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OPTICAL LENS FOR USING IN ILLUMINATION SYSTEM
OF IMAGING SCANNER

BACKGROUND
0001} Various electro-optical svstems have been developed for reading optical
mndicia, such as barcodes. A barcode 1s a coded pattem of graphical indicia comprised
of a series of bars and spaces of varving widths. In a barcode, the bars and spaces
have differing Light reflecting charactenistics. Some of the barcodes have a one-
dimenstonal structwre m which bars and spaces are spaced apart in one direction o
form a row of patiermns. Examples of one-dimenstonal barcodes include Uniform
Product Code (UPC), which is typically used in retail store sales, Some of the
barcodes have a two-dimensional structure in which multiple rows of bar and space
patterns are vertically stacked to form a single barcode. Examples of two-
dimenstonat barcodes include Code 49 and PDF417.
{00021 Svstems that use one or more imaging sensors for reading and decoding
barcodes are typically referred (o as imaging-based barcode readers, imaging scanners,
or mmaging readers. Ap imaging sensor generally inclodes a plorality of
photosensitive elerents or pixels aligned in one or more arravs, Examples of imaging
sensors inchude charged coupled devices (CCDY or complementary metal oxide
semconductor {CMOS Y imaging chips.
{0003 Imaging-based bar code readers may be portable or stationary. A portable bar
code reader is one that is adapted to be held in a user’s hand and moved with respect
to target mdicia, such as a target bar code, 1o be read, that is, imaged and decoded.
Stationary bar code readers are mounted i a fixed position, for example, relafive io a
point-of-sales counter.  Target objects. e.g., a product package that includes a target
har code, are moved or swiped past one of the one or more transparent windows and
thereby pass within a field of view of the stationary bar code readers. The bar code
reader typically provides an audible andfor visual signal to mdicate the target bar code
has been successtully imaged and decoded. Sometimes barcodes are presented, as

opposed to be swiped.
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BRIk DESCRIPTION OF THE FIGURES

{00041 The accompanving figures, where hike reference numerals refer to identical or
fumctionally simsar elements throughout the separate views, together with the detailed
description belove, are incorporated in and form part of the specification, and serve to
further ilusirate embodiments of concepts that include the claimed invention, and

explain various principles and advantages of those embodiments.
[0005] FIG. 1 depicts a workstation in accordance with some embodimers.

[0006] FIG. 24 is a schematic of a multi-planer svorkstation that includes a phuahiy

of solid-state itmagers in accordance with some embodiments.

{0007} F1G. 2B is a schematic of an imaging scanner in accordance with some

gmbodiments.

{0008} FIG. 3 s a schematic of a compact hybiid optical lens that has the first Fresnel

surface andd the second microlens array surface i accordance with some smbodimenis.

{0009} FIGS 4-5 are schematics of the lhumimation system for generating the
tHumination field of view in accordance with some ambodiments.

{00101 FIG. 6A and FIG. 68 are respectively the X-scan intensity profile and the Y-
scan mignsty proftle of the Uhumnation field of view in accordance with some
embodiments.

0011} Skilled artisans will appreciate that elements in the figures are dHlustrated for
simaplicily and claritv and have not necessarily been drawn to scale. For example, the

dimensions of some of the elemenis 1n the [ligures may be exavgerated relative to

other elements to help {o improve understanding of embodiments of the present
nvention.

{00121 The apparatus and method components have been representad where
appropriate by conventional symbols in the drawings, showmng only those specific
details that are pertinent to understanding the embodiments of the present invention so
as not to sbscure the disclosure with details that will be readily apparent to those of

