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(57) Abstract: An apparatus and method for imaging targets, such
as electronic codes displayed on screens or direct part marking
codes marked on workpieees, include an illumination system for il-
luminating a target with illumination light directed through a win-
dow of a housing, a solid-state, exposable imager looking at a field
of view that extends through the window to the target, and operative
for capturing return illumination light from the field of view as an
image, and a controller for processing the image to attempt reading
the target. The controller identifies the target within the image, de-
termines a brightness level of a background region or a region of in-
terest when the target cannot be read or identitied, exposes the im-
ager for an exposure time based on the brightness level, and reads
the target with the imager exposed for the exposure time.
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APPARATUS FOR AND METHOD OF CONTROLLING
IMAGING EXPOSURE OF TARGETS TO BE READ

FIELD OF THE DISCLOSURE
[0001] The present disclosure relates gencrally to an apparatus for, and a mcethod of]
electro-optically reading targets by image capture and, more particularly, to adjusting an imaging
exposure based on a level of brightness of a background region in which a target is located or a

region of interest of a captured image.

BACKGROUND
106062} Solid-state 1maging apparatus or imaging readers, that have been configured

either as handheld, portable scanners; stand-mounted, stationary scanners; vertical slot scanvers;
flat-bed or horizontal slot scanmers; or bi-optical, dual window scanners; have been used in many
venues, such as supermarkets, department stores, and other kinds of retailers, Hbraries, parcel
dehiveries, as well as factories, warchouses and other kinds of mdustrial settings, for many years,
in both handheld and hands-free modes of operation, to clectro-optically read by tmage capture a
plurality of symbol targets, such as one-dimensional symbols, particularly Universal Product
Code (UPC) bar code symbols, and two-dimensional symbols, as well as non-symbol targets,
such as driver’s licenses, receipts, signatures, etc., the targets being associated with, or borne by,
objects or products to be processed by the imaging readers.  In the handheld mode, a user, such
as an operator or a customer, held the imaging reader and manually aimed a window thereon at

the target.  In the hands-free mode, the user slid or swiped a product associated with, or bearing,
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the farget in a moving direction across and past a window of the reader in a swipe mode, or
momentarily presented the target associated with, or borne by, the product to an approximate
central region of the window, and steadity momentarily held the target in front of the window, in
a presentation mode. The choice depended on the type of the reader, or on the user’s
preference, or on the layout of the venue, or on the type of the product and target.

{6063} The imaging reader included a solid-state imager {(alse known as an imaging
sensor) with a sensor array of photocelis or light sensors (also known as pixels), which
corresponded to image elements or pixels over a field of view of the imaging sensor, an
illumination assembly including a phlurality of iHumination light sources for illuminating the ficld
of view, and an imaging lens assembly for capturing return ambient and/or iHlumination light
scattered and/or reflected from any ttem in the ficld of view, and for projecting the return hight
onto the imaging sensor to initiate capture of an image of substantially every ttem in the ficld of
view. The field of view contained a target to be imaged over a working range of distances, as
well as neighboring environmental items, as described below, A part of the image contained the
target as target data.  Another part of the image contained the neighboring environmental tems
as non-target data. The imaging sensor was configured as a one~ or two~dimensional charge
coupled device (CCD) or a complementary metal oxide semiconductor (CMOS) device, and
meluded associated civcuits for producing and processing an electrical signal corresponding to a
one- or two-dimensional array of the data over the field of view., The imaging sensor was
controlled by a controller or programamed microprocessor that was operative for processing the
electrical sigunal mto information indicative of the target being imaged and, when the target was a
symbol, for processing, decoding and reading the symbol.

-
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{0004} In direct part marking {DPM) applications in common usage i the antorotive,
aerospace, clectronics, medical equipment, tooling, and metalworking industrics, among many
others, machine-readable targets, such as high-density, two-dimensional, matrix-type, optical
codes, especially the DataMatrix or QR codes, were directly marked (imprinted, etched, or
dot-peened) on workpieces, identified, and traced to their origin. However, when such DPM
codes were attempted to be read by the above-described imaging readers, the DPM codes often
exhibited a low and inconsistent imaging contrast relative to their neighboring environmental
items.  Such neighboring environmental items may have included, for example, parts of a hand
of the operator holding the workpicce, or remote portions of the workpiece itself.  Such
workpiece portions may have been metal, plastic, leather, or glass, c¢ic., often having
complicated, i.¢., non-planar, shapes, as well as highly reflective areas.

