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(57) Abstract: An efficient method and system to enhance digital acquisition devices for analog data is presented. The enhance-
ments offered by the method and system are available to the user in local as well as in remote deployments. The quality enhancements
of the acquired digital data are achieved efficiently by employing virtual reacquisition. The method of virtual reacquisition renders
unnecessary the physical reacquisition of the analog data in case the digital data obtained by the acquisition device are of insufficient
quality. The method and system comprises: storing data received from a data capture device as one or more data segments within a
random access cache and in a manner that is randomly accessible; obtaining the data from the random access cache ; analyzing with
an analytic engine the cached data to determine when to use different processor control settings; and randomly accessing the one
or more data segments stored in the random access cache to reprocess the one or more data segments with the different processor
control settings .
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SYSTEMS AND METHODS OF ACCESSING RANDOM ACCESS CACHE FOR
RESCANNING

[0001] The present application claims priority benefit under 35 U.S.C. §
119(e) from U.S. Provisional Application No. 60/665,067, filed March 24, 2005,
titted SYSTEMS AND METHODS FOR ENHANCING DIGITAL ACQUISITION
DEVICES FOR ANALOG DATA IN LOCAL AS WELL AS REMOTE
DEPLOYMENTS, the entirety of which is hereby incorporated herein by
reference.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The present invention relates to systems and methods for
improving the quality of data acquired by data acquisition devices. The user can

be located locally or remotely from the data acquisition device.

Description of the Related Art

[0003] Data acquisitioh devices for analog data transform analog data
to digital data. A typical example is a scanning device. It takes as input an
image printed onto a sheet of paper and outputs a digital representation of the
physical image. The quality obtained by the acquisition device depends strongly
on using the device with settings that are suited for the specifics of the given
analog data. For example, the scanner settings useful to achieve a high quality
scanned image of a sunset are rather different from the settings used to scan a
pictufe taken in the broad sunlight of a summer day. Finding better or optimal
settings given the specifics of the analog data is a time consuming process that
often makes it necessary to acquire the analog data more than once using
different settings of the acquisition device. This becomes particularly unpractical
and inefficient when the recipient of the digital data and the data acquisition
device are at different locations.

[0004] The following example illustrates the inefficiency of the current
technology. The recipient of a fax is unsatisfied with the quality of the received
fax. In order to obtain a better quality fax, the recipient has to, e.g. by using a

-
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phone, inform a person located at the origination of the fax and request to resend
the fax with different settings. 4

[0005] Furthermore, given temporary analog data, the determination of
improved acquisition settings using physical reacquisition of the analog data is
either impossible or less feasible within a narrow time frame.

[0006] In current remote data acquisition applications, analog data are
acquired digitally by using, for example, a scanning device or a digital copy
machine. The digitalized data are then sent to a remote recipient via a network.
Current methods of remote digital acquisition application do not provide the
remote recipient of the acquired data with remote control of the data acquisition
device.

SUMMARY OF THE INVENTION

[0007] Embodiments include methods of virtual reacquisition of data for
the purpose of quality enhancements. In an embodiment, virtual reacquisition for
quality enhancement may be used for scanning devices, and other data
acquisition devices, such as, for example, digital copiers, fax machines,
multifunctional peripherals, infrared cameras, acoustic cameras, digital cameras,
mobile phones with built in digital cameras, and the like. Virtual reacquisition can
be used with any analog or digital source including, for example, voice, acoustic
measurements for monitoring devices, temperature, video, and the like.

[0008] The input stream of an acquisition device for analog data can be
either discrete or continuous. In addition, the input stream can be a function of
time or space. Regardless of these modalities, the resulting data are contained
in an ordered set of discrete units. The order of the set contains the information
of the time or space direction of the input stream. In case of a continuous input
stream, the acquisition device generates discrete units by subdividing the
continuous input stream in bins. For example, the input to a video camera is
continuous, and the resulting data are given by the ordered set of picture frames
taken by the camera with each picture frame being an instance of the
aforementioned discrete units. A batch of paper sheets fed into a scanning
device is an example of a discrete input stream, and the discrete data are
defined by the paper sheets.
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[0009] One embodiment presented here is an efficient method and
system for enhancing the digital data obtained by an acquisition device for
analog data. The enhancements are obtained using virtual reacquisition of the
analog data. The method of virtual reacquisition stores the raw data acquired by
the acquisition device in a cache. The data processor accesses the raw data
from the cache allowing the reprocessing of the raw data by the data processor
without physically reacquiring the data by the acquisition device.