ordinary skill m the art having the benefit of the deserniption herein.
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BETAILED DESCRIPTION
[0013] An imaging scanner mcludes an Hlumination light source, an ilhwmination lens,
an imaging lens arrangement, an imaging sensor, and a controlier. The ilununation
tens includes a first Fresnel surface facing the tlfomunation Hight source and a second
surface having a nucrolens array thereon, The fivst Fresnel surface 1s configured fo
divect light received from the iununation light source towards the second surface ©
generate lumination hight towards a target object through the microtens array on the
second surface. The dlunvnation light has a predetermined illumination field of view.
The imaging sensor has photosensitive elements configured to detect Light from the
target object within an imaging field of view through the imaging lens mrangement at
east during a ime penod when the target object is tthuminated by the sllumination
hight. The ymaging sensor is configured fo output mmage data from the photosensitive
glements. The controfler is configured for processing the image data to decode an
image of a barcode on the target object.
{0014] FIG. 1 depicts a workstation 10 in accordance with some embodiments.  The
workstation 1015 stationary and mcludes a housing 20. The housing 20 has a
zenerally horizontal window 25H and a generally vertical window 23V, In one
implementing, the housing 20 can be miegrated mto the sales counter of a point-of-
transaction system. The point~of-transaction system can also includes a cash register
48, a touch screen visual display, g printer lor generating sales receipts, or other type
user interface. The workstation often inchudes weighing scale 46 incorporated withun
the housing 29, A horizontal platier 26 s coupled with the weighing scale 46 fir
weighing a product placed on the hornzomtal platter 26, The workstation 1 can be
used by retailers to process transactions myvolving the purchase of products bearing an
wentifying target, such as UPC symbols.
{0015] 1 accordance with one use, an operator can slide or swipe the prodact 30 past
one of the windows {e.g.. 23H or 23V) from night to left, or from left to nght, in a
"swipe” mode, to let an image of the barcode 40 on the product 34 be captured by the
workstation 10, Altematively, the operator can present the barcode 40 on the product

30 to the center of the window 25V i a "presentation” mode. The choice depends on
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operator preference or on the lavout of the workstation. Upon a successtul reading of
the target bar code, a visual and/or sudible signal will be generated by the workstation
10 10 indicate to the user that the target bar code 40 has been successfully imaged and
decoded.

0016} As schematically shown in FIG, 2A, a plurality of tmaging scanners 30 are
mouried at the workstation 10, for capturing hight passing through either or both
windows fron a target which can be a one- or two-dimensional svmbol, such as a
two-dimensional symbol on a driver's license, or any document, as described below.
FIG. 2B is a schematic of an imaging scanner 30 i accordance with some
embodiments. The imaging scanner 30 in FIG. 2B includes the following components:
(1) an imaging sensor 62 posttioned behind an imaging lens arrangement 60; (2) an
Hhuminating lens arrangement 70 posibioned i front of an sthanination hight source 72:
and (3) a controfier 94,

[ 7] The imaging seosor 62 can be a UCD or a UMOS maging device. The
imaging sansor 62 generally mcludes multiple pixel elements. Thess multiple pined
clements can be formed by a one-dimensional amay of photosensitive elements
arranged hnearly 1 a single row. These multiple pixel elements can also be formed
by a two-dimensionat array of photosensitive elements arranged in mutually
orthogonal rows and columms. The imaging sensor 62 i operative to detect light
captured by an imaging lens arrangement 60 along an optical path or axis 61 through
the window 25H {or 25V). Generally, the imaging sensor 62 and the imaging lens
arrangement 60 are designed to operate together for capturing light scattered or
reflected from a barcode 40 as image data over a two~dimensional imaging field of
view (FOV). The barcode 40 generally can be located anywhere in a working range
of distances between a close-in working distance (WD1) and a far-out warking
distance (WD2).

{0018} In FIG. 2B, the tHummnating lens arrangement 70 and the illumnation light
saurce 72 are designed to operate together for generating an illumainating hight towards
the barcode 40 during an illumination time period. The itHumination light source 72
can include one or more light emitting diodes (LEDY. The illumination light source

72 can also include a laser or other kind of light sonrces.
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{00191 In FIG. 2B, the controller ¥, such as a nucroprocessor, is operatively
connecled to the imaging sensor 62 and the ithomination hght sowrce 72 for
controlling the operation of these components. The controller 90 can also be usad to
control other devices in the imaging scanner. The imaging scanper 30 mchudes a
memory 94 that can be accessible by the controller 90 for stoning and retneving data.
In many embodiments, the controller 90 also includes a decoder for decoding one or
more barcodes that are within the imaging field of view (FOV) of the imaging scanner
5. In some implementations, the barcode 40 can be decoded by digitally processing
a captured image of the barcode with a microprocessor.