{0605] Targets exhibiting poor imaging contrast were also ofien found at places other
than on DPM workpieces. For example, symbol targets and non-symbol targets have been
displayed on screens, such as CRT or LCD displays, especially on ccll phones, smartphones,
tablets, or like electronic devices. By way of example, a consumer fransaction may be
performed using a cell phone where a consumer uses the cell phone to purchase a ticket, sach as
an event ticket or a lottery ticket, including making payment via the cell phone and receiving the
purchased ticket as an electronie ticket through the cell phone in the form of a message bearing a
bar code symbol that 1s displayed by the cell phone on its screen. Upon redemption of the ticket,
the electronic ticket’s bar code symbol displayed on the cell phone screen is scanved by a

merchant’s imaging reader when redeeming the ticket.
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{0606} However, as advantageous as such displayed targets were, the reading of the
displayed targets proved to be as challenging as for the DPM targets described above. The
displayed targets also exhibited a low and inconsistent imaging contrast relative to their
neighboring environmental items.  Such neighboring environmental items may have incinded,
for example, parts of a hand of the operator holding the electronic device, or remote portions of
the clectronic device itself.  The display screen of the clectronic device was highly reflective,
{6067} The part of the image containing the optical code or target, whether marked on a
DPM workpicce, or displayed on a screen, often appeared washed-out as compared to the part of
the image of its neighboring environmental items, which were often illuminated with intense,
bright light as hot spots or arcas, glare, or specular reflections due to such factors as variable
ambicnt lighting conditions and variable ilumination from the ilumination light sources
on-board the imaging reader. I the imaging reader had an auto-cxposure control circuit, then
such bright light areas adversely affected the imager exposure, because the auto-cxposure control
circuit considered and took the bright arcas into account when sctiing the exposure.  For
example, if these bright areas on the neighboring environmental items were very intense, then the
auto~exposure control circuit would set the exposure to be too high,  As a vesult, the optical code
or target was often generally indiscernible from its neighboring covironmental items, thercby
degrading reading performance.

[8008] Accordingly, it wounld be desirable to control the imaging exposure without
substantially taking into account the return hght from the neighboring environmental items,
thereby enhancing the readability of targets that exhibit low contrast in certain applications,
especially DPM codes on workpieces and displayed codes on electronic device sereens.

A
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BRIEF DESCRIPTION OF THE FIGURES
HHEBY The accompanying figures, where like reference numerals refer to identical or
functionally similar clements throughout the separate views, together with the detailed
description below, are incorporated in and form part of the specification, and serve to further
dlustrate embodiments of concepts that imclude the claimed invention, and explain various
principles and advantages of those embodiments.
{6016} FIG. 1 is a perspective view of a representative imaging reader configured as a
vertical slot scanner in accordance with this invention.
{6011} FIG. 2 is a part-schematic, part-diagrammatic view depicting various components
of the reader of FIG. 1.
{0612] FIG. 3 is a front view of a representative mobile device displaying an clectronic
code to be wmaged by the reader of FIGs, 1-2
{0613] FIG. 4 1s a front perspective view of a representative workpicee displaying a DPM
optical code to be imaged by the reader of FIGs, 1-2.
18014} FIG. 5 1s a flow chart depicting operation of some of the compounents of the reader
of FIGs, -2 in accordance with this mvention.
[0815] Skilled artisans will appreciate that elements i the figures are tHustrated for
simplicity and clarity and have not necessarily been drawn to scale.  For example, the
dimensions of some of the elements m the figures mway be exaggerated relative to other elements
to help to woprove understanding of embodiments of the present invention,
{B816] The apparatus and method components have been represented where appropriate

by conventional symbols in the drawings, showing only those specific details that are pertinent to
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understanding the embodiments of the present invention so as not to obscure the disclosure with
details that will be readily apparent to those of ordmary skill in the art having the benefit of the

description herein.

DETALLED BESCRIPTION

{68171 An apparatus, in accordance with one feature of this invention, is operative for
imaging optical targets. The optical targets are advantageously, but not necessarily, displayed
on a screen of an clectronic device, or are marked on a DPM workpiecce. The apparatus
comprises a housing and a window supported by the housing and facing the optical target in use.
The housing and window can be configured as a handheld, portable scanner, a stand-mounted,
stationary scanner, a vertical slot scanner, a flat-bed or horizontal slot scanner, a bi-optical, dual
window scanner, or like scarnmers.  The apparatus further comprises an encrgizable ilumination
systern supported by the housing and operative for illuminating the optical target with
ithurmnination light directed through the window, a solid-state, exposable imager supported by the
housing and having an array of light sensors looking at a field of view that extends through the
window to the duminated target, and operative for capturing return dhumination light from the
field of view as an image, and a coutroller operatively connected to the imager and the
Hhurmination systern, and operative for processing the image fo attempt reading the illomunated
target,

