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(54) IN-FIELD DATA ACQUISITION AND FORMATTING

(57) Systems, methods, and computer-readable
storage media are provided for acquiring field device data
(e.g., imaging data such as barcode readings), extracting
patterns from the field device data, and formatting the
extracted patterns - all directly from field devices (e.g.,
barcode readers) embedded with these capabilities. The
information conveyed by the patterns extracted at the
devices embedded with these capabilities may be syn-

thesized and shown in a graphical way to end-users, for
instance, by exploiting IoT middleware platform services
available at end-user side. Accordingly, systems, meth-
ods and computer-readable storage media in accord-
ance with embodiments hereof further provide a custom-
ized visualization (e.g., a widget) aimed to make the for-
matted patterns available in an easy, intuitive and effec-
tive way.
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Description

BACKGROUND

[0001] PC-based industrial automation, human-ma-
chine interfaces ("HMIs") and Supervisory Control and
Data Acquisition ("SCADA") capabilities have been in-
dustry standard since the 1980s, allowing suppliers to
build products to run on relatively stable target platforms,
and allowing their customers to use familiar operating
systems for industrial automation applications. Tradition-
ally, remote access to these HMI/SCADA offerings has
presented several challenges but more recently it is com-
mon for users to be able to quickly and easily create
"dashboard screens" (e.g., summary screens, etc.) for
remote viewing on multiple devices, for instance, PCs,
tablets, smartphones, and the like. These screens gen-
erally are capable of being viewed using any web browser
that supports HTML5 (or other/latest HTML versions), an
industry-standard markup language used for structuring
and presenting content via the Internet and the web.
[0002] With HTML5 (or other/latest HTML versions)
technology, HMI/SCADA capabilities allow users to cre-
ate and maintain remote viewing screens compatible with
most tablets or smartphones, without a great deal of cus-
tom programming or software maintenance hassle on
the SCADA-side due to updates to remote viewing ca-
pabilities of a device’s hardware or firmware. Moreover,
large sets of data coming in from the field can be filtered,
collected and analyzed appropriately in order to extract
the real-time knowledge (e.g., trends, patterns, and the
like) that can be valuable to the end user/customer.
[0003] In the Smart Factory scenario, manufacturers
of sensor devices, including Auto ID and vision systems,
are increasingly taking advantage of the technology and
potential offered by the Internet of Things ("IoT") middle-
ware solutions already available in the factory automation
field. Designing, implementing and selling new, effective
data mining tools (along with proper visualization capa-
bilities (e.g., widgets)) is increasingly become necessary
for companies that want to remain competitive in the IoT
Digital Age. Additionally, in today’s Factory Automation
scenarios, when data mining engines are available, they
are generally Cloud-based and not practically accessible
directly from field devices (for instance, due to issues
such as complexity, bandwidth, data security/confidenti-
ality, expense, and the like).

SUMMARY

[0004] This Summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used as an aid in determining the scope of the claimed
subject matter.
[0005] In various embodiments, systems, methods,

and computer-readable storage media are provided for
effectively deploying data mining algorithms, intended as
a set of heuristics and calculations that create a data
mining model for data coming in from the field (e.g., a
factory automation field), in an embedded system (e.g.,
vision system and sensor clusters) by exploiting IoT mid-
dleware platforms available at end-user side. The tool
consists of an embedded data mining tool combined with
a remote client widget (or other visualization tool), that
equip an industrial barcode reader device (e.g., a 2D vi-
sion sensor) with powerful analytics features consisting
of, just as two possible cases, an "ease of (barcode) read-
ing" feeling and Advanced Label Recognition ("ALR") for
the end customer, anytime and everywhere.
[0006] Systems, methods, and computer-readable
storage media in accordance with embodiments of the
present invention acquire field device data (e.g., imaging
data such as barcode readings), extract patterns from
the data, and format the extracted patterns directly from
field devices (e.g., barcode readers) embedded with
these capabilities. The information conveyed by the pat-
terns extracted at the devices embedded with these ca-
pabilities may be synthesized and shown in a graphical
way to end-users, for instance, by exploiting IoT middle-
ware platform services available at end-user side. Ac-
cordingly, systems, methods and computer-readable
storage media in accordance with embodiments hereof
further provide a customized widget aimed to make the
formatted patterns available in an easy, intuitive and ef-
fective way.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention is illustrated by way of
example and not limitation in the accompanying figures
in which like reference numerals indicate similar ele-
ments and in which:

FIG. 1 is a schematic diagram showing an exemplary
computing environment in which embodiments of the
present invention may be implemented;
FIG. 2 is a schematic diagram showing an exemplary
method in accordance with embodiments of the
present invention, wherein a read and formatted la-
bel is determined to be hard to read;
FIG. 3 is a schematic diagram showing an exemplary
method in accordance with embodiments of the
present invention, wherein a read and formatted la-
bel is determined with a single read to be a good
read with a confidence indicator of 100%,
FIG. 4 is a schematic diagram showing an exemplary
method in accordance with embodiments of the
present invention, wherein a read and formatted la-
bel is determined with multiple reads to be a good
read with a confidence indicator of 100%,
FIG. 5 is a schematic diagram showing an exemplary
method in accordance with embodiments of the
present invention, wherein a read and formatted la-
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bel is determined with good read to be a partial read
with a confidence indicator of 100%,
FIG. 6 is a schematic diagram showing an exemplary
method in accordance with embodiments of the
present invention, wherein a read and formatted la-
bel is determined to be a good read with a confidence
indicator of 75%,
FIG. 7 is a flow diagram illustrating an exemplary
method for on-field data acquisition and formatting,
in accordance with exemplary embodiments of the
present invention;
FIG. 8 is a schematic diagram illustrating an exem-
plary barcode reader that may be utilized in accord-
ance with exemplary embodiments of the present
invention; and
FIG. 9 is a block diagram of an exemplary computing
environment suitable for use in implementing em-
bodiments of the present invention.

