first and second
directions, the anamorphic magnification in the first direction differs approximately 1.5

to 3.0 times from the anamorphic magnification in the second direction.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other features and advantages of the present invention will
become apparent to one skilled in the art to which the present invention relates upon

consideration of the following description of the invention with reference to the
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accompanying drawiiigs, wherein like reference numerals refer to like parts throughout
the fd‘rawin.g_“sziand' in which:

FIG., 1 is a perspective view of a portable imaging rcader constructed 1n
accordance with one embodiment of the disclosure, imaging a target object located on a
product or product’s packaging;

FIG. 2 is'a perspective view of a presentation-type imaging reader constructed in

‘accordance with another embodiment of the disclosure, imaging a target object located on

‘a product or product’s packaging;

FIG. 3 is a parfial-sectional-side view of a portable imaging reader imaging a
target object in which the image plane is substantially normal to an optical axis of the
portable imaging reader;

FIG. 4 is a partial-sectional-side view of a portable imaging reader imaging a

target object in which the image plane is at an angle other than normal to an optical ‘axis

of the portable imaging reader, reducing the resolution received by the imaging sensor
located therein;

FIG. 5 is-a partial-sectional-side view of a portable imaging reader imaging a
targel object'having a lens configuration cqnstnxcted in accordance with one example
embodiment of the present disclosure;

FIG. 6 is a partial-sectional-top view of the portable imaging reader imaging a
target object having the lens configuration of the example embodiment constructed in
F IG. 5

FIG. 7 is an isometric view of the lens configuration illustrated in the example

embodiments constructed in FIGS, 5 and 6;
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FIG. 8 is anillustrative exaniple. of a field-of-view of an optical system having
symmetrical ma gniﬁcatioh;

FIG. 9 is anvillustralive example-of 4 fleld-of-view of an optical system of one
example embodiment constructed in accordance with the present disclosure having an

-asymmetrical magnification;

]

FIG. 10 is an illustrative example of an image received on a pixel grid projected
overa sensor array of an optical system having symumietrical magnification;

FIG. 11 is an illustrati've-example— of a'image received on a pixel grid projected
over a senor array of an optical system of one éxample embodiment construciedin

10 accordance with the present disclosure having asymmetrical magnification;

FIG. 12 is an illustrative example of ahrim,age received on a pixel grid projected
over.a sensor array of an optical systém of ancther example embodiment constructed in
accordance with the present disclosure having asymmetrical magnification;

F.IG. 13 is a perspective view of a first anamorphic lens in a first keying feature

15 constructed in acéordance with one émbodiment of the present disclosure;

FIG. 14 is'an end view of the first anamorphic lens in the first keying feature of
FIG. 13;

FIG. 15 is a perspective view of a second anamorphic lens in a second keying
feature constructed in accordance with another embodiment of the present disclosure;

20 FIG. 16 is a first end view of the second anamorphic lens in the second keying
feature of FIG. 15; |

FIG. 17 is a second end view of the second anamorphic lens in the second keying

feature of FIG. 15;
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FI1G. 18 is an assembly view of first and second keying features supporting first
and second anamorphic lenses, respectivély of FIGS. 13°and 15;

FIG. 19-is 4n assembly view of firstand second keying features supporting first
and second anamorphic lenses, respectively of FIGS. 13 and 15 oriented in guide
apertures of a chassis of an imaging systcm relative to the location of a sensor array; and

FIG..20 is a block diagram illustrati‘hgsanf-ana‘m‘c)r:phibma‘gnifibaﬁon,im’ag‘ing

process in accordarice with one embodiment of the presént disclosute.

DETAILED DESCRIPTION

“The present invention relates to an ‘imaging system 10 emj:lo,ying} a lens.assembly
with anamorphic magnification. The imaging system 10 optimizes and enhances the'
resolution of a sensor array located within the imaging sys‘te'm by improving the
resolution therein along a preferred direction.

In one example embodiment of the present disclosure, the imaging system 10 isa
portable imaging reader 12 employing anamorphic magnification, as illustrated in FIG. 1.
In yet another example embodiment of the present disclosure, the imaging system 10 is a
bi-optic or presentation-type imager 14 having anamorphic magnification, as illustrated
in FIG. 2.