{8018} The controller is further operative for wdentifymg the illuminated target within the
image, for determining a target brightoess level of a background region in which at least a part of

the ihmminated target is located when the illominated target cannot be read, for exposing the

e
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imager for an exposure time based on the determined target brighiness level, and for reading the
dluminated target with the imager exposed for the exposure time. The controller is fimther
operative for determining a region brightness level of a region of interest of the image when the
dluminated target cannot be identified, for exposing the imager for an exposure time based on
the determined region brighiness level, and for reading the lluminated target with the imager
exposed for the cxposure time. The controller advantageously determines whether either the
target brightness level or the region brightness level lies in an upper range or a lower range of
brightness values and, in response, respectively reduces or increases the exposure time when the
determined target brightness level or the region brightness level Hes in the upper or the lower
range. Advantageously, the controller is also operative for energizing the iHumination system
during the exposure time,

{0019} Reference numeral 10 in FIG. 1 generally identifics a workstation 10 for
processing transactions at a site at which objects or products, such as a mobile electronic device
12 displaying an optical code or target 50 on a display screen 52 (see FIG. 3) or a DPM
workpiece 62 marked with an optical code or target 60 (see FIG. 4), are presented to, or shd at a
swipe speed past and across, a generally vertical or upright, generally planar, light-transmussive
window 18 of a box-shaped housing 20 of an fiaging reader 40 configured as a vertical slot
scanner mounted on a countertop 16, A user 22, preferably a checkout operator or a consumer,
is located at one side of the countertop 16, and the housing 20 1s located at the opposite side. A
cash/credit register 24 1s located within easy reach of the user 22, The housing 20 is portable

and Hightweight and may be picked up from the countertop 16 by the user 22, and the window 18
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may be aimed at the target 50, 60, preferably on a product too heavy or too large o be casily
positioned on the countertop 16 in front of the housing 20 in the workstation mode.

{6026 It will be understood that the imaging reader 40 need not be implemented as the
ilfustrated vertical slot scanner, but could also be configured as a handheld, portable scanner, 3
stand-mounted, stationary scanner, a flat-bed or borizontal slot scanner, or a bi-optical, dual
window scanner. [t will further be understood that the workstation need not be configured as the
illustrated checkout counter at a vetail site with the cash register 24, but that other non-retail
venues without the register 24 are contemplated.

{8021 it will still further be understood that the mobile electronic device 12 need not be
configured as the illustrated wircless telephone of FIG. 3 (“cell phone” or “smart phone™), but
could be any mobile device capable of displaying clectronic optical targets or codes, such as
personal digital assistants (“PDAs”), c-rcaders, portable tablets, slates and computers. It will
moreover be understood that the DPM workpiece 62 of FIG. 4 is merely illustrative, and that
other workpiceces and other codes can be marked thereon.  Nor is the present invention intended
to be limited solely to reading displayed targets or DPM targets, because the enhanced reading
performance achieved by this invention can also apply to other targets, both symbols and
non-symbols, 1o be optically imaged.

18022} The housing 20 of the reader 40 of FIG. | mchudes, as schematically shown 1o
FIG. 2, an umage sensor o imager 26 having an adjustable exposure and mounted on a printed
cireuit board (PCB) 36, and an imaging lens assembly 28 mounted in front of the imager 26,
The imager 26 1s a solid-state device, for example, a CCD or a CMOS imager and has a linear or
area array of addressable image sensors or pixels, preferably of submegapixel or supermegapixel
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size, having a reading field of view 30 that diverges away from the window 18 i both horizontal
and vertical divections.  The imaging lens assembly 28 has an optical axis 32 generally
perpendicular to the tmager 26 and 1s operative for capturing hight through the window 18 from
either product 12, 62 bearing, or associated with, either target 30, 60, for example, the
one-dimensional UPC code 50 of FIG. 3 or the two-dimensional code 30 of FIG. 4, located in a
range of working distances along the optical axis 32 between a close-in working distance (WD1)
and a far-out working distance (WD2), and for projecting the captured light onto the imager 26.
in a preferred embodiment, WD1 is about two inches from the imager 26 and generally coincides
with the window 18, and WD?2 is about cight inches or more from the window 18,