DETAILED DESCRIPTION

[0008] The subject matter of the present invention is
described with specificity herein to meet statutory re-
quirements. However, the description itself is not intend-
ed to limit the scope of this patent. Rather, the inventors
have contemplated that the claimed subject matter might
also be embodied in other ways, to include different steps
or combinations of steps similar to the ones described in
this document, in conjunction with other present or future
technologies. Moreover, although the terms "step" and/or
"block" may be used herein to connote different elements
of methods employed, the terms should not be interpret-
ed as implying any particular order among or between
various steps herein disclosed unless and except when
the order of individual steps is explicitly described.
[0009] Various aspects of the technology described
herein are generally directed to systems, methods, and
computer-readable storage media for acquiring field de-
vice data (e.g., imaging data such as barcode readings),
extracting patterns from the field device data, and for-
matting the extracted patterns - all directly from field de-
vices (e.g., barcode readers) embedded with these ca-
pabilities. The information conveyed by the patterns ex-
tracted at the devices embedded with these capabilities
may be synthesized and shown in a graphical way to
end-users, for instance, by exploiting IoT middleware
platform services available at end-user side. Accordingly,
systems, methods and computer-readable storage me-
dia in accordance with embodiments hereof further pro-
vide a customized visualization (e.g., a widget) aimed to
make the formatted patterns available in an easy, intuitive
and effective way.
[0010] Accordingly, exemplary embodiments are di-
rected to methods being performed by one or more com-
puting devices including at least one processor, the meth-
ods for on-field data acquisition and formatting. An ex-
emplary method comprises acquiring, at a field device,
field device data; extracting, at the field device, at least

one pattern from the field device data; and formatting, at
the field device, the at least one pattern to create at least
one formatted pattern that is capable of being transmitted
over a local network.
[0011] Other exemplary embodiments are directed to
sensors for on-field data acquisition and formatting. An
exemplary sensor comprises an embedded data acquir-
ing component configured for acquiring sensor data; an
embedded data mining component configured for ex-
tracting at least one pattern from the sensor data; and
an embedded data formatting component configured for
formatting the at least one pattern to create at least one
formatted pattern that is capable of being transmitted
over a local network.
[0012] Yet other exemplary embodiments are directed
to imaging sensors for on-field data acquisition and for-
matting. An exemplary imaging sensor comprises: (a) an
embedded data acquiring component configured for ac-
quiring, at the imaging sensor, a plurality of imaging data
points; (b) an embedded data extracting component con-
figured for extracting, at the imaging sensor, at least one
pattern from the plurality of imaging data points by: (1)
measuring at least one attribute pattern from the plurality
of imaging data points; (2) comparing the measured at
least one attribute pattern to a plurality of training data
patterns; and (3) based on the comparing, classifying the
measured at least one attribute pattern as a predefined
class-attribute pattern; and (c) an embedded data for-
matting component configured for formatting, at the im-
aging sensor, the at least one classified class-attribute
pattern to create at least one formatted pattern that is
capable of being transmitted over a local network.
[0013] Systems and method in accordance with em-
bodiments of the present invention combine available IoT
middleware approaches with embedded real-time ana-
lytics in order to provide simple, direct, and remote visual
knowledge to end-users without needing a Cloud-based
approach (which could be disadvantageous in terms of
complexity, cost, and confidentiality/knowledge of data,
etc.). With reference to FIG. 1, a schematic diagram
showing an exemplary computing environment and
method in which embodiments of the present invention
may be implemented is illustrated. The diagram of FIG.
1 illustrated (1) an embedded data source, (2) an em-
bedded data mining engine, (3) an embedded pattern
formatter, (4) a local network, (5) IoT middleware, (6) the
Internet, (7) (client) web browsers, and (8) a description
pattern viewer.
[0014] The embedded data source (1) includes the
hardware and the software dedicated to acquire field de-
vice sensor (e.g., imaging sensor or barcode reader) data
from the sensor. In embodiments, data selection and
cleaning may (but do not need to) lead to a great volume
of data for processing.
[0015] The data mining engine (2) includes one more
algorithms as a set of heuristics and calculations that
create a data mining model for data coming from the sen-
sor. In embodiments, data mining takes its inspiration
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from the areas of machine learning/artificial intelligence,
pattern recognition, statistics, and databases where tra-
ditional analysis techniques may be unfit for various rea-
sons including, but not limited to, volume of data, high-
dimensionality of data, and heterogeneity of data.
[0016] Exemplary common output patterns for the data
mining engine include, without limitation association
rules, classifiers, decision trees, clustering, and time se-
ries analysis. Association rules help determine the rule
of logical implication present in a database, and then to
identify the groups of affinity between objects. Classifiers
allow derivation of models for the classification of data
according to a set of classes assigned a priori. Decision
trees are special classifiers that identify, in order of im-
portance, the causes that lead to the occurrence of an
event. Clustering involves grouping elements of a set,
depending on their characteristics. With clustering, class-
es are not assigned a priori. Time series analysis allows
the detection of recurrent patterns or atypical sequences
in complex data. It will be understood and appreciated
by those having ordinary skill in the art that the described
output patterns are exemplary only and are not meant to
limit the scope of embodiments of the present invention.
[0017] In embodiments, patterns extracted as the out-
put of the data mining engine (2) need to be formatted
(e.g., coded, compressed, encrypted) in order to be
transmitted on the local network. This is the function of
the pattern formatter (3). As utilized herein, a "pattern"
may be described as a synthetic representation and rich
semantics of a set of data. In general, a pattern will ex-
press a recurrent pattern in the data, but can also express
an exceptional model. A pattern is valid on the data with
a certain degree of confidence, understandable in terms
of syntax and semantics, previously unknown and, in
some instances, potentially useful for the user to take
appropriate action.
[0018] As illustrated in FIG. 1, the local network (4) is
typically a fieldbus (e.g., Profinet, I/O, Ethernet/IP) or a
standard IEEE 802.3 local area network, accessible only
within a local IT environment and not directly from the
web. The IoT middleware (5) represents the specialized
software visual programming environment included in
the SCADA PC system. The Internet (6) is the well-known
HTTP/HTTPS/TCP/IP based network infrastructure and
protocol suite. Client web browsers (7) are client-side
applications (e.g., IE®, Chrome®, Safari®, etc.) that are
capable of downloading and interpreting HTML-based
web pages coming from the server located in the IoT
middleware. Client devices where web browsers can run
include, without limitation, laptops, tablets, smartphones,
and the like. The description pattern viewer (8) may in-
clude any remote viewer widget (or other visualization
capability) interpreted by any web browser supporting
HTML5 (or other/latest HTML versions).
[0019] An embedded tool as illustrated and described
with reference to FIG. 1, provides a formatted pattern
from the data mining process that is ready to be trans-
ferred through the network and rendered on a client de-