[0010] An embodiment stores as many of the incoming data units at
the cache as possible, given the cache size. In certain embodiments, new
storage for incoming data is created by deleting the data units that have resided
at the cache the longest. In addition, or in other embodiments, data units are
assigned priorities and data units with lower priorities are overwritten with new
data units before data units with higher priorities.

[0011] An embodiment has the capability of virtually reacquiring the
most current or more currently used data units acquired by the acquisition device.
Alternatively, the user can, via a selection mechanism, virtually reacquire the raw
data or subsections of the raw data stored at the cache. The method of virtual
reacquisition renders unnecessary the time and labor consuming physical
reacquisition of the analog data. Furthermore, in instances where physical
reacquisition of the data is impossible, e.g. in the case of a time dependant input
stream, the application of virtual reacquisition is especially valuable.

[0012] An additional application of virtual reacquisition is given when
the acquisition rate of the acquisition device is too high for the output
communication system and as default, compressed low resolution data are
transferred. Using virtual reacquisition the recipient of the data can selectively
access and reprocess the original high resolution data despite the constraint
given by the bandwidth of the transmission.

[0013] In additon, an embodiment of the method and system
presented here utilizes virtual reacquisition to efficiently determine improved or
optimal acquisition device settings. The improved or optimal settings can be
found interactively in real time as well as in non-real time, automatically by the
system itself, or using a combination thereof, depending on the specific
embodiment. Furthermore, the method and system facilitates the control of
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digital acquisition devices by alerting the user automatically about potentially low
quality digital data or changes in the input stream, that might be of interest to the’
user, by analyzing the data and comparing the results against some user defined
thresholds. This feature is of value, for example, in deployments using or
requiring the acquisition of large amounts of analog data.

[0014] In addition, the method of virtual reacquisition in combination
with remote deployment, as presented in an embodiment, offers the potential of
large efficiency gains in a large variety of business processes, e.g. security
surveillance applications. For example, a building is monitored using a video
system and, owing to the available bandwidth, low resolution data are transmitted
to a central location. By analyzing the data, the system detects events that are
potentially of interest for the person monitoring the system and triggers the
transmission of high resolution data to the user utilizing virtual reacquisition.

[0015] By transferring as default the processed data instead of the raw
uncompressed data, the remote application of an embodiment makes efficient
use of storage and of the network reducing or minimizing the hardware usage or
requirements on storage as well as the network.

[0016] Furthermore, an embodiment of the method and system
presented here allows multiple users to share the usage of one or multiple
analog acquisition devices. Each user can process the same raw data with
different setting of the data processor enabling each individual user to process
the raw data according to his or her personal preferences and needs.

[0017] Finally, an embodiment of the method and system can be
independently applied to subsections of the acquired discrete data units, i.e. the
user can select subsections of the acquired data unit and process the selected
subsections differently. For example, given a scanned image displaying an
image and text, the user can subdivide the acquired data unit in two zones with
one containing the image and the other text and can virtual reacquire the zones
using settings most suited or better suited for the selected zone.

[0018] As mentioned above, an embodiment of the method and system
presented here has the capability of determining improved or optimal processor
settings automatically by deploying potentially one or more analytic engines. For

example, a first analytic engine (engine 1) takes as input the raw data, whereas a
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second analytic engine (engine 2) uses the processed data as input. The second
engine determines the quality of the processed data using a metric. It selects
new processor settings either randomly or depending on the quality of the
processed data as determined by the metric. The raw data are reprocessed
using the new settings. This process continues until convergence, i.e. until the
metric cannot detect any improvements in the quality of the processed data. The
functions performed by the first analytic engine are, but are not limited to, page
boundaries detection, background smoothing, bleed-through detection, color
detection, and orientation detection, and the like.

[0019] Page boundaries detection is useful for efficient page skew
correction. In an embodiment, the page boundaries detection detects the page
against a variety of backgrounds and, thus, allows page skew correction and
cropping for white background scanners as well as black background scanners.

[0020] An embodiment of a background smoothing method addresses
the need or desire to reduce the number of colors within the backgrounds of an
image to improve the appearance of the image as well as decrease the size of
the image after compression. An embodiment of the method works as follows.
Cluster all or a portion of the colors found in the image and select those that
contain enough pixels to be considered backgrounds. These backgrounds are
then merged, and all or a portion of the pixels within the image belonging to a
background cluster are replaced by the average color within the cluster.