{6023} An illumination light system is also mounted in the housing 20 and preferably
mcludes a plurality of illumination light sources, ¢.g., two pairs of light emitting diodes (LEDs)
42, mounted on the PCB 36 and arranged at opposite sides of the imager 26. Two pairs of
illumination lenses 44 arc mounted in front of the illumination LEDs 42 to uniformly illununate
the target 50, 60 with illumination light. The number of iHlumination LEDs 42, the number of
ithinination lenses 44, and their locations can be different from those illustrated in the drawings.
18024} The wmager 26 and the tdlumination LEDs 42 are operatively connected to a
controller or programuned microprocessor 54 operative for controlling the operation of all these
clectrical components. A mermory 36 is connected and accessible to the controller 54, The
controller 54 1s used for decoding light scattered from the target and for processing the capture
mage.

[B025] With the aid of the operational flow chart of FIG. 3, in operation, beginning at
start step 200, the controller 54 captures the image of the field of view 30 at step 202, As

-G
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described above, a part of the captured image contains the target, while another part of the
captured image contains neighboring environmental items. By way of example, in FIG. 3, such
neighboring environmental items may inchude parts of a hand of the operator 22 holding the
electronic device 12, or remote portions of the electronic device, e.g., part of the display screen
52, or parts of the body or the controls of the electronic device 12, By way of further example,
i FIG. 4, such neighboring environmental items may include parts of a hand of the operator 22
holding the workpicce 62, or remote portions of the workpicce 62 itself. In other words, the
captured image contains not only the target 50, 60 that contains the useful target data to be
processed, but also these and possibly other neighboring environmental items that contain
non-useful data to be discarded.

{0626] As described above, if the imaging reader 40 had an auto-exposure control circuit,
then such neighboring environmental ttems, especially when they were iuminated and reflected
bright light, adversely affected the imager cxposure, because the auto-exposure control circuit
considered and took these brightly lit arcas into account when setting the exposure.  For
example, if these brightly lit areas on the neighboring envivonmental items were very intense,
then the auto-exposure control circuit would set the exposure to be too low., As a result, the
optical code or target 50, 60 was often generally mdiscernible from its neighboring
environmental tems, thereby degrading reading performance,

[8027] Hence, in accordance with one aspect of this invention, the controller 54
identifies, in step 204, at least a part of the illununated target 50, 60 within the image.  Details
how a target, such as an optical code, can be astomatically identified within a captured image
can be found i U.S. Patent No. 6,250,551, the entire contents of which are hereby incorporated

-10-
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herein by reference thereto.  If the target is successtully udentified i step 206, then the
controller 54 reads the target in step 208, If the target is successfully read in step 210, then the
controller 54 sends the target data or results to a remote host and causes an annunciator to beep
i step 212 to indicate that a successful read has been achieved, after which the reading operation
ceases at end step 214,

{8028 It the target is not identified in step 206, then the controller 54 determines, in step
216, a brightness level of a region of interest (RO of the image. The ROI is advantageously a
part, typically a central part, of the captured image, preferably containing at least a part of the
illuminated target. More specifically, the controller 54 uses a histogram to measure the region
brightness level at some percentile, such as between S and 15 percent, down from a maxinmum
possible brightness level,

{0029} The region brighiness level determined in step 216 is scaled to e in a range of
values between O and 255 in a typical 8-bit image. Thus, the maximum possible brightness
ievel is the value of 255, The controller 54 determines, in step 218, whether the brightness level
of the ROTI lies 1 an upper range, e.g., between 150 to 220, or in a lower range, ¢.g., between 30
to 100, or in an interroediate range, e.g., between 100 to 150, of buightness values between the
upper and lower ranges.  1f the brightness level of the RO is not m the upper or lower ranges,
then the brightness level of the ROT is 1o the intermediate range, and the controller 54 recaptures
the image n step 202, If the brighiness level of the ROT s in the upper range (“too bright”},
then the controller, in step 220, reduces the exposure time, ¢.g., by a factor of, for example, two

or more, before recapturing the image n step 202, If the brightness level of the ROI is in the

-11-
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lower range (“too dark™), then the controller, in step 220, increases, ¢.g., by a factor of, for
example, two or more, the exposure time before recapturing the tmage in step 202.