vice (e.g., web browser). In accordance with embodi-
ments hereof, the visualization capability (e.g., widget)
may be strictly customized on the specific data mining
output pattern.
[0020] Embodiments of the present invention provide
an automatic, self-learning analytic tool capable of ex-
plicitly, anytime and anywhere, rendering barcodes (or
other field device and/or imaging or sensor data) easy
for users to read and/or decipher. Proposed tools, in ac-
cordance with embodiments hereof, classify, in a real-
time fashion, the "ease of reading," on the field (that is,
indicate how easy data is to read or decipher) for a gen-
eral case and then illustrate this information at a remote
client environment where it is readily discernible by the
end-user. Methods in accordance with embodiments
hereof may be considered a pure-visual, web-based, bar-
code quality grading method and may be achieved by
assigning each and every barcode reading effort of a field
device to one of three class attributes: easy to read, nor-
mal effort required to read, or hard to read.
[0021] As is typical with predictive analytics, in accord-
ance with embodiments of the present invention, some
variables are utilized to predict the unknown future value
of other variables. The key is to discover, through training
(for a "learn classifier") a model for class attributes that
can express the value of a (predicted attribute) as a func-
tion of the values of other attributes. At design-time, a
collection of records is given for training purposes (a
"training set") and another is used to determine the ac-
curacy of the model (a "test set"). Each record is com-
posed of a set of attributes, one of which will express the
attribute class to which the record is to be classified.
[0022] At run time, attributes (which may be categorical
or continuous in regard to their values) are measured
and used as an input for the data mining engine (see (2)
of FIG. 2). The goal is that previously unseen records
may be assigned to a class as accurately as possible,
formatted (e.g., utilizing XML or JSON) and, through a
standard HTML5 (or other/latest HTML versions) widget,
shown to the end-user.
[0023] By way of example, FIG. 2 illustrates a sche-
matic diagram showing an exemplary method in accord-
ance with embodiments of the present invention, wherein
a read and formatted label is determined, through the
system and method described in FIG. 1, to be hard to
read. In many applications having occasion to utilize sys-
tems and methods in accordance with embodiments of
the present invention, for instance, transportation and
logistics applications, for example, barcode labels ap-
pear very similar if not substantially identical from one
carrier or item tracking system to another. By way of ex-
ample only, DHL, UPS, FEDEX and SDA labels all ap-
pear very similar to one another. In many applications
where such similarity is routine, a lot of data and infor-
mation included in the barcode symbol labels is disre-
garded and focus is, instead, placed only on those obvi-
ously distinguishing characteristics. In this way, each and
every label read is essentially read from scratch without
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data retention of recurrent characteristics. A number of
codes and their typology are set up and the output result
is one of a limited range: good/complete read (if all ex-
pected codes have been read without duplications), mul-
tiple read (if more different codes than expected have
been read), partial read (if less than the expected number
of codes have been read, but almost one), and no read
(if no codes have been read). In such a scenario, much
more information is available that could be utilized to en-
hance a read quality result. Such information includes,
without limitation, spatial coordinates of the codes related
to the label, spatial coordinates of the codes related to
other codes, code orientation compared to the label ori-
entation and/or the other code orientations, and number
of characters of each read code related to the code po-
sition inside a barcode symbol label, correlations be-
tween code content, code symbology, code position,
code length, etc.
[0024] Systems and methods in accordance with em-
bodiments of the present invention may be utilized to
extract the recurring label characteristics, allowing end
users an enhanced set of information to aid in data anal-
ysis, all of it easily useable through a simple and imme-
diate visualization capability (e.g., a widget). For in-
stance, systems and methods of the present invention
may provide end users with a confidence indicator for
the output result; an auto-recognition of false positive oc-
currences; recovery from some multiple-read situations;
in the case of a partial read or no read condition, it may
be possible to provide indications for the no read codes
such as: typology, number of characters, positions (with
a specific ROI useable for video coding purposes, if nec-
essary); and detection of any reader set up issues, e.g.,
a reader that always loses a specific code in a specific
position, a truncation, reflection, dust, some obstacle, on
the optical path, etc.
[0025] FIGS. 3-6 illustrate reading classifications hav-
ing enhanced information, in accordance with embodi-
ments of the present invention. FIG. 3 illustrates a sche-
matic diagram showing an exemplary method in accord-
ance with embodiments of the present invention, wherein
a read and formatted label is determined with a single
read to be a good read with a confidence indicator of
100%. In embodiments, the appropriate read portions of
the label may be indicated in one color (e.g., green) while
other portions that may not have been read as expected
may be alternately shown as another color (e.g., orange
indicating read but not expected and red indicating una-
ble to be read). Any and all such variations in indications
of additional information may be utilized in accordance
with embodiments of the present invention.
[0026] FIG. 4 illustrates a schematic diagram showing
an exemplary method in accordance with embodiments
of the present invention, wherein a read and formatted
label is determined with multiple reads to be a good read
with a confidence indicator of 100%. In comparing the
label of FIG. 3 to that of FIG. 4, the right hand side shows
a vertically-oriented barcode symbol that was not present