The portable imaging reader 12 employs an internal power source such as a
battery, but could just as casily be a reader having a wire connection from which power is
supplied, or remotely powered through an induction system without departing from the
spirit and scope of the claimed invention. In addition to imaging and decoding 1D and

2D barcodes, the imaging systems 10 are also capable of capturing soft and hard images,
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signature imaging acquisition and identification systems, optical character:recognition
systems; fingerprint identification systems, and the like.
Referring again to FIG.. 1, the portable imaging reader 12 is imaging an item of

interest 16 such as a generic product having a target object 18 in any known readable

form of indicia, including barcodes, signature patterns, soft barcodes, and the:like. The

portable imaging reader 12 includes:a handle 20, adapted for gripping by an operator

during use. The imaging reader 12 further comptises a housing 22 that supports a letis

assembly 24 and scanning arratigement 26 therein, The lens assembly 24 focuses a field-

of-view (FOV) into a camera 28 located within the scanning arrangement 26:

In the illustrated embodiment, the camera’s field-of-view (FOV) is enabled for
imaging the target object 18 when the operator engages a trigger 30 located on the handle
20. However, it is noted that in another example embodiment, the imaging reader 12 is
automatically cnabled without the need of operator intervention or activation of a trigger.

The presentation-type imager 14 of FIG. 2 further comprises a housing 22 that
supports a lens assembly 24 and scanning arrangement 26 therein. The lens assembly 24
prujects objects within the field-of-view (F OV) onto a camera 28 having a photosensitive
array located within the scanning arrangement 26. In the illustrated embodiment of FIG.
2, the presentation type imager 14 comprises both vertical and horizontal scanning
arrangements 26.

The scanning arrangement 26, including the camera 28 comprises a scan engine,
such as a CCD or CMOS imaging configuration. The scan engine’s imaging
configuration typically comprises a plurality of photosensitive elements (photosensors) or

pixels typically aligned in an array pattern that could include a number of arrays,
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(hereinafter photosensor, photosensitive array, or sensor array 32); as best seen'in FIGS. -
3-7. InFIGS. 3 and 4, light reflected from the target ohject 18 is projected by a focusitig
assembly onto the senor artay 32. The light reflected from th target object 18 ontothe
sénsor array 32 can‘include ambient light, or alternatively, enhanced lighting from an
illumination source (not shown) such as'a light emitting diode (LED) or bank of LEDs
operable with the imaging reader 12. However; it should be noted that other known
artificial light sources can equally be used.

The focusing assembly 34 gencrates an image from its field-of-view that is
projected.onto the sensor array 32. Periodically, the pixels of the sensor array 32 of the
camera 28 are sequentially read-out, creating an analog signal representative of a
captured image frame. The analog signal is amplified by -a gain factor, by for example,
an operational amplifier or microprocessor that can be either internal or external to the
scanning arrangexﬁen‘t 26. The amplificd analog signal is digitized by an analog-to-
digital (“A/D”) converter. Decoding circuitry and the A/D converter can also be internal
orexternal to the scanning arrangement 26 and accordingly process the digitized signals
representative of the captured image frame and attempts to decode the target object 18.

Referring again to FIGS. 3 and 4 are partial-sectional side views, of a portable
imaging reader 36. InFIG. 3, the portable imaging reader 36 is imaging a target object in
which the image plane (d) is substantially normal to an optical axis (O/A) of the portable
imaging reader. As a result, the imaging reader’s field-of-view (FOV) covers the entire
target object, utilizing substantially the entire sensor array 32 in the camera 28 as

illustrated by the ray tracings in FIG. 3.
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In the instances illustrated in F1G. 3,it is desirable to have the FOV large at the
near-distance of the exit window 37 of the scannier so that the FOV covers the entire
target object 18. However, in many scanning and imaging applications, for example, bi-
optic (FIG. 2), presentation-scanning, and non-no¥mal scanning (illustrated in FIG. 4), the

image resolution on the sensor array 32 is reduced because the target object 18 is rcad at

@ substantial angle represented by psi () (the image plane (d) being at some angle other

than-normal to the optical axis (O/A) of the imaging reader or “Field Angle”). Stated

another way, the reduced resolution of the imaged target object. 18-will appear as a

different size on the sensor array 32 if imaged on axis versus at the edge of the field.