{6036 The imaging exposure control of step 220 can be performed by adjusting the
duration of the exposure of the imager 26 and/or by adjusting the duration of the illummnation of
the illumination LEDs 42, By way of non-limiting example, the tmager 26 typically operates at
a fixed frame rate {nominally about 60 frames per second with cach frame lasting about 16.67
milliseconds), in which case, the nominal exposure time can be a minor fraction of the frame,
e.g., less than 1 millisecond, and preferably less than 0.5 milliseconds. The illumination time
generally coincides with the exposure time. Thus, if the brightness level of the ROI is too
bright, then these exposure times are, for example, halved, and if the brightness level of the RO
is too dark, then these exposure times are, for cxample, doubled. Such increases or decrcases
can be performed stepwise, or gradually, and repeatedly.

{8031} If the target is not successtully read in step 210, then the controlier 54 determines,
m step 222, a brightness level of g background region in which at least a part of the itluminated
target 1s located.  The background region s the region around the target, i.¢., the region against
or in which the target 1s displaved, marked, or contammed.  Analogous to that described above,
the controller 54 uses a histogram to measure a target brightness level at some percentile, such as
between 5 and 15 percent, down from a maximum possible brightoess level,

[0832] Also analogous to that described above, the controller 54 determines, in step 224,
whether the target brightness level of the background region lies in the aforementioned upper,
lower, or intermediate ranges. If the target brightness level of the background region is not in
the upper or lower ranges, then the target brightness level of the background region 1s in the

10
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intermediate range, and the controller 54 recaptures the image i step 202, It the target
brightness level of the background region is in the upper range, then the controller, in step 220,
reduces the exposore time, e.g., by a factor of, for example, two or more, before recapturing the
image in step 202, I the target brightness level of the background region is in the lower range,
then the controller, in step 220, increases, e.g., by a factor of, for example, two or more, the
exposure time before recapturing the image in step 202, The imaging exposure control of step
220 can be performed by adjusting the duration of the exposure of the imager 26 and/or by
adjusting the duration of the illumination of the illumination LEDs 42, Such adjustments can be
performed stepwise, or gradually, and repeatedly.

16033 Thus, despite low or poor contrast of cerfain targets, the targets can still be, in
accordance with this invention, successfully read fairly quickly, and the reader will have a fast,
robust, aggressive performance.

{0034} It will be understood that cach of the clements described above, or two or more
together, also may find a useful application in other types of constructions differing from the
types described above,  For example, the runmnerical values for the upper, lower and intermediate
ranges of the brightness levels of the ROT and the background region are merely exemplary and
are not intended to be limiting.  Also, the numerical valoes for the exposure times and thew
adjosted values are likewise merely exemplary and are not intended to be Hmiting.

[B035] In accordance with another feature of this invention, a method of imaging optical
targets, is performed by supporting a window by a housing, tluminating an optical target with
Hhumination light directed through the window and emitted from an energizable illomunation
system, capturing return illumination Hght as an image from a field of view extending through

-13-
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the window to the dluminated target and seen by an array of light sensors of a solid-state,
exposable imager, processing the image to attempt reading of the ilhuminated target, wdentifying
the illuminated targetwithin the image, determining a target brightuess level of a background
region in which at least a part of the illuminated targetis located when the illuminated
targetcannot be read, exposing the tmager for an exposure time based on the determined target
brightness fevel, and reading the illuminated target with the imager exposed for the exposure
time,

{6036} In the foregoing specification, specific embodiments have been desecribed.
However, one of ordinary skill in the art appreciates that various modifications and changes can
be made without departing from the scope of the invention as sct forth in the claims below.
Accordingly, the specification and figures are to be regarded in an illustrative rather than a
restrictive sense, and all such modifications are intended to be included within the scope of
present teachings,

{8037} The benefits, advantages, solutions to problems, and any clement(s) that may
cause any benefif, advantage, or sohufion to occur or become more pronounced are not to be
construed as a critical, required, or essential featores or elements of any or all the claims. The
mvention s defined solely by the appended clairos including any amendments made during the
pendency of this application and all equivalents of those claims as issued.

{8838} Moreover n this docoment, relational terms such as fivst and second, top and
bottom, and the like may be used solely to distinguish one entity or action from another entity or
action without necessarily requiring or implying any actual such relationship or order between
such entitics or actions. The terms “comprises,” “comprising,” “has,” “having,” “includes,”

-14-
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EX Y 2% ¢k k-

“including,” “contains,” “containing,” or any other vanation thereof, are intended o cover a
non-exciusive inchision, such that a process, method, article, or apparatus that comprises, has,
mcludes, contains a list of elements does not include only those elements, but may imclade other
elements not expressly listed or inherent to such process, method, article, or apparatus.  An
element proceeded by “comprises ... a,” “has ... a,” “includes ... 8,7 or “contamns ... a,” does
not, without more constraints, preclude the existence of additional identical elements in the
process, method, article, or apparatus that comprises, has, includes, or contains the element.
The terms “a” and “an” arc defined as one or more unless explicitly stated otherwise hercin.
The terms “substantially,” “cssentially,” “approximately,” “about,” or any other version thereot,
are defined as being close to as understood 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
5%, in another embodiment within 1%, and in another embodiment within 0.5%. The term
“coupled” as used hercin is defined as connected, although not necessarily directly and not
neeessarily mechanically, A device or structure that is “configured” in a certain way is
configured in at least that way, but may also be configured in ways that are not listed.