in the read of FIG. 3. This may indicate that there was a
symbol that was read and not expected (thus the "multiple
read" condition) but, as it wasn’t expected and the ex-
pected barcode symbols were still read appropriately,
the confidence indicator remains 100%. It should be not-
ed that a traditional approach would get a multiple read
result, accepting the extra code (not valid for the label).
[0027] FIG. 5 illustrates a schematic diagram showing
an exemplary method in accordance with embodiments
of the present invention, wherein a read and formatted
label is determined with good read to be a partial read
with a confidence indicator of 100%. The label shown in
FIG. 5 shows a missing label portion relative to the label
shown in FIG. 3. This indicates that less than that which
was expected was read (thus the "partial read" condition).
However, enough confidence was present in what was
expected, the confidence indicator remained at 100%.
Note that the vertically aligned barcode symbol is still
present on the right hand side of the label. This extra
label is non-problematic to the confidence score, at least
for the reasons discussed with respect to FIG. 4. It should
be noted that a traditional approach would get a good
read result, accepting the extra code (not valid for the
label).
[0028] FIG. 6 illustrates a schematic diagram showing
an exemplary method in accordance with embodiments
of the present invention, wherein a read and formatted
label is determined to be a good read with a confidence
indicator of 75%. The label shown in FIG. 6 appears sim-
ilar to that of FIG. 1 but indicates a confidence indicator
of 75%. This is an instance where color-coding or other
visual indicator of a read that did not proceed as expected
may have decreased the confidence in the overall read.
For instance, the bottom-most barcode symbol may be
colored orange to indicate the read was not in the ex-
pected position (in fact, it is slightly shifted to the right)
and thus the confidence in the overall label reading was
affected.
[0029] With reference to FIG. 7, illustrated is a flow
diagram showing a method 700 for on-field data acqui-
sition, pattern extraction, and pattern formatting, in ac-
cordance with an exemplary embodiment of the present
invention. As indicated at block 710, at a field device,
field device data is acquired. In exemplary embodiments,
the field device may comprise an imaging sensor and the
field device data may comprise imaging data. More par-
ticularly, in exemplary embodiments, the imaging sensor
may comprise a barcode reader and the imaging data
may comprise one or more laser-based or image-based
barcode readings.
[0030] As indicated at block 712, at the field device, at
least one pattern is extracted from the field device data.
In embodiments, extracting the at least one pattern may
comprise measuring at least one attribute pattern from
the field device data; comparing the measured at least
one attribute pattern to training data patterns; and based
on the comparing, classifying the measured at least one
attribute pattern as a predefined class-attribute pattern.
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In exemplary embodiments, the predefined class-at-
tribute pattern may be a measure of a quality of the field
device data from which the at least one attribute pattern
is measured. More particularly, the predefined class-at-
tribute pattern may be selected from the group consisting
of a high quality pattern, a normal quality pattern, or a
poor quality pattern. It will be understood and appreciated
by those having ordinary skill in the art that the indicated
quality-based class-attribute patterns described herein
are provided by way of example only and are not intended
to limit the scope of embodiments of the present inven-
tion.
[0031] In embodiments, a high quality predefined
class-attribute pattern may indicate that it is easy for the
field device (e.g., a barcode reader) to read particular
field device data (e.g., a barcode), a poor quality prede-
fined class-attribute pattern may indicate that it is difficult
for the field device (e.g., barcode reader) to read partic-
ular field device data (e.g., a barcode), and a normal qual-
ity predefined class-attribute pattern may indicate that is
neither easy nor difficult for the field device (e.g., barcode
reader) to read particular field device data (e.g., a bar-
code).
[0032] In other exemplary embodiments, the prede-
fined class-attribute may be a measure of a quantity of
field device data points measured as a function of a quan-
tity of field device data points expected. More particularly,
the predefined class-attribute pattern may be selected
from the group consisting of a complete read, a multiple
read, a partial read, and a no read condition. In embod-
iments, the terms "easy" and "difficult" are determined
relative to other sample or training field device data. It
will be understood and appreciated by those having or-
dinary skill in the art that the indicated quantity-based
class-attribute patterns described herein are provided by
way of example only and are not intended to limit the
scope of embodiments of the present invention.
[0033] In still further exemplary embodiments, the pre-
defined class-attribute pattern may be indicative of a con-
fidence indicator, that is, an indicator in the confidence
of the read. In embodiments, such confidence may be
expressed as a percentage.
[0034] As indicated at block 714, at the field device,
the at least one pattern is formatted to create at least one
formatted pattern that is capable of being transmitted
over a local network. In embodiments the at least one
pattern may be formatted such that the at least one for-
matted pattern is capable of utilizing at least one IoT mid-
dleware platform service for rendering a representation
of the at least one pattern at a user device. In further
embodiments, formatting the at least one pattern may
comprise at least one of coding, compressing, and en-
crypting the at least one pattern such that the at least
one formatted pattern is capable of being transmitted
over the local network.
[0035] With reference now to FIG. 8, illustrated is a
schematic diagram showing an exemplary sensor 800
(e.g., an imaging sensor) that may be utilized in accord-