This reduced resolution is best explained in conjunction with FIG. 4 in which the image
plane (d) is reduced 10 (d”) by the cosine of the angle psi (), as shown by the reduced
image projected on the sensor array 32 (when compared with FIG. 3) by the amount
illustrated by Equation 1.

d'=d * cos (V) Equation (1)

This reduced resolution is problematic when trying to image high-density target
objects, such as high-density barcodes. The relative size of the object within the FOV
changes as a cosine of psi ( y ), which causes the object to appear smaller within a given
FOV.

In general, the working range or ability to image target objects 18 is limited by the
imaging optics and the amount of pixels in the sensor array 32. The system parameter
that describes the ratio between the smallest imaged space of the barcode 18 to the

number of pixels at the sensor array 32 is pixels per module (PPM). The PPM being

10
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undesirably reduced by the cosine y factor when'the target object 18 plane is at a Field

Angle yother than normal to the optical axis (O/A).

By constructing a lens assembly 40, illustiated in FIGS. 5-7 that delivers
ananiorphic magnification, the imaging reader’s resolution improves for imaging in a
préferred direction, overcoming the above problems, allowing-imaging of high-density
barcodes, bi-optic applications, and imaging object planes at a Ficld Angle y from the
optical-axis (O/A) of the imaging readers 12, 14. In particular; the imaging lens with
anamorphic magnification increases the PPM in a prefeired direction to compensate for
the reduction in PPM resulting from the Field Angle 'y, ificreasing the number of pixels
used on'the sensor array-32 to'sample the barcode imape.

One example embodiment of a lens assembly 40 having anamorphie
magnification is shown in the sectional side-and top views of a partially sectioned |
imaging rejéder 12 in FIGS. 5, and 6, respectively. The imaging system with anamorphic
magnification overcomes the reduced resolution problems previously described by the
increased magnification iilustrated in Equation 2. |

d'=d ¥ cos (y) * magnification Equation (2)

In one example embodiment, anamorphic magnification resulting from the lens
assembly 40 is magnified along a preferred direction, increasing the overall resolution
(utilized pixels) of the sensor array 32 and by these means improves the sampling rate of
the projected image of the target object 18 by the sensor artay. In another example
embodiment, anamorphic magnification resulting from the lens assembly 40 provides
magnification in a first direction along the sensor array 32 that is different from the

magnification in a second direction along the sensor array. In yet another example

11
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embodiment, anamorphic. magnification resulting from the lens assembly 40 forces the

FOV to diverge slowly ina first direction and relatively faster in.a'second dirsction.

Refetring now to FIG. 8 is an 1llustrative example of aﬁeld-of—wew of ‘an optical

system having symmetrical magnification. More specifically; the field-of-view of the

imaging reader (FOV A) has a sensor array with equal magnification along, the X and Y

axis; namely the magnification of X equals the magnification of Y. Irvthe illustrated

example, FOV A appears rectangular because a typical shape of the photosensitive array

32 is rectangular. The symmetrical magnification of FIG: 8 is contrasted-with an

asymmetrical anamorphic:magniticatiori on a 'sensor ar"ra-y,32:':fiﬁlluﬁsttatéd.-in‘ F1G. 9,

generated by ith‘e'ffl‘éﬂsfj_g'SS'embiy’40-'of one example embodimeént of the present disclosure.

In particular, the field-of-view (FOV B) of the imaging reader'in FIG. 9 has an unequal
magnification along the X'and Y axis, or stated another way; Mag X2 # Mag Y. The
FOV B of FIG. 9 will force the projected image of the target object 18 to appear stretched
out along the X2 axis and/or compressed along the Y axis. The optical system
comprising the lens assembly 40 with an asvmmetrical anamorphic magnification of FIG.
9 improves the resolution or PPM of the sensor array 32 especially it will be helpful in
cases where the object of interest 16 or target object 18 is imaged under a steep oblique
angle or Field Angle.

Returning again to FIGS. 5-7, the lens assembly 40 is illustrated in accordance
with one example embodiment of the present disclosure. While the lens assembly 40 is
shown in a porfable imaging reader 12 in FIGS. 5 and 6, it could also be adapted to a
presentation-type imager 14 or any other scanner or imaging system without departing

from the spirit and scope of the claimed invention. The lens assembly 40 in addition to

12
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delivering anamorphic magnification provides optical power for focusing the reflected
image of the target objéct 18 onto the photosensitive atray 32 (represented by the ray
tracings in FIGS. 5-7).