18039} It will be appreciated that some embodiments may be comprised of one or more
generic or specialized processors {or “processing devices”) such as microprocessors, digital
signal processors, customized processors, and field programmable gate arravs (FPGAs), and
unigue stored program instructions (including both software and firmware) that control the one
or more processors to inpleruent, in conjunction with certain noON-processor Circuits, some, most,
or all of the fanctions of the method and/or apparatus described herein.  Alternatively, some or

all functions could be implemented by a state machine that has no stored program instructions, or

15



WO 2013/142016 PCT/US2013/027933

in one or more application specific mtegrated cirenits (ASICs), i which cach function ot some
combinations of certain of the functions are implemented as custom logic.  OF course, a
combination of the two approaches could be used.

{6040 Moreover, an embodiment can be implemented as a computer-readable storage
medium having computer readable code stored thercon for programming a computer {e.g.,
comprising a processor) to perform a method as described and claimed herein.  Examples of
such computer-readable storage mediums include, but are not limited to, a hard disk, a
CD-ROM, an optical storage device, a magnetic storage device, a ROM {Read Only Memory), 2
PROM (Programmable Read Only Memory}, an EPROM (Erasable Programmable Read Only
Memory}, an EEPROM (Electrically Erasable Programmable Read Only Memory) and a Flash
memory., Further, it is expected that one of ordinary skill, notwithstanding possibly significant
cffort and many design choices 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 ICs with minimal
experimentation,

[8041] The Abstract of the Disclosure 1s provided to allow the reader to guickly ascertain
the nature of the technical disclosure. It is submitted with the understanding that 1t will not be
used to interpret or lumit the scope or meaning of the claims., In addition, i the foregoing
Detailed Description, i can be seen that various features are grouped together in various
embodiments for the purpose of streambining the disclosure.  This method of disclosure is not o
be interpreted as reflecting an intention that the claimed embodiments require more features than
are expressly recited in each claim. Rather, as the following claims reflect, inventive subject
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matier lics m less than all features of a single disclosed embodiment. Thus, the following
claims are hereby incorporated into the Detailed Description, with each claim standing on its

own as a separately claimed subject matter.
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CLAIMS:
i. An apparatus for imaging optical targets, comprising:

a housing;

a window supported by the housing;

an cnergizable illumination system supported by the housing and operative
for illuminating an optical target with iHumination hight directed through the window;

a solid-state, exposable tmager supported by the housing and having an
array of light sensors looking at a field of view that extends through the window to the
illuminated target, and operative for capturing return tilumination hight from the field of view as
an image; and

a controller operatively connected to the imager and the illununation
systern and operative for processing the image to attermpt reading the illuminated target, the
controller being operative for identifying the illominated target within the image, for detcrmining
a target brightness level of a backgroond region in which at least a part of the dluminated target
is located when the illuminated target cannot be read, for exposing the imager for an exposure
time based on the determuned target brightness level, and for reading the illuminated target with
the imager exposed for the exposure time,

2. The apparatus of claim |, wherein the countroller 15 also operative for
energizing the illurnination system during the exposure time.

3. The apparatus of claim 1, wherein the controller is operative for
determining whether the target brightness fevel of the background region lies in an upper range

-1¥-



WO 2013/142016 PCT/US2013/027933

of brightness values, and for reducing the exposure time when the determined target brightness
level Lies in the upper range.

4. The apparatus of claim 1, wherein the controller is operative for
determining whether the brightness level of the background region lies in a lower range of
brightness values, and for mmcreasing the exposure time when the determined brightness level lies

in the lower range.