ance with exemplary embodiments of the present inven-
tion. The sensor 800 includes an embedded data acquir-
ing component 810, an embedded data mining/extracting
component 812, and an embedded data formatting com-
ponent 814. The embedded data acquiring component
810 is configured for acquiring, at the sensor (e.g., im-
aging sensor) 800 sensor data, for instance, imaging sen-
sor data (e.g., barcode readings).
[0036] The embedded data mining component 812 is
configured for extracting, at the sensor (e.g., imaging
sensor) 800 at least one pattern from the sensor data. In
embodiments, the embedded data mining component
812 is configured for extracting patterns from the sensor
data by measuring at least one attribute pattern from the
sensor data (e.g., imaging data), comparing the meas-
ured at least one attribute pattern to training data pat-
terns, and based on the comparing, classifying the meas-
ured at least one attribute pattern as a predefined class-
attribute pattern. In exemplary embodiments, the prede-
fined class-attribute pattern may be a measure of a qual-
ity of the sensor data from which the at least one attribute
pattern is measured. More particularly, the predefined
class-attribute pattern may be selected from the group
consisting of a high quality pattern, a normal quality pat-
tern, or a poor quality pattern. It will be understood and
appreciated by those having ordinary skill in the art that
the indicated quality-based class-attribute patterns de-
scribed herein are provided by way of example only and
are not intended to limit the scope of embodiments of the
present invention.
[0037] In embodiments, a high quality predefined
class-attribute pattern may indicate that it is easy for the
sensor (e.g., a barcode reader) to read particular sensor
data (e.g., a barcode), a poor quality predefined class-
attribute pattern may indicate that it is difficult for the sen-
sor (e.g., barcode reader) to read particular sensor data
(e.g., a barcode), and a normal quality predefined class-
attribute pattern may indicate that is neither easy nor dif-
ficult for the sensor (e.g., barcode reader) to read partic-
ular sensor data (e.g., a barcode).
[0038] In other exemplary embodiments, the prede-
fined class-attribute may be a measure of a quantity of
sensor data points measured as a function of a quantity
of sensor data points expected. More particularly, the
predefined class-attribute pattern may be selected from
the group consisting of a complete read, a multiple read,
a partial read, and a no read condition. In embodiments,
the terms "easy" and "difficult" are determined relative to
other sample or training sensor data. It will be understood
and appreciated by those having ordinary skill in the art
that the indicated quantity-based class-attribute patterns
described herein are provided by way of example only
and are not intended to limit the scope of embodiments
of the present invention.
[0039] In still further exemplary embodiments, the pre-
defined class-attribute pattern may be indicative of a con-
fidence indicator, that is, an indicator in the confidence
of the read. In embodiments, such confidence may be
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expressed as a percentage.
[0040] The embedded data formatting component 814
is configured for, at the sensor (e.g., imaging sensor) 800
formatting the at least one pattern to create at least one
formatted pattern that is capable of being transmitted
over a local network. In embodiments the at least one
pattern may be formatted such that the at least one for-
matted pattern is capable of utilizing at least one IoT mid-
dleware platform service for rendering a representation
of the at least one pattern at a user device. In further
embodiments, formatting the at least one pattern may
comprise at least one of coding, compressing, and en-
crypting the at least one pattern such that the at least
one formatted pattern is capable of being transmitted
over the local network.

Exemplary Operating Environment

[0041] Having described an overview of embodiments
of the present invention, an exemplary operating envi-
ronment in which embodiments of the present invention
may be implemented is described below in order to pro-
vide a general context for various aspects of the present
invention. Referring to FIG. 9, an exemplary operating
environment for implementing embodiments of the
present invention is shown and designated generally as
computing device 900. The computing device 900 is but
one example of a suitable computing environment and
is not intended to suggest any limitation as to the scope
of use or functionality of embodiments of the invention.
Neither should the computing device 900 be interpreted
as having any dependency or requirement relating to any
one component nor any combination of components il-
lustrated.
[0042] Embodiments of the invention may be de-
scribed in the general context of computer code or ma-
chine-useable instructions, including computer-useable
or computer-executable instructions such as program
modules, being executed by a computer or other ma-
chine, such as a personal data assistant or other hand-
held device. Generally, program modules include rou-
tines, programs, objects, components, data structures,
and the like, and/or refer to code that performs particular
tasks or implements particular abstract data types. Em-
bodiments of the invention may be practiced in a variety
of system configurations, including, but not limited to,
hand-held devices, unattended scanning systems (e.g.,
laser-based or image-based) consumer electronics, gen-
eral-purpose computers, more specialty computing de-
vices, and the like. Embodiments of the invention may
also be practiced in distributed computing environments
where tasks are performed by remote-processing devic-
es that are linked through a communications network.
[0043] With continued reference to FIG. 9, the comput-
ing device 900 includes a bus 910 that directly or indi-
rectly couples the following devices: a memory 912, one
or more processors 914, one or more presentation com-
ponents 916, one or more input/output (I/O) ports 918,