{0201 In operation, in accordance with some embodiments, the controlier 90 sends a
command signal to energize the illumination light sowee 72 for a predetermined
thumination time period. The controller 90 then exposes the imaging sensor 62 o
capture an image of the barcode 40, The captured image of the barcode 40 is
transterred to the controller 90 as image data. Such image data is digitally processed
by the decoder in the controller 90 to decode the barcode. The information oblained
from decoding the barcode 40 s then stored in the mermory 94 or sent to other devices
for further processing.

[0021] Image-Based Barcode Scanner tvpically requires high power visible LED to
provide Humination to read barcode independent of environment and barcode
oriemtation. The bright illaumnation has been causing big discomfort to users. This
disclosure proposes a compact Hlumination design approach to provide great eve
comtort whife meeting the desired signal and field of view requirements for barcode
reading.

{00221 One known approach to improve the eve discomfort from the bright LED
thenination in image-based barcode reader 13 to use diffuser to soften the crispy LED
chip image ardd ower the lght mienssty. Unfortunately thas 1s achieved with the
sacrifice of the scanner performance and the higher power consumption due to the
power loss from the nature of light difTuser. 1tis often very challenging if not
inpossible to meet the performance requirement and in the memtime o provide

acceptable eve comfort.

s
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{00231 In this disclosere, the dlumination system meludes a hybrid optical {ens
combing the first Fresnel surface and the second micro-lens array surface to
significantly broaden and wmform the chip image in the users” eve, namely the
apparent light source, (o provide graat eve comfort and i the meantime efficiently
meeting the desmed signal level, uniformity and field of view requirements for
harcode reading with nuntmmum power loss and thus optimal power consurmption,
{00241 FIG. 3 is a schematic of a compact hvbrid optical lens 170 that has the first
Fresnel susface 173 and the second mierolens arrav surface 176, The compact hvbrid
optical fens 170 can be used as a component of the WHluminator lens assembls 74 of
FIG 2. As thustrated 1n FIG. 3, the first Fresnel surface 175 collimates the divergent
beam from the LED source 72. And subsequently each micro-lens on the second
microlens array sarface 176 efficiently directs all the rays captured and collimated by

the fresnel surface 175 to the desired field of view. In some implementations, all the

farfield to create the uniform Huminaiion pattern with the shape and the aspect ralio
same as the individual suerolens.

{0025} In some embodiments, as shown in FIGS 4-3_ the sive of the dlumination
pattern 78, namely the tlumination field of view, 13 siniply determined by the X | Y
dimensions and the focal length of each microlens, such as, 1760, 1) For instance, if
the individual microlens has a rectangular shape with a focal length of Fand X, Y
dimensions of Dx and Dy, the resulted ilumination pattern would have a rectangular
shape with the aspect ratio of Dx/Dy and the X and Y FOVs of Dx/F and DviF
respectively. In contrary to the traditional ilumination design approach which uses
complicated optical lens{es) to skew ravs to achieve the desired shape, sixe, and
aspect ratio of ilumunation pattern, an tluminator lens assenbly 70 that includes the
compact hvbrid optical lens 170 can be much more flexible, more efficient, and cost
effective by simply controlling the shape of the individual mucrolens, s XJ Y
dimensions and 1is focal length. Most importamtly, in thas design approach the
apparent light sourcs has a size of the collecting aperture of the Fresnel surface, which
can be designed to be significantly larger than the virtval chip image of the LED

source by adjusting the distance between the LED source 72 and the fresnel surface
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175 and therefore largely improve the eve comfort. Moreover, this design approach
decouple the compheate design problem, which involves very challenging optical rav
skewing for converting the divergent LED source to the desired iHlumination pattem.
mio o simphified steps involving ondy on-axis design, which enables more efficient
design 1n terms of throughput and illununation pattern quality.