4

The apparatus of claim 1, wherein the controller is operative for
determining a region brightness level of a region of interest of the image when the iHuminated
target cannot be identified, for exposing the imager for an exposure time based on the determined
region brightness level, and for reading the illuminated target with the imager exposed for the
£Xposure Hme.
6. The apparatus of claim 1, wherein the window faces an object having a
display screen on which the optical target is displayed.
7. The apparatus of claim 1, whercin the window faces an object configured
as a workpieee on which the optical target is marked.
&. An apparatus for imaging optical targets on objects, comprising:
a housing;
a window supporied by the housing;
an energizable illumination syster supported by the housing and operative
for illuminating an optical target on an object with ihumination light directed through the

window;
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a solid-state, exposable mmager supported by the housing and having an
array of light sensors looking at a field of view that extends through the window to the
idluminated target, and operative for capturing return thumination hight from the field of view as
an image; and

a controller operatively connected to the imager and the ilhumination
svstem and operative for processing the image to attempt reading the illuminated target, the
controller being operative for identifying the illuminated target within the image, for determining
a target brightness level of a background region in which at least a part of the illuminated target
is located when the ilominated target cannot be read, for cxposing the imager and for encrgizing
the itlumination system for an exposure time based on the determined target brightness level, and
for reading the illonmunated target with the imager exposed and with the llumination system
energized for the exposure time,

9. The apparatus of claim &, wherein the controller is operative for
determining whether the target brightness level of the background region lies in an upper range
of brightness values, and for reducing the exposure time when the determined target brightness
ievel hies i the upper range.

10, The apparatus of claim 8, wherein the controller s operative for
determaining whether the target brightness level of the background region hies in a lower range of
brightness values, and for increasing the exposure fime when the determuned target brightness
ievel hies i the lower range.

it The apparatns of claim 8, wherein the controller is operative for
determining a region brightness fevel of a region of interest of the image when the iHaminated

220-
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target cannot be dentified, for exposing the imager and for energizing the dlumination system
for an exposure time based on the determined region brightness level, and for reading the
dluminated target with the imager exposed and the ithumination system energized for the
exposure time.
12, The apparatus of claim 8, wherein the window faces the object having a
display screen on which the optical target is displayed.
i3, The apparatus of claim 8, wherein the window faces the object configured
as a workpicce on which the optical target is marked.
i4. A method of imaging optical targets, comprising:
supporting a window by a housing;
iHuminating an optical target with iHumination light directed through the
window and emitted from an cnergizable iHlumination systony
capturing return tHumination light as an tmage from a ficld of view
extending through the window to the itHuminated target and scen by an array of light sensors of a
solid-state, exposable imager;
processing the image to attempt reading the illominated target;
wdentifying the tluminated target within the image;
determining a target brightness level of a background region in which at
ieast a part of the illuminated target 1s located when the illuminated target cannot be read;
exposing the 1mager for an exposure timne based on the determined target

brightness level; and
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reading the lluminated target with the imager exposed for the exposure

time,

is. The method of claim 14, and energizing the illumination system during the
exposure time.

i6. The method of claim 14, wherein the determining s performed by

determining whether the target brightness level of the background region lies in an upper range
of brightness valies, and by reducing the exposure time when the determined target brightness
ievel lies in the upper range.

i7. The method of claim 14, wherein the determining is performed by
determining whether the target brightness level of the background region lics in a lower range of
brightness values, and by increasing the exposure time when the determined target brightness
level Hies in the lower range.

iR, The method of claim 14, and determining a region brightness level of a
region of mnterest of the image when the illuminated target cannot be identified, and exposing the
imager for an exposure time based on the determined region brightness level, and reading the
Hhurninated target with the imager exposed for the exposure time.

i9. The method of claim 14, and providing the optical target on an object, and
facing the object bearing the optical target to the window, and configuring the object with a
display screen, and displaying the optical target on the display screen.

20. The method of claim 14, and providing the optical target on an object, and
facing the object bearing the optical target to the window, and configuring the object as a

workpiece, and marking the optical target on the workpiece.
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CLAIMS:

1. An apparatus for imaging optical targets, comprising:

a housing;

a window supported by the housing;

an energizable illumination system supported by the housing
and operative for illuminating an optical target with illumination light directed
through the window;

a solid-state, exposable imager supported by the housing and
having an array of light sensors looking at a field of view that extends through the
window to the illuminated target, and operative for capturing return illumination light
from the ficld of view as an image; and

a controller operatively connected to the imager and the
illumination system and operative for processing the image to attempt reading the
illuminated target, the controller being operative for identifying the illuminated target
within the image, for determining a brightness level of a background region around
the illuminated target in which at least a part of the illuminated target is located when
the illuminated target cannot be read, for exposing the imager for an exposure time
based on the determined brightness level, and for reading the illuminated target with

the imager exposed for the exposure time.