In particular, the lens assembly of FIGS. 5-7 comprises of two major groups, the
first one for providing the major oPtibal power (base lens) (illustrated as L1 and L2)-and
the second group for modifying the magnification:to. anamorphic magnification
(illustrated as 1.3 and T.4). Tn a preferred embodiment, the four separate lens elemenits
L1, 1.2, L3, and L4 provide a desired projected image 42 (represented by the ray tracings)
of the target object 18 upon the sensor array 32, Lens elements L1 and 1.2 generate major
optical power forthe imaging system 10.. The lens elements L1andL2 in the example
embodimentof FIGS. 5-7 are rotationally symmetrical wherein each optical surface:is
spherical. The lens clements L1 and L2 are fabricated from glass materials to provide
thermal stability in the focal point relative t‘o.t'he sensor array 32 over a wide range of
temperatures.

In an exemplary embodiment; the first lens element 1.1 is made from & crown
glass material having a relatively high abbe value of approximately 46 or higher. The
first lens element L1 provides positive optical power, constructed with spherical front 44
and back 46 surfaces. In an alternative embodiment, one of the front 44 or back 46
surfaces of lens element .1 is spherical while the other is a geometrically a flat surface.
In combination with the exemplary embodiment of .1, the second lens element L2 is
constructed from flint glass material having a relatively lower abbe value of

approximately 30 or lower.

13
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The second lens element L2 provides negative optical power, constructed with

spherical front 48 and back 50 surfaces. The construct in this. 'eXBmpIary embodiment of

lens elements L1 and L2 made from crown and flint glass facilitatés minimizing

chromatic aberration. In yet another éxample embodiment‘,,any number-of lenses can
form the base lens in order to yield a desired imaging quality, without departing from the
spirit and scope of the claimed invention. In the illustrated embodiment of FIGS. 5-7,
base imaging lenses L1 and L2 are spherical lenses with substantially isatropic.
magnification (the magnification being substantially constant in all directions with no
preferred direction) for projecting the image of the targét object 18 on the sensor array
32. However, the base imaging lenses- L1 and L2 could also be constructed from
aspherical lenses as yet another alternative embodiment.

In the illustrated embodiment of FIGS. 5 and 6, an aperture stop 52 is located
between the base lens group and the anamorphic magnification group, in particular
between lens elements L2 and L.3. Although the apertire stop 52 could équally be
located hetween lens element L1 and L2. The aperture stop 52 isrotationally
symmetrical (circular), however, il is cqually capable of being rectangular or elliptical,
the size and geometrical configuration of the aperture stop establishes.the F number in
both horizontal and vertical directions of the imaging system 10. In general, the F
number in both the horizontal and vertical directions in the example embodiment are not
equal. However, it have 1o be understood that by sclecting a particular aperture size it is
possible to yield an imaging system with aﬁamorphic magnification and equal F number

m both horizontal and vertical directions.

14
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In another exemplary embodiment, the'imaging system 10 is provided without
base lens elements L1 and 1.2, and include only the anamorphic magnification lens
elements, namely L3 and L4. In a further exemplary embodiment, the imaging system 10
is'provided having the positioning of the base lens elements L1 and I.2 between the
anamorphic magnification lens elements L3 and L4 and sensor array 32.

Lens elements L3 and L4-of the:illustrated embodiments of FIGS. 5~7 comprise

aspherical toroidal lenses made from a crown plastic material. Suitable examples ofa

crown plastic. material include: Cyclo Olefin Polymer made under the trade name:

ZBONEX® manufactired by Zeon Chemicals L.P. of Louisville, Kentucky or Cylic

Olefin Copolymer (COC). Lens elements 1.3 and L4 are not rotationally symmetrical and
have different optical powers along the horizontal (represented by arrows H in FIG. 6)
and vertical (represented by arrows V in FIG. 5) directions. Lens element 1.4 has a
substantially different optical powcrin the horizontal and vertical directioss.

In one example embodiment; lens element L4 includes front 54 and back 56
surfaces in which the back surface facing the sensor array 32 is substantially aspherical,
facilitating Field Angle or curvature compensation, thereby increasing the resolution (i.e.
surface area utilized) on the sensor array. In the example embodiment, the optical power
of L4 ispositive along a horizontal direction (see arrows H in FIG. 6) and negative along
a vertical direction (see arrows V in FIG. 5). Accordingly, the configuration of L4’s
optical power construct allows the FOV to be more elongated along the horizontal (H)
direction relative to the vertical (V) direction as further illustrated in FIGS. 10-and 11.