[0021] An embodiment of the bleed-through detection detects bleed-
through on otherwise blank sides of scanned documents in order to perform
further image processing on these pages. An embodiment of this algorithm uses
page boundary detection within front and back scanned images to approximately
match side coordinates. Then, the algorithm uses existing color or gray content
to fine-tune the mapping. This additional step is useful because of slightly
different optics and skews of front and back cameras. If residual (unexplained)
content fall below certain density criterion, the page is called blank.

[0022] In an embodiment, the color detection addresses the need or
desire to detect the color content in a scanned image and the need or desire to
distinguish between the foreground and background color. An embodiment of

this algorithm provides a mechanism to eliminate the background color if it is a
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predominant color or the most predominant color in the document. An
embodiment of this algorithm examines pixels in the scanned image and
determines if they are a color pixel or a background pixel. This determination
uses the saturation and luminance levels of the pixel.

[0023] In an embodiment, orientation detections determine
automatically which way to orthogonally rotate a text page for viewing. An
embodiment of the algorithm selects possible individual characters from
connected components of black within the page and determines their individual
orientations by a trained neural network. The algorithm uses the orientation
resuits as votes to decide which orientation of the page is best or an
improvement.

[0024] In an embodiment, virtual reacquisition is implemented as
software and is independent from the acquisition device. The users of the
acquisition device can interactively enhance the quality of the digital
representation of the acquired analog data by changing the processor settings.
The possible adjustments include, but are not limited to, brightness, contrast,
gamma, erosion, orientation, segmentation, color rendering, saturation,
resolution, warping angle, out of sequence detection, dilation, speckle removal,
and skew angle. The embodiment is of value, for example, in connection with
acquisition devices that, owing to their limited hardware capabilities, are generally
incapable of producing consistently high quality digital data given, as input, a
large variety of analog data. In these instances, the embodiment is a cost
effective method to enhance the capabilities and usability of the acquisition
device.

[0025] Furthermore, an embodiment allows the users of the acquisition
device to acquire the digital data according to their individual preferences and
requirements.

[0026] Another advantage, in an embodiment, is virtual reacquisition’s
independence from the acquisition device. The algorithms employed by virtual
reacquisition typically progress on a considerably faster pace than the
improvements to the hardware of the acquisition devices. The user can easily

take advantage of the algorithmic improvements by simply updating the virtual
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reacquisition software. This feature is of value, for example, for expensive high
end scanners by reducing or minimizing the scanners depreciation.

[0027]  In a further embodiment, the embodiments described above are
deployed remotely and, thus, offers the capabilities of virtual reacquisition to one
or more remote recipients of the digital data. The implementation may be
software, firmware, hardware, or any combination of software, firmware, or
hardware.

[0028] An example of an embodiment is within the usage of fax server
machines. The data are rendered in high definition analog form, stored at the
data cache of the fax communication server, and the binary data, obtained by
using default settings and attributes, are sent to their respective destinations.
Through a call back protocol, implemented at the fax server machine, the
recipient of the fax can select a specific image or a scaled area of an image from
the images stored at the fax server and specify the processor settings and
attributes for the selected image. The selected image or scaled area of the
image is reprocessed according to the specified settings and transmitted to the
recipient.

[0029] Image sets are stored in the cache at the fax server. When the
cache is full or when the image is fully processed by the user, the images are
either erased, replaced by the transmitted image, stored in a database, or any
combination thereof. This embodiment enables the recipient of the fax to
enhance the quality of the received fax directly on his desktop or application,
rendering obsolete the resending of the fax-in case of insufficient image quality.

[0030] In addition, the above mentioned call back protocol allows the
recipient to alert the sender to irreversible potential problems such as, white
pages. Finally, the sender does not have to guess improved or optimal settings
while sending the fax.

[0031] In a further embodiment, virtual reacquisition is enhanced by an
analytic engine that takes as input the raw data of the acquisition device. The
analytic engine automatically determines improved or close to optimal settings for
the acquisition device. Additionally, it automatically monitors the quality of the
digital data obtained by the acquisition device and alerts the user when the

quality is below a predetermined threshold. The user can adjust the threshold to
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his or her preferences. In addition, the user can overwrite the acquisition device
settings determined by the analytic engine and interactively adjust the settings
manually when necessary or desired.