2. The apparatus of claim 1, wherein the controller is also

operative for energizing the illumination system during the exposure time.

3. The apparatus of claim 1, wherein the controller is operative for
determining whether the brightness level of the background region lies in an upper
range of brightness values, and for reducing the exposure time when the determined

brightness level lies in the upper range.
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4, The apparatus of claim 1, wherein the controller is operative for
determining whether the brightness level of the background region lies in a lower
range of brightness values, and for increasing the exposure time when the determined

brightness level lies in the lower range.

5. The apparatus of claim 1, wherein the controller is operative for
determining a brightness level of a region of interest of the image when the
illuminated target cannot be identified, for exposing the imager for an exposure time
based on the determined brightness level of the region of interest of the image, and for

reading the illuminated target with the imager exposed for the exposure time.

6. The apparatus of claim 1, wherein an object having a display

screen on which the optical target is displayed, faces the window.

7. The apparatus of claim 1, wherein an object configured as a

workpiece on which the optical target is marked, faces the window.
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8. An apparatus for imaging optical targets on objects,
comprising:

a housing;

a window supported by the housing;

an energizable illumination system supported by the housing
and operative for illuminating an optical target on an object with illumination light
directed through the window;

a solid-state, exposable imager supported by the housing and
having an array of light sensors looking at a field of view that extends through the
window to the illuminated target, and operative for capturing return illumination light
from the ficld of view as an image; and

a controller operatively connected to the imager and the
illumination system and operative for processing the image to attempt reading the
illuminated target, the controller being operative for identifying the illuminated target
within the image, for determining a brightness level of a background region around
the illuminated target in which at least a part of the illuminated target is located when
the illuminated target cannot be read, for exposing the imager and for energizing the
illumination system for an exposure time based on the determined brightness level,
and for reading the illuminated target with the imager exposed and with the

illumination system energized for the exposure time.

9. The apparatus of claim 8, wherein the controller is operative for
determining whether the brightness level of the background region lies in an upper
range of brightness values, and for reducing the exposure time when the determined

brightness level lies in the upper range.

10.  The apparatus of claim 8, wherein the controller is operative for
determining whether the brightness level of the background region lies in a lower
range of brightness values, and for increasing the exposure time when the determined

brightness level lies in the lower range.
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11.  The apparatus of claim 8, wherein the controller is operative for
determining a brightness level of a region of interest of the image when the
illuminated target cannot be identified, for exposing the imager and for energizing the
illumination system for an exposure time based on the determined brightness level of
the region of interest of the image, and for reading the illuminated target with the

imager exposed and the illumination system energized for the exposure time.

12.  The apparatus of claim 8, wherein the object having a display

screen on which the optical target is displayed, faces the window.

13.  The apparatus of claim 8, wherein the object configured as a

workpiece on which the optical target is marked, faces the window.

14. A method of imaging optical targets, comprising:

supporting a window by a housing;

illuminating an optical target with illumination light directed
through the window and emitted from an energizable illumination system;

capturing return illumination light as an image from a field of
view extending through the window to the illuminated target and seen by an array of
light sensors of a solid-state, exposable imager;

processing the image to attempt reading the illuminated target;

identifying the illuminated target within the image;

determining a brightness level of a background region around
the illuminated target in which at least a part of the illuminated target is located when
the illuminated target cannot be read;

exposing the imager for an exposure time based on the
determined brightness level; and

reading the illuminated target with the imager exposed for the

exposure time.
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15.  The method of claim 14, and energizing the illumination

system during the exposure time.

16.  The method of claim 14, wherein the determining is performed
by determining whether the brightness level of the background region lies in an upper
range of brightness values, and by reducing the exposure time when the determined

brightness level lies in the upper range.

17.  The method of claim 14, wherein the determining is performed
by determining whether the brightness level of the background region lies in a lower
range of brightness values, and by increasing the exposure time when the determined

brightness level lies in the lower range.

18.  The method of claim 14, and determining a brightness level of
aregion of interest of the image when the illuminated target cannot be identified, and
exposing the imager for an exposure time based on the determined brightness level of
the region of interest of the image, and reading the illuminated target with the imager

exposed for the exposure time.

19.  The method of claim 14, and providing the optical target on an
object, and facing the object bearing the optical target to the window, and configuring
the object with a display screen, and displaying the optical target on the display

screen.

20.  The method of claim 14, and providing the optical target on an
object, and facing the object bearing the optical target to the window, and configuring

the object as a workpiece, and marking the optical target on the workpiece.
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