[0026] In one embodiment of the compact hybnid optical lens 170 for improving the
eve cornfort, the power efficiency, and the uniformity of the current bioptic product.
In this embodimend, the fresnel swrface 175 has a focal length of 30.5mm; the
smerolens arrav has 30x60 rectangular micro lenses with each micro lens having a
focal length of 3mm and X and Y dimensions of 2 mim and 1 num respectively, which

18° required by the vertical side field of view based on

gives a field of view of ~38% x
the optical tavout of our current bioptics product. This design of the compact hyvbrid
optical fens 170 can has the apparent light sowrce size of about 38 mny, as observed by
a aser, that is more than 25 times larger than the current eve annoving design used m
cwrvent bioptics prodact on traditional (humination desagn approach that may have an
apparent light source size smaller than Zmm. FIG. 6A shows the Xescan injensity
profile with the desived X field of view of ~ 38°. FIG. 6B shows the Y -scan intensity
profile with the desired Y field of view of ~ 1§°

{0027} Compared to the traditional lhanination design approach whach uses
complicated optical lens or lenses to skew rays to achieve the destred shape, size, and
aspect ratio of tlununation pattern and then uses the diffusers to improve eve comifort |
the compact hybrid optical lens 170 as shown in FIG. 3 offers many advantages. First,
it enables design with significantly improved eve comfort . For nstance | in some
embodiments, i is possible to achieve 23 times eve perception improvement froni the
current desten used in some barcode imagining scanner products based on the

traditional approach. Second. the compact hybrid ophical lens 170 as shown in FIG. 3
allows higher power efficiency since 1t directs all the ravs captured and collimated by
the fresnel surface to the desired Reld of view. Third, this approach offars a simple

but efficient way to control the shape, size, aspect ratio and unitormity of the resudled

llumination pattern.

~3



WO 2015/153134 PCT/US2015/021420

00281 This idea can be used to solve the eve annovance problem in owr current
biopties product with tmproved power efficieney and iflumination pattemn quality. Tt
can be also used in all other image based barcode reading Engine andf/or Scanner for
improving eve comfort, power efficiency, and dhamination patiemn quality.

{00291 In one aspect, thus disclosure is directed 0 an apparatus that includes an
lunmination hight source, an tlununation lens, an imaging lens arrangement, an
imaging sensor, and a controlier. The illumination lens includes a first Fresnel
surface facing the tHumination light source and a second swrface having a microlens
array therson. The first Fresnel surface is configured to direct light recerved from the
ilhumination Light source towards the second surface to generate itlumination light
towards a target object through the nucrolens array on the second surface. The
thumination light has a predetermined iflumination field of view. The imaging sensor
has photosensitive elements conligured to detect light from the target object within an
imaging field of view through the imaging lens arrangement af least during a time
period when the target object 8 tuninated by the ihumination light. The mmaging
sensor 18 configured to output image data from the photosensitive elements. The
controfler is configured for processing the image data to decode an image of a barcode
o the target object.

[0030¢] In some mmplementations, the ilhmimation Hght source can be focated at a
focus position of the first Fresnel surface to climate light from the Hlununabon light
source towards the second surface of the illumination lens, In some tmplementations,
the illumination light source can be configured to climate Hght from the ilumination
fight source towards the second surface of the Hlumination fens. In some
implementations, the first Fresnel surface can have a focus fength that is between
10mm and 6dmm.

{80311 In some inplementations, the microlens array can be arranged in a matrix of
M rows and N columms. In some implementations, the macrolens array can be
arranged m other regular or iregular patterns. In some implemeniations, the integer
M can be af least 20 and the integer N can also be at least 20, In some

implementations, at least one of the integer M and the integer N 15 lavger 50,
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00321 In some umplementations, the microlens array includes at least 200 micro
fenses each having a focus length that 15 between 1 mm and 6 mm. In some
implementations, the nucrolens array mcludes at least 200 micro lenses sach having a
focus length that 1s betyegen 2 mum and 4 mm. In some implementations, at least 200
muero lenses i the microlens arrav are rectangalar in shape.