[0032] In an embodiment, the interactive adjustments can be done in
non real-time, and thus, do not interrupt the flow of incoming data. This
embodiment is of interest, for example, for deployments that use or require the
acquisition of large amounts of analog data. It allows a nearly automatic data
acquisition and still ensures high quality of the resulting digital data. Typical
examples are copier rooms or facilities that electronically archive large amounts
of paper documents using scanning devices.

[0033] In an embodiment, virtual reacquisition enhanced by an analytic
engine may be implemented as software, firmware, hardware, or any
combination of software, firmware, or hardware. The hardware implementation
offers advantages with regard to speed compared to the software implementation
and allows handling high volumes of data fast and efficient.

[0034] In a further embodiment, the virtual reacquisition enhanced by
the analytic engine is deployed remotely. Remotely deployed virtual reacquisition
enhanced by an analytic engine may be implemented as software, firmware,
hardware, or any combination of software, firmware, or hardware.

[0035] In a further embodiment, the virtual reacquisition is enhanced by
a first and a second analytic engine. The second analytic engine analyzes the
processed digital data obtained with specific data processor settings from the first
analytic engine. Utilizing this information, the second analytic engine estimates a
new set of data processor settings and the raw data are virtually reacquired using
the new settings.

[0036] In an embodiment, this process is iterated until sufficiently
improved settings or the optimal settings have been determined automatically.
Virtual reacquisition enhanced by a first and a second analytic engine may be
implemented as software, firmware, hardware, or any combination of software,
firmware, or hardware.

[0037] In a further embodiment, virtual reacquisition enhanced by a first
and a second analytic engine is deployéd remotely. Remotely deployed virtual

reacquisition enhanced by a first and a second analytic engine may be
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implemented as software, firmware, hardware, or any combination of software,
firmware, or hardware.

[0038] In an embodiment, a data processing system comprises a
random access cache that receives data from a data capture device, where the
data is stored as one or more data segments within the random access cache
and in a manner that is randomly accessible, and a processor in communication
with the random access cache, where the processor is configured to obtain the
data from the random access cache. The processor has processor control
settings that are used to process the data. The data processing system further
comprises an acquisition controller interconnected with the processor. The
acquisition controller is configured to analyze the processed data to determine
when to use different processor control settings and where the processor
randomly accesses the one or more data segments stored in the random access
cache to reprocess the one or more data segments with the different processor
control settings.

[0039] In another embodiment, a data processing method comprises
storing data received from a data capture device as one or more data segments
within a random access cache and in a manner that is randomly accessible, and
obtaining the data from the random access cache. The method further
comprises analyzing with an analytic engine the cached data to determine when
to use different processor control settings, and randomly accessing one or more
data segments stored in the random access cache to reprocess one or more
data segments with the different processor control settings.

[0040] In a further embodiment, a data processing system comprises a
storing means for storing data received from a data capture device as multiple
bands within the storing means and in a manner that is randomly accessible, and
a processing means for obtaining the data from the storing means and for
processing the data with processor control settings. The method further
comprises an analyzing means for analyzing the processed data to determine
when to use different processor control settings, and an accessing means for
randomly accessing at least one band stored in the storing means to reprocess

the band with the different processor control settings.
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[0041] In an embodiment, a document processing system comprises a
random access cache that receives a document from a scanner, where the
document is stored as one or more data segments within the random access
cache and in a manner that is randomly accessible, and a processor in
communication with the random access cache, where the processor is
configured to obtain the document from the random access cache. The
processor has processor control settings that are used to process the document.
The document processing system further comprises an acquisition controller
interconnected with the processor. The acquisition controller is configured to
analyze the processed document to determine when to use different processor
control settings on the one or more data segments within the document and
where the processor randomly accesses the one or more data segments stored
in the random access cache to reprocess the band with the different processor
control settings.

[0042] In another embodiment, a document processing method
comprises storing a document received from a scanner as multiple bands within
a random access cache and in a manner that is randomly accessible, obtaining a
document from the random access cache, and processing the document using
processor control settings. The method further comprises analyzing with an
analytic engine the processed document to determine when to use different
processor control settings on at least one band within the document, and
randomly accessing the at least one band stored in the random access cache to
reprocess the band with the different processor control settings.