one or more I/O components 920, and an illustrative pow-
er supply 922. The bus 910 represents what may be one
or more busses (such as an address bus, data bus, or
combination thereof). Although the various blocks of FIG.
9 are shown with lines for the sake of clarity, in reality,
these blocks represent logical, not necessarily actual,
components. For example, one may consider a presen-
tation component such as a display device to be an I/O
component. Also, processors have memory. The inven-
tors hereof recognize that such is the nature of the art,
and reiterate that the diagram of FIG. 9 is merely illus-
trative of an exemplary computing device that can be
used in connection with one or more embodiments of the
present invention. Distinction is not made between such
categories as "workstation," "server," "laptop," "hand-
held device," etc., as all are contemplated within the
scope of FIG. 1 and reference to "computing device."
[0044] The computing device 900 typically includes a
variety of computer-readable media. Computer-readable
media may be any available media that is accessible by
the computing device 900 and includes both volatile and
nonvolatile media, removable and non-removable me-
dia. Computer-readable media comprises computer stor-
age media and communication media; computer storage
media excluding signals per se. Computer storage media
includes volatile and nonvolatile, removable and non-re-
movable media implemented in any method or technol-
ogy for storage of information such as computer-readable
instructions, data structures, program modules or other
data. Computer storage media includes, but is not limited
to, RAM, ROM, EEPROM, flash memory or other mem-
ory technology, CD-ROM, digital versatile disks (DVD)
or other optical disk storage, magnetic cassettes, mag-
netic tape, magnetic disk storage or other magnetic stor-
age devices, or any other medium which can be used to
store the desired information and which can be accessed
by the computing device 900. Communication media, on
the other hand, embodies computer-readable instruc-
tions, data structures, program modules or other data in
a modulated data signal such as a carrier wave or other
transport mechanism and includes any information de-
livery media. The term "modulated data signal" means a
signal that has one or more of its characteristics set or
changed in such a manner as to encode information in
the signal. By way of example, and not limitation, com-
munication media includes wired media such as a wired
network or direct-wired connection, and wireless media
such as acoustic, RF, infrared and other wireless media.
Combinations of any of the above should also be included
within the scope of computer-readable media.
[0045] The memory 912 includes computer-storage
media in the form of volatile and/or nonvolatile memory.
The memory may be removable, non-removable, or a
combination thereof. Exemplary hardware devices in-
clude solid-state memory, hard drives, optical-disc
drives, and the like. The computing device 900 includes
one or more processors that read data from various en-
tities such as the memory 912 or the I/O components
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920. The presentation component(s) 916 present data
indications to a user or other device. Exemplary presen-
tation components include a display device, speaker,
printing component, vibrating component, and the like.
[0046] The I/O ports 918 allow the computing device
900 to be logically coupled to other devices including the
I/O components 920, some of which may be built in. Il-
lustrative I/O components include a microphone, joystick,
game pad, satellite dish, scanner, printer, wireless de-
vice, a controller, such as a stylus, a keyboard and a
mouse, a natural user interface (NUI), and the like.
[0047] A NUI processes air gestures, voice, or other
physiological inputs generated by a user. These inputs
may be interpreted, for instance, as words or symbols
appearing in programs and/or apps, and the like present-
ed by the computing device 900. A NUI implements any
combination of speech recognition, touch and stylus rec-
ognition, facial recognition, biometric recognition, ges-
ture recognition both on screen and adjacent to the
screen, air gestures, head and eye tracking, and touch
recognition associated with displays on the computing
device 100. The computing device 900 may be equipped
with depth cameras, such as, stereoscopic camera sys-
tems, infrared camera systems, RGB camera systems,
and combinations of these for gesture detection and rec-
ognition. Additionally, the computing device 900 may be
equipped with accelerometers or gyroscopes that enable
detection of motion. The output of the accelerometers or
gyroscopes may be provided to the display of the com-
puting device 900 to render immersive augmented reality
or virtual reality. Aspects of the subject matter described
herein may be described in the general context of com-
puter-executable instructions, such as program modules,
being executed by a mobile device. Generally, program
modules include routines, programs, objects, compo-
nents, data structures, and so forth, which perform par-
ticular tasks or implement particular abstract data types.
Aspects of the subject matter described herein may also
be practiced in distributed computing environments
where tasks are performed by remote processing devices
that are linked through a communications network. In a
distributed computing environment, program modules
may be located in both local and remote computer stor-
age media including memory storage devices. The com-
puter-useable instructions form an interface to allow a
computer to react according to a source of input. The
instructions cooperate with other code segments to initi-
ate a variety of tasks in response to data received in
conjunction with the source of the received data.