{0033} In some implementations, the nucrolens array includes at least 200 micro
tenses each projecting hight recetved from the first Fresnel surface info a
corresponding field of view that is rectangular in shape.  In some implementations,
the microlens array can include Includes at least 400, least 800, or 1200 sach micro
fenses. In some bmplementations, the predeternuned Hlumination feld of view is
rectangular in shape.

{6034} In some implementations, the microlens array mcludes at least 200 micro
fenses wherein multiple micro lenses each project light received from the first Fresnel
surface into a corresponding field of view that overlaps with the predetermuned
dhemination field of view by at least 99%. In some unplementaiions, the microlens
array can inchude includes at least 4400, least 800, or 1200 such mucro lenses,

{00351 In some implementations, the microlens array includes at least 200 micro
fenses wharein multiple micro lenses each project light recetved front the first Fresnel
surface into a corresponding field of view that is substantially within with the
predetermined sflumination field of view In some implementations, the macrolens
arrgy can include includes at least 400, least 800, or 1200 such nucre lenses,

{00361 In one aspect, this disclosure 1s directed to a method that inchudes (1)
projecting light from an lumanation light source onto a first Fresnel sinface of an
Ylumination lens and (2) directing the hght received from the iHunmination light source
by the first Fresnel surface towards a second surface of the illumination lens to
genarate dlumination hght towards a target object through a microlens array on the
second surface. The ilumination hight has a predetermined thununation field of view,
The methed also includes detecting light from the target object within an imaging
field of view throngh an imaging lens arrangement with an imaging sensor having
photosensitive elements at least during & ime period when the target object is

Hhumimated by the iBumination light, i which the imaging sensor is configured o



WO 2015/153134 PCT/US2015/021420

outpat image data {rom the photosensitive elements. The method further inchudes
processing and decoding the ymage data sampling an image of a barcode of the target
objeet projected on the imaging sensor,

371 In some unplementations, sad dicecting light includes collimating the light
from the illununation hight source towards the second surface of the luminabion lens
to generate the dlumination light. In some implementations, the pradetermined
lumination field of view is rectangular i shape.

{0038} In some umplementations, the microlens array includes at least 200 micro
fenses, and the method further mcludes projecting light recetved from the first Fresnel
surface with each of the at feast 200 micro lenses into a corresponding field of view
that overlaps with the predeternuned ilumination [ield of view by at least 90%. In
some mmplementations, the predetermmined (Humination field of view can be
rectangular s shape.

[0039] In some implemeniations, the mucrolens array includes at least 200 micro
tenses, and the method {urther includes projecting light received from the first Fresnel
surface with cach of the at teast 200 nmucro lenses mito a corresponding field of view
that 1s substantially within the predetermined illumination field of view. In some
implementations, the predeternuned ilumination field of view can be rectangular in
shape.

{0040} In the foregoing specification, speailic embodiments have been described.
However, one of ordinary skill in the art appreciates that various modifications and
changes can be nmade without departing from the scope of the mvention as set forth m
the claims below. Accordingly, the specification and figures are 1o be reganded m an
lustrative rather than a restrictive sense, and all such modifications are intended to be
ncluded within the scope of present teachings.

00411 The benefits, advantages, solutions to problems, and any element(s} that mayv
cause anyv benefit, advantage, or solution {0 occur or become more pronounced are not
to be construed as a orittcal, required. or essential features or elements of any or all
the claims. The mvention is delined sofelv by the appended claums inchuding any
amendments made during the pendency of this application and all equivalents of those
clanms as issued.