FIG. 10 is an illustrative example of reflected image impinging on a pixel grid

projected on a sensor array 32 using an optical system having symmetrical magnification.

15
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Applying the optical power of L4 to.illustrated example of FIG. 10, changes the FOV

pixel grid projection onto: the sensor array 32 in that the optical power is positive along a

horizontal (I1) direction (see arrows H in FIG. 6) and negative along a vertical (V)

direction (seu arrows Vin FIG. 5), resulting in an asymmetrical anamorphic

magﬁjﬁcatiqnv'i"ll}ist'rated in FIG. 11. Stated another way, the images that would appear

ona square pixel grid will appear rectangular once the FOV is modified by the lens

assembly 40 of the imaging system 10.

The lens assembly 40.0f FIGS. 5-7 can:provide a difference in magnification
along the horizontal (H) and vertical (V) directions, ranging approximately 1.5 to 3.0
times. Tn an alternative embodiment, the optical power of 1.4 is negative along a
horizontal (H) ditection-and positive along a vertical (V) direction, resulting in an
asymmetrical anamorphic magnification illustrated in FIG. 12.

The verity of Abbé, value of plastic material is substantially small to compare with
the Abbe values of glass. Asa result, it is challenging to design an optical system with |
plastic optics that inclides well-corrected chromati aberrations. In yet another example
embodiiment, lens element L3 or 1.4 is made from a red plastic to filter red light only,
therefore correcting the problem with inherited chromatic aberration do to green and blue
light.

In one 'example embodiment, the selection of color of the plastic for lens element
L.3 or L4 is a function of the type of illumination source used by the imaging system 10.
For example, if the wavelength of the illumination source is approximately 625 NM, then
the color of the plastic for lens element [.3 or 1.4 should be orange blocking the light with

the wavelength shorter than approximately 625 NM.,
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In another example embodiment; a dielectric filter is positioned within the lens

‘assembly 40 in order o filter out'a desired waveletigth. Alternatively, a multilayer

dielectric coating can be applied to & protective cover gliss over a sensor array 32 ora

surface of one of the glass lenses, namely lens elerents L1 or L2 in the lens assembly 40,

which has a smaller curvature,

In general, imaging lenses of conventional imaging systems are typically

rotationally symmetrical, making them easy to-install during an assembly process. The

non-rotationally symmetrical "”colaﬁfgui‘af'ion‘,:of 'th'e-seXaxi’zplé embodiment of L3 and L4 are

not so easily assemibled. Housing the {ens-elemeits L3 and L4 into keying features
resolves uncertainty in lens-alignment./ position and facilitates ease of assembly, as
illustrated in FIGS. 13-19.

FIG. 13 illustrates a perspective view of anamorphic lens element L3 in a first
keying featurc 60 constructed in accordance with ohe example embodiment of the present
disclosure. The lens element L3 is located with a press-fit connection within the first lens
surface 61 of the first keying feature 60. Bosses 62 protrude from a rear-side surface 63
{directed toward the sensor array 32 and opposite the target object 18 when assembled) of
the first keying feature 60, as further illustrated in elevated end view of FIG. 14. Relief
portions 64 are provided diametrically adjacent bosses 62.

FIG. 15 illustrates a perspective view of an anamorphic lens element 1.4 in a
sceond keying feature 66 constructed in accordance with one example embodiment of the
present disclosure. The lens element L4 is located with a press-fit connection within a
first lens surface 67 of the second keying feature 66. Bosses 68 protrude from a front-

side surface 69 (directed oppusile the sensor array 32 and toward the target object 18
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when assembled) of the second keying feature 66, as further illustrated.in an elevated first
end view of FIG. 16. Relief portions 70 are provided diarnetrically adjacent bosses 68.
FIG: 17 is 4n elevated Sec_’ond end view of FIG. 15 in 'which protrusions 72 extend from :i
rear surface 74 of the second keying feature 66.