Exemplary Features Having Multiple Dependency:

[0048] As used herein and in connection with the fea-
tures listed hereinafter, the terminology "any of features"
or similar variations of said terminology is intended to be
interpreted such that features may be combined in any
combination. For example, an exemplary feature 4 may
indicate the method/apparatus of any of features 1

through 3, which is intended to be interpreted such that
elements of feature1 and feature 4 may be combined,
elements of feature 2 and feature 4 may be combined,
elements of feature 3 and 4 may be combined, elements
of features 1, 2, and 4 may be combined, elements of
features 2, 3, and 4 may be combined, elements of fea-
tures 1, 2, 3, and 4 may be combined, and/or other var-
iations.
[0049] Further, the terminology "any of features" or
similar variations of said terminology is intended to in-
clude "any one of features" or other variations of such
terminology, as indicated by some of the examples pro-
vided above.

Feature 1: A method being performed by one or more
computing devices including at least one processor,
the method for on-field data acquisition and format-
ting, and comprising: (1) acquiring, at a field device,
field device data; (2) extracting, at the field device,
at least one pattern from the field device data; and
(3) formatting, at the field device, the at least one
pattern to create at least one formatted pattern that
is capable of being transmitted over a local network.
Feature 2: A method according to feature 1, wherein
the field device comprises an imaging sensor, and
wherein the field device data comprises imaging da-
ta.
Feature 3: A method according to feature 2, wherein
the imaging sensor comprises a barcode reader, and
wherein the imaging data comprises one or more
barcode readings.
Feature 4: A method according to any of features
1-3, wherein extracting the at least one pattern from
the field device data comprises: (1) measuring at
least one attribute pattern from the field device data;
(2) comparing the measured at least one attribute
pattern to training data patterns; and (3) based on
the comparing, classifying the measured at least one
attribute pattern as a predefined class-attribute pat-
tern.
Feature 5: A method according to feature 4, wherein
the predefined class-attribute pattern is a measure
of a quality of the field device data from which the at
least one attribute pattern is measured.
Feature 6: A method according to feature 5, wherein
the predefined class-attribute pattern is selected
from the group consisting of: high quality, normal
quality, and poor quality. Feature 7: A method ac-
cording to feature 6, wherein a high quality prede-
fined class-attribute pattern indicates field device da-
ta that is easy for the field device to read, a poor
quality predefined class-attribute pattern indicates
field device data that is difficult for the field device to
read, and wherein a normal quality predefined class-
attribute pattern indicates field device data that is
neither easy nor difficult for the field device to read.
Feature 8: A method according to feature 5, wherein
the predefined class-attribute pattern is a measure
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of a quantity of field device data points measured as
a function of a quantity of field device data points
expected.
Feature 9: A method according to feature 8, wherein
the predefined class-attribute pattern is selected
from the group consisting of: a complete read, a mul-
tiple read, a partial read, and a no read.
Feature 10: A method according to feature 5, where-
in the predefined class-attribute pattern is a confi-
dence indicator.
Feature 11: A method according to any of claims
1-10, wherein formatting the at least one pattern fur-
ther includes formatting the at least one pattern to
create the at least one formatted pattern such that
the at least one formatted pattern is capable of uti-
lizing at least one IoT middleware platform service
for rendering a representation of the at least one pat-
tern at a user device.
Feature 12: A method according to any of claims
1-11, wherein formatting the at least one pattern
comprises at least one of coding, compressing, and
encrypting the at least one pattern such that the at
least one formatted pattern is capable of being trans-
mitted over the local network.
Feature 13: A sensor for on-field data acquisition and
formatting, the sensor comprising: (1) an embedded
data acquiring component configured for acquiring
sensor data; (2) an embedded data mining compo-
nent configured for extracting at least one pattern
from the sensor data; and (3) an embedded data
formatting component configured for formatting the
at least one pattern to create at least one formatted
pattern that is capable of being transmitted over a
local network.
Feature 14: A sensor according to feature 13, where-
in the sensor comprises an imaging sensor, and
wherein the sensor data comprises imaging data.
Feature 15: A sensor according to feature 14, where-
in the imaging sensor comprises a barcode reader,
and wherein the imaging data comprises one or more
barcode readings.
Feature 16: A sensor according to any of features
13-15, wherein the embedded data mining compo-
nent is further configured for: (1) measuring at least
one attribute pattern from the sensor data; (2) com-
paring the measured at least one attribute pattern to
training data patterns; and (3) based on the compar-
ing, classifying the measured at least one attribute
pattern as a predefined class-attribute pattern.
Feature 17: A sensor according to feature 16, where-
in the predefined class-attribute pattern is a measure
of a quality of the sensor data from which the at least
one attribute pattern is measured.
Feature 18: A sensor according to feature 17, where-
in the predefined class-attribute pattern is selected
from the group consisting of: high quality, normal
quality, and poor quality.
Feature 19: A sensor according to feature 18, where-