[0043] In a further embodiment, a document processing system
comprises a storing means for storing a document received from a scanner as
multiple bands within the storing means and in a manner that is randomly
accessible and a processing means for obtaining a document from the storing
means and for processing the document with processor control settings. The
document processing system further comprises an analyzing means for
analyzing the processed document to determine when to use different processor
control settings on at least one band within the document, and an accessing
means for randomly accessing the at least one band stored in the storing means

to reprocess the band with the different processor control settings.
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[0044] For purposes of summarizing the invention, certain aspects,
advantages, and novel features of the invention have been described herein. It
is to be understood that not necessarily all such advantages may be achieved in
accordance with any particular embodiment of the invention. Thus, the invention
may be embodied or carried out in a manner that achieves or optimizes one
advantage or group of advantages as taught herein without necessarily achieving
other advantages as may be taught or suggested herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] A general architecture that implements the various features of
the invention will now be described with reference to the drawings. The drawings
and the associated descriptions are provided to illustrate embodiments of the
invention and not to limit the scope of the invention. Throughout the drawings,
reference numbers are re-used to indicate correspondence between referenced
elements. In addition, the first digit of each reference number indicates the figure
in which the element first appears.

[0046] Figure 1 is a block diagram of an embodiment of a data
acquisition and rescanning system.

[0047] Figure 2 is a block diagram of an embodiment of a remotely
deployed data acquisition and rescanning system.

[0048] Figure 3 is a block diagram of an embodiment of a data
acquisition and rescanning system having an analytic engine.

[0049] Figure 4 is a block diagram of a hardware implemented
embodiment of a data acquisition and rescanning system having an analytic
engine.

[0050] Figure 5 is a block diagram of an embodiment of a remotely
deployed data acquisition and rescanning system having an analytic engine.

[0051] Figure 6 is a block diagram of a hardware implemented
embodiment of a remotely deployed data acquisition and rescanning system
having an analytic engine.

[0052] Figure 7 is a block diagram of an embodiment of a data

acquisition and rescanning system having a first and a second analytic engine.
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[0053] Figure 8 is a block diagram of a hardware implemented
embodiment of a data acquisition and rescanning system having a first and a
second analytic engine.

[0054] Figure 9 is a block diagram of an embodiment of a remotely
deployed data acquisition and rescanning system having a first and a second
analytic engine.

[0055] Figure 10 is a block diagram of a hardware implemented
embodiment of a remotely deployed data acquisition and rescanning system
having a first and a second analytic engine.

[0056] Figure 11 is a block diagram of an embodiment of a data
acquisition and rescanning system comprising multiple acquisition devices and
having multiple users. '

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0057] Figure 1 is a block diagram of an embodiment of a data
acquisition and rescanning system 150. The data acquisition and rescanning
system 150 comprises a data acquisition device 100, which comprises a data
capture device 101, a normalization processor 102, and a communication device
103. Examples of data capture devices 101 include, but are not limited to
scanners, cameras, video recorders, infrared cameras, acoustic cameras, digital
cameras, facsimile machines, any devices capable of capturing an image,
acoustic sensors, any devices having an acoustic sensor, and the like. Data
capture devices 101 can be non-real time devices, such as, for example,
scanners, or data capture devices 101 can be real time devices, such as, for
example, cameras and video recorders.

[0058] The data acquisition and rescanning system 150 further
comprises a user system 110, which comprises a communication device 104,
which communicates with the communication device 103, a random access data
cache 105, a data processor 106, a user interface 107, and a data display 108.
In an embodiment, the random access data cache stores the data in at least one
subsection, zone, band, image strip, data strip, or the like, and in a manner that
is randomly accessible.

-12-
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[0059] The data reacquisiton and rescanning system 150 further
comprises an application/storage device 109. Examples of the
application/storage device 109 include, but are not limited to, computer
processors, program logic, controller circuitry, general purpose single-chip or
multi-chip ~ microprocessors,  digital  signal  processors, embedded
microprocessors, microcontrollers, and the like.

[0060] Analog data are presented to the acquisition device 100. The
analog capture device 101 measures the analog data. The normalization
processor 102 transforms the measured data into normalized data. [t calibrates
and compensates for known errors and biases introduced by the sensors
measuring the analog data to produce normalized data.