FIG. 18 illustrates a first assembly 76 comprising the first keying foature 60
securely located in second keying feature 66, The securely located orientation of the first

assembly 76 is achieved by positioning the bosses 62 of the first keying feature 60 into

corresponding reliel poriions 70 of the second keying featuré 66, Similarly, the securely
located orientation of the first assembly 76 is further achieved by positioning the bosses

68 of the second keying feature 66 into corresponding relief portions 64 of the first

keying feature 60. The connection between corresponding bosses and relief portions, can
be any form of connection, and in the illustrated embodiment of FIG 18, the connection
provides greater engagement than a conventional s'li_p—ﬁ.t connection.

Once the two keying features 60, 66 ate secured and L3 and L4 are properly
oriented in the manner describ.edE)ov:e with respect to FIG. 18, the first assembly 76 can
be .positio_ned into a chassis 78 of'a portable imaging reader 12 or bi-optic type imager 14
of an imag.ingvsystem 10 as illustrated in FIG. 19. The chassis 78 includes corresponding
openings 80 in its framework 82 for receiving protrusions 72 extending from the rear
surface 74 of the second keying feature 66. The multiple protrusions 72 and respective
openings 80 provide a secure connection as well self orienting feature for reassurance
that proper alignment and orientation is achieved about the sensor array 32.

Ilustrated in FIG. 20 is a block diagram illustrating an anamorphic magnification

imaging process 100 constructed in accordance with one embodiment of the present
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disclosure. At 110, a step of imaging a target object with an imaging system having a

sensor array is initiated. At 120, optical power is provided to project a réflectéd image of

the target object with at least one base imaging lens in a}'dirvec't,i‘on"o“htq the sensor array:
At 130, the optical power is modified with at least one toroidal lens toward the sensor
artay such that op,tfi__c,al power differs between first and second directions.

What have been described above are examples of the present invention.. 1t is, of
course, not possihle to describe every conceivable combination of components or
methodologies for purposes of describing the present invention, but one of ordinary skill
in the art will recognize that many further combinations and pérmutations of the present
invention aré possible. Accordingly, the present invention is intended to émbrace all
such alterations, modifications, and variations that fall within the spirit and scope of the:

appended claims.
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CLAIMS
What-is claimed is:
1. A lensassembly adapted for reading a target object comprising:
an anamorphi¢ lens assembly comprising first.and second toroidal lenses adapted

for positioning between a target object and a sensor array of an imaging system such that

an image received from said target object is anamorphically magnified before impingf\ihgj
onto the sensor array along first-and second directions by the anamorphi¢ lens assembly,.

‘the anaimorphic inagnification in the first direction differs from the magnification in said

second direction such that the image of the target object projecied onto the sensor array

appears elongated along the first direction relative to said second direction.

2. The lens assembly of claim 1 wherein the anamorphic magnification difference

between said first and second directions ranges between.1.5 and 3 times.

3. The lens assembly of claim 1 further comprising a base imaging lens assembly for
providing optical power to project an image from a target obiect onto a sensor array of an
imaging system, the anamorphic lens assembly being positioned between said base

imaging lens assembly and said sensor array;
4. The lens assembly of claim 3 wherein said base imaging lens assembly comprises

spherical first and second lenses, said spherical first lens provides positive optical power

and is adapted for positioning between the target object and the spherical second lens and
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said spherical second lens provides negative optical power and is adapted for positioning

between said spherical first lens and a sensor array of an im aging system.

5. The lens assembly of claim 4 wherein said spherical first lens.is made from crown

glass.and-said spherical second lens is madec from flint glass.

6. The lens assembly of claim I wherein said first and second toroidal lenses are

aspherical and non-rotationally symmetrical.

7. The lens assembly of claim 1 wherein said first and second toroidal lens are made

from a crown plastic material.

8. The lens assembly of claim 1 wherein one of said first and second toroidal lenses is
made from colored plastic for filtering wavelengths of the reflected image passing

through the lens assembly.
9. The lens assembly of claim 4 further comprising a dielectric filter adapted to one of
said spherical first and second lenses for filtering undesired wavelengths found in the

reflected image passing through the lens assembly.

10. The lens assembly of claim 1 further comprising a first keying feature for supporting

said first toroidal lens and a second keying feature for supporting said second toroidal
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lens, said first.and second keying featires rotationally symmetrical and adapted to be

coupled for ease of assembly and alignmient into an‘imaging system.