in a high quality predefined class-attribute pattern
indicates sensor data that is easy for the sensor to
read, a poor quality predefined class-attribute pat-
tern indicates sensor data that is difficult for the sen-
sor to read, and wherein a normal quality predefined
class-attribute pattern indicates sensor data that is
neither easy nor difficult for the sensor to read.
Feature 20: A sensor according to feature 16, where-
in the predefined class-attribute pattern is a measure
of a quantity of sensor data points measured as a
function of a quantity of sensor data points expected.
Feature 21: A sensor according to feature 20, where-
in the predefined class-attribute pattern is selected
from the group consisting of: a complete read, a mul-
tiple read, a partial read, and a no read.
Feature 22: A sensor according to feature 16, where-
in the predefined class-attribute pattern is a confi-
dence indicator.
Feature 23: A sensor according to any of features
13-22, wherein the embedded data formatting com-
ponent is further configured for formatting the at least
one pattern to create the at least one formatted pat-
tern such that the at least one formatted pattern is
capable of utilizing at least one IoT middleware plat-
form service for rendering a representation of the at
least one pattern at a user device.
Feature 24: A sensor according to any of features
13-23, wherein the embedded data formatting com-
ponent formats the at least one pattern by at least
one of coding, compressing, and encrypting the at
least one pattern such that the at least one formatted
pattern is capable of being transmitted over the local
network.
Feature 25: An imaging sensor for on-field data ac-
quisition and formatting, the imaging sensor com-
prising: (1) an embedded data acquiring component
configured for acquiring, at the imaging sensor, a
plurality of imaging data points; (2) an embedded
data extracting component configured for extracting,
at the imaging sensor, at least one pattern from the
plurality of imaging data points by: (a) measuring at
least one attribute pattern from the plurality of imag-
ing data points; (b) comparing the measured at least
one attribute pattern to a plurality of training data
patterns; and (c) based on the comparing, classifying
the measured at least one attribute pattern as a pre-
defined class-attribute pattern; and (3) an embedded
data formatting component configured for format-
ting, at the imaging sensor, the at least one classified
class-attribute pattern to create at least one format-
ted pattern that is capable of being transmitted over
a local network.
Feature 26: An imaging sensor according to feature
25, wherein the imaging sensor comprises a barcode
reader, and wherein the plurality of imaging data
comprises one or more barcode readings.

[0050] As can be understood, embodiments of the
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present invention provide systems, methods, and com-
puter-readable storage media for, among other things,
on-field acquisition, pattern extraction, and formatting of
barcode reading device data. The present invention has
been described in relation to particular embodiments,
which are intended in all respects to be illustrative rather
than restrictive. Alternative embodiments will become
apparent to those of ordinary skill in the art to which the
present invention pertains without departing from its
scope.
[0051] While the invention is susceptible to various
modifications and alternative constructions, certain illus-
trated embodiments thereof are shown in the drawings
and have been described above in detail. It should be
understood, however, that there is no intention to limit
the invention to the specific forms disclosed, but on the
contrary, the intention is to cover all modifications, alter-
native constructions, and equivalents falling within the
spirit and scope of the invention.

Claims

1. A method being performed by one or more comput-
ing devices including at least one processor, the
method for on-field data acquisition and formatting,
and comprising:

acquiring, at a field device, field device data;
extracting, at the field device, at least one pat-
tern from the field device data; and
formatting, at the field device, the at least one
pattern to create at least one formatted pattern
that is capable of being transmitted over a local
network.

2. The method of claim 1, wherein the field device com-
prises an imaging sensor, and wherein the field de-
vice data comprises imaging data.

3. The method of claim 2, wherein the imaging sensor
comprises a barcode reader, and wherein the imag-
ing data comprises one or more barcode readings.

4. The method of claim 1, wherein extracting the at least
one pattern from the field device data comprises:

measuring at least one attribute pattern from the
field device data;
comparing the measured at least one attribute
pattern to training data patterns; and
based on the comparing, classifying the meas-
ured at least one attribute pattern as a prede-
fined class-attribute pattern.

5. The method of claim 4, wherein the predefined class-
attribute pattern is a measure of a quality of the field
device data from which the at least one attribute pat-

tern is measured.

6. The method of claim 5, wherein the predefined class-
attribute pattern is selected from the group consisting
of: high quality, normal quality, and poor quality.

7. The method of claim 6, wherein a high quality pre-
defined class-attribute pattern indicates field device
data that is easy for the field device to read, a poor
quality predefined class-attribute pattern indicates
field device data that is difficult for the field device to
read, and wherein a normal quality predefined class-
attribute pattern indicates field device data that is
neither easy nor difficult for the field device to read.

8. The method of claim 5, wherein the predefined class-
attribute pattern is a measure of a quantity of field
device data points measured as a function of a quan-
tity of field device data points expected.

9. The method of claim 8, wherein the predefined class-
attribute pattern is selected from the group consisting
of: a complete read, a multiple read, a partial read,
and a no read.

10. The method of claim 5, wherein the predefined class-
attribute pattern is a confidence indicator.

11. The method of claim 1, wherein formatting the at
least one pattern further includes formatting the at
least one pattern to create the at least one formatted
pattern such that the at least one formatted pattern
is capable of utilizing at least one IoT middleware
platform service for rendering a representation of the
at least one pattern at a user device.

12. The method of claim 1, wherein formatting the at
least one pattern comprises at least one of coding,
compressing, and encrypting the at least one pattern
such that the at least one formatted pattern is capa-
ble of being transmitted over the local network.

13. A sensor for on-field data acquisition and formatting,
the sensor comprising:

an embedded data acquiring component config-
ured for acquiring sensor data;
an embedded data mining component config-
ured for extracting at least one pattern from the
sensor data; and
an embedded data formatting component con-
figured for formatting the at least one pattern to
create at least one formatted pattern that is ca-
pable of being transmitted over a local network.

14. The sensor of claim 13, wherein the sensor compris-
es an imaging sensor, and wherein the sensor data
comprises imaging data or a plurality of imaging data
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points.

15. The sensor of claim 14, wherein the imaging sensor
comprises a barcode reader, and wherein the imag-
ing data or the plurality of imaging data points com-
prises one or more barcode readings.
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