G
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{0042} Moreover in this document, relational terms such as first and second, top and
bottom. and the like may be used solely to distinguish one entity or action from
another entitv or action without necessanly requinng or implying any actual such
refationship or order belween such entities or actions. The terms "comprises,”
"comprising,” “has”. “having,” “meludes”, “including,” “contams”, “containing” or
any other variation thereof, are intendad to cover a non-exclusive mclusion, such that
a process, method, article, or apparatus that comprises, has, inchudes, contains a list of
elements does not inclade only those elements but may include other elements not
expressly listed or mherent to such process. method, article, or apparatus. An element
proceeded by “comprises ... a”, “has .. a7, Tincludes .. a7, “contans ... a7 does not,
withowt more constrants, preciude the existence of additionad identical elemenis i
the process. method, article, or apparatus that comprises, has, includes, contains the
glement. The terms “a” and "an” are delined as one or more unless explicitly stated
otherwise herem. The terms “substantially”, “sssentiallv”, “approximately”, “aboul”
or any other version thereof, are defined as betng close 1o as undersicod by one of
ordinary skill in the art, and in one non-limiting embodiment the term is defined to be
within 10%, in another embodiment within 3%, in another emnbodiment within 1%
and in another embodiment withan 0.3%. The term “coupled™ ag used hevain is
defined as connected. although not necessarily directly and not necessartly
mechanmcally. A device or structure that 1s “confligured” in a certain way i3
configurad in ot least that way. but may also be configured i ways that are not listed.
{00431 K will be appreciated that some embodiments may be comprised of one or
more generic or specialived processors (or “processing devices™) such as
nucroprocessors, digital signal processors, customized processors and field
programmable gate arravs (FPGAs) and unique stored program instructions (including
both software and frmwarel that control the one or more processors (o implement, in
conjunction with certain nON~processor circwts, some, most, or all of the functions of
the method and/or apparatus described herein. Alternatively, soine or all functions
could be implemenied by a state machine that has no stored program instructions, of
in one or more application spectfic integrated cireuits {ASICs), in which each function
or some combinations of certain of the functions are implemented as custom logic,

Of course, a combination of the two approaches could be used.
1
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0044} Moreover, an embodiment can be implemented as a computer-readable storage
medium having computer readable code stored thereon for programming a computer
{e.g.. comprising a processor) to perform a method as described and clammed herein.
Examples of such cormer-readable stovage mediums nclude, but are not limited to,
g hard disk, a CD-ROM, an optical slorage device, a magnetic storage device, a ROM
{Read Only Memory), & PROM (Programmable Read Only Memory), an EPROM
{Erasable Progranmmable Read Only Memory), an EEPROM (Electrically Erasable
Programmable Read Only Memorv} and a Flash memory. Further, it 13 expected that
one of ordinary skill. notwithstanding possibly significant effort and many design
chotces motivated by, for example, available time, current technology, and economic
considerations, when guided by the concepts and principles disclosed herein will be
readily capable of generating such software instructions and programs and 1Cs with
nunimal experimentation,

{0045} The Abstract of the Disclosure 15 provided to allow the reader to quuckly
asceriain the nature of the technical discloswre, It is submitted with the snderstanding
that it will not be used o interpret or linut the scope or meaning of the clarms. In
addition, in the foregoing Detailed Description, 1t can be seen that various features are
grouped together m various embodiments for the purpose of streandining the
disclosere. This method of disclosure is not to be interprated as reflecting an
witention that the claimed embodiments requdre more features than are expressly
recited i sach claim. Rather, as the foliowing claims reflect, inventive subject matter
Hes in less than all features of a single disclosed embodiment. Thus the following
clanms are hereby mcorporated into the Detatled Description, with each claim

standing on 1fs own as a separately claimed subject matter,
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What 15 claimed is:

i An apparatus comprising:

an iltununation light source;

an umination fens comprising a first Fresnel surface facing the idlumination
fight source and a second surface having a microlens array theveon, the first Fresnel
surface configured to divect hght received from the illumination light source towards
the second surface to generate lumination Light towards a target object through the
merolens array on the second surface, the dhumination hight having a pradeternaned
sltamination feld of view:

an imaging lens arrangement;

an imaging sensor having photosensitive elements configured to detect light
from the target object within an imaging field of view through the tmaging lens
arrangement at least during 8 time pertod when the target object is dhuminated by the
tlumination light, wheremn the imaging sensor 18 configured to cutput tmage data
from the photosensitive elements; and

a controliar configurad for processing the image data (o decode an image of a

barcode on the target object.