[0061] The normalized raw data, referred to as raw data from here on,
are transmitted via a fast connection using the communication devices 103 and
104 to the user system 110 and stored at the random access data cache 105.
The raw data are stored as bands, image strips, data strips, or the like in the
random access cache 105. In an embodiment, the random access data cache
105 is partitioned into 64 K byte bands.

[0062] In addition to the raw data, data pertaining to the raw data, or
metadata for each band, are also stored at the cache 105. These metadata
comprise, but are not limited to, a tag identifying the data and the location in the
cache, a time and date stamp of the acquisition, the sequence number, the
beginning of the data band, the end of the data band, height, width, a pointer to
the next band, and the like. In some embodiments, tags identify subsections or
zones of raw data.

[0063] The data processor 106 processes the raw data using the
default data processor settings.

[0064] The order in which the raw data are processed by the data -
processor 106 is either determined automatically or interactively. In an automatic
embodiment, the most current or more current raw data first stored at the cache
105 are processed.

[0065] In an interactive embodiment, the user identifies specific raw

data bands or subsections of these for processing utilizing the data tags or
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metadata. The bands are randomly accessible in the cache 105. This allows
non real-time virtual reacquisition.

[0066] The processed data together with their metadata are displayed
at the data display 108. The default data processor settings are adjustable
through the user interface 107. Changing the settings triggers the data
processor 106 to reprocess the selected raw data stored in the random access
data cache 105 with the changed settings and to display the reprocessed data at
the data display 108. By interactively readjusting the processor settings, the data
are processed until they satisfy the user’s preferences.

[0067] In addition to controlling the data processor 106, the user
interface 107 also controls the random access data cache 105. The user,
through the user interface 107, can access subsections, zones, bands, image
strips, or data strips of the raw data as well as selecting specific raw data for non
real time interactive processing.

[0068] The wuser can transmit the processed data to the
application/storage device 109 for further processing as well as storage.

[0069] The data acquisition and rescanning system 150 depicted in
Figure 1 supports multiple user usage. The data acquisition device 100 can be
accessed by multiple users. In an embodiment, the user system 110 further
comprises a computer (not shown). In an embodiment, the user system 110 is
implemented, at least in part, as software on the computer.

[0070] Figure 2 is a block diagram of an embodiment of a remotely
deployed data acquisition and rescanning system 250. The data acquisition and
rescanning system 250 comprises the data acquisition device 100, a storage and
processing system 212, a user system 210, and the acquisition/storage device
109.

[0071] The storage and progessing system 212 comprises the
communication device 103, the random access data cache 105, the data
processor 106, and a communication device 203.

[0072] The user system 210 comprises a communication device 204,
the user interface 107, and the data display 108.

[0073] The raw data from the acquisition device 100 are transmitted,

via a fast connection using the communication devices 103 and 104, to the
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storage and processing system 212. The raw data and the metadata are stored
at the random access data cache 105. The data processor 106 processes the -
raw data using the default data processor settings.

[0074] The user system 210 communicates with the storage and
processing system 212 via a communication medium 216 using the
communication devices 203 and 204.

[0075] Focusing now on the communication medium 216, as shown in
Figure 2, in one embodiment, the communications medium is Internet, which is a
global network of computers. In other embodiments, the communication medium
216 can be any communication system including by way of example, dedicated
communication lines, telephone networks, wireless data transmission systems,
infrared data transmission systems, two-way cable systems, customized
computer networks, interactive kiosk networks, and the like.

[0076] The processed data together with their metadata are displayed
at the data display 108. The default data processor settings are adjustable
through the user interface 107. Changing the settings triggers the data
processor 106 to reprocess the selected raw data stored in the random access
data cache 105 with the changed settings and to display the reprocessed data at
the data display 108. By interactively readjusting the processor settings, the data
are processed until they satisfy the user’s preferences. ‘

[0077] The wuser can transmit the processed data to the
application/storage device 109 for further processing as well as storage.

[0078] The data acquisition and rescanning system 250 is similar to the
data acquisition and rescanning system 150 except the user system 210 is
located remotely from the data acquisition device 100 and the storage and
processing system 212. In the remotely deployed system 250, the data cache
105 is local to the data acquisition device 100. The user system 210 does not
have to be connected to the data acquisition device 100 with a fast connection in
order to ensure an effective use of the embodiment. The data acquisition and
rescanning system 250 is implemented, at least in part, as software, firmware, or
any combination of software and firmware.

[0079] Figure 3