11. A method for enhaneing the resolution of an image projected upon a sensor array in
an imaging system comprising the steps of:

‘providing a scanning arrangement comi:ﬁs’ing -a sensor array for receiving an
image reflected from a target objeot;

p‘fcduéi‘ngqpci_ca[’ power (o project a reflected image from the target object with at

least one base imaging lens assembly onto said sensor array; and

modifying the optical power from the base imaging lens assembly with at least
one toroidal lens toward the sensor array, the modifying the optical power comprising
anamorphic magnification so.that the optical power along a first direction projected onto
the sensor array differs from the optical power along a second direction projected onto

the sensor array.

12. The method of claim 11 wherein the anamorphic magnification difference between

said first and second directions ranges between 1.5 and 3 times.
13. The method of claim 11 further comprising the step of producing positive optical

power from a first lens of the base imaging lens assembly and producing negative optical

power from a second lens of the base imaging lens assembly.
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14. Themethod of claim 11 fusther comprising filtering indesired wavelengths passing
through said at least orie toroidal lens by forming the toroidal léns fromi a colored

material,

15, Amcthod for enhancing the resolution of an image projected upon a sensor-array in

an imaging system comprising the steps of:

providing a seanning means comprising a sensor array for impinging an image
reflected from a target object;

producing optical p‘owerfté project a reflected image from the target object with at
least one: base imaging lens assembly toward said sensor array; and

modifying the optical power from the base imaging lens with at least one light
transmitting theans toward the sensor array, the madifying the optical power comprising
anamorphic magnification from the light transmitting meatis so that the optical power
along a first direction projected onto the sensor arrdy differs from the optical power along

a second direction projected onto the sensor atray.

16. Animaging system for imaging and decoding a target object located on an object of
interest comprising:

a scanning arrangement comprising a sensor array for receiving an image
reflected from a target object and a lens assembly for modifying the projected image prior
to its impingement upon the sensor array, the lens assembly comprising:

a base imaging lens assembly comprising first and second spherical lenses for

providing optical power for projecting an image from a target object to said sensor array,
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the first spherical lens providing positive optical power for projecting the image and said
second spherical lens -providing- negative optical power for pmjecﬁ'hgi the *imagjﬁ,;:ihe-sﬁrs‘:tr
spherical lens being positioned in the imaging System between the target object and said
second spherical lens;

an anamorphic lens assembly comprising first and second toroidal lenses adapted
for positioning between said second:spherical lens and said sensor array of the imaging:
system such that the pr:ojc.ctcdfimagc received from said bas‘c::imaging‘:lenS"a-SSCmBIFY is
anamorphically magnified onto'the sénsor array along first and second directions; thie
anamorphic magnification in'the first divection differs approximately 156 3.0 tlmes

from the anamorphic magnification in said second direction.
17. The imaging system of claim 16 whetein said imaging system is a hand-held scanner.

18.. The imaging system of claim 16 wherein said imaging system is a presentation-type

lmager.

19. The imaging system of claim 16 wherein said first spherical lens is made from crown

glass and said second spherical lens is made from flint glass.

20. The imaging system of claim 16 wherein said first and second toroidal lenses are

aspherical and non-rotationally symmetrical.
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21. Theimaging system of claim 16 further comprising a first keying feature for
supporting said first toroidal lens and a second keying féature»--fér-supporti‘ng said second
toroidal les, said first and second keying [eatures ‘rp‘tati'fqnallyvsymm-etrical,’vand adapted

to be coupled for ease of assembly and alignment into:an imaging system. |

22. The imaging system of claim 21 further comprising a plurality of projections
extending from said seconding keying feature having respective apertures in-a chassis of,
said imaging system for ease of assembly and alignment about a sensot located in said

imaging system.
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WITH AN IMAGING SYSTEM
|_HAVINGA SENSORARRAY

|

.o [MAGING ATARGETGBJECT /....._

PROVIDINGOPTICAL POWER
i20 TO A REFLECTEDIMAGE OF
C— THE TARGETOBJECTWITHAT
LEAST ONE BASE IMAGING LENS
TOWARD THE SENSOR ARRAY

|

MODIFYING THE OPTICAL POWER
WITH AT LEAST ONE TOROIDAL
130 | LENS TOWARD THE SENSOR ARRAY
\-— SUCH THAT OPTICAL POWER DIFFERS
BETWEEN A FIRST AND A SECOND
DIRECTION

Fig. 20
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