2. The apparatus of claim 1, wherein the iflumination light source 13 located at a
focus postiton of the first Fresnal surface to climate light from the thanmation light

source towards the second surface of the ithenimation lens.

3 The apparatus of claim 1, wherein the first Fresnel surface is configured to
climate light from the tllamunation light source towards the second surface of the

dhanination lensg,

4, The apparatus of claim 1, wherein the first Fresnel surface having a focus

tength at least Smm.
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b The apparatus of claim 1, wherein the mucrolens arrav is arranged in a matnx
of M rows and N columns, with the integer M being at leastS and the integer N being

al least 3.

6. The apparatus of claim 1, wherein the microlens array includeas at least 25

micro lenses each having a focus length at least 8.3nun

7, The apparatus of claim 1, wheremn ai least 23 rectangolar mucro lenses

arranged i a rectangular pattern.

8. The apparatus of clazm 1, wherein at least 25 hexagonal micro lenses arranged

i a hexagonal pattem.

9, The apparatus of claim 1, wherein the microlens wray includes at least 25
micro lenses each projecting light received from the first Fresnel surface into a
covresponding ficld of view that 1s rectangular in shape.

10, The apparatus of claim 1. wherein the predetermined illumination field of

view is reciangular in shape.

11, The apparatus of claim 1, wherein the predetermuned ilununation field of view i3

hexagonal in shape.

12, The apparatus of claim 1, wherein the mucrolens array mcludes af least 23
nuero lenses wherein maltiple micro lenses each project light recerved from the first
Fresnel surface into a corresponding field of view that overlaps with the

predeternuned ilumination field of view bv at least 90%.
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13, The apparatus of claim |, wherein the microlens array mcludes at least 25
micro lenses wherein mutiiple micro lenses each project hght veceived from the first
Fresnel surface into a corresponding field of view that is substantially within with the

predetermimed Hhumination field of view.

14 A method comprising:

projecting Heht from an iHumination hght source onto a first Fresnel swiace of
an dlomination lens;

directing the bght received from the iHlunuanation light source by the first
Fresnel surface towards a second surlace of the fllumination lens to generate
Hlumination Hght towards a target object through a microlens array on the second
surface, the Hhanination light having a predetermined iHomination field of view:

detecting hight from the target object within an tmaging field of view throogh
an imaging lens arrangement with an imaging sensor having photosensitive elements
at least during a thme period when the target object is tluminated by the iHumination
hight, wherein the imaging sensor is configured to output tmage data from the
photosensitive elements; and

processimg and decoding the image data sampling an image of a barcode of the

target object projecied on the inaging sensor.

15, The method of claim 14, wheremn said directing Hght comprises;
collimating the hight from the flumination light source towards the second

surface of the Humination lens to generate the tHumination light

16, The method of claim 14, wherein the predetermined tHumination field of view

is rectangular in shape.

17.  The method of claim 14, wherein the microlens array includes at least 25

micro lenses, the method further comprising:
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projecting Heht recetved from the first Fresnel surface with each of the at least
25 micro lenses mto a corresponding field of view that overlaps with the

predetermined Hlumination field of view by at least 90%.

i8. The method of claim 14, wheremn the mucrolens array includes at least 23
mucro lenses, the method further compnising:

projecting light recetved from the first Fresnel surface with each of the at least
25 micro fenses into a corresponding field of view that 1s substantially within the

predeternuned thumimation field of view.

19, The methad of clain 14, wherein the nucrolens arrav includes at least 23
micro lenses, the method further comprising:

projecting hght received from the {irst Fresnel surface with each of the at least
25 micro lenses o a corresponding leld of view that overdaps with the
predetermined Hlununation field of view by at least 90%, wherain the predetermined

dhammation field of view is rectangalar in shape.

20, The method of claim 14, wherem the microlens array includes at Teast 25
micro lenses, the method further compnising:

projecting Heht recerved from the first Fresnel suntace with each of the at least
25 micro lenses ito a corresponding field of view that i substantially within with the
predetermined unination field of view. wherein the predetermined ilfumination

field of view is rectangular i shape.

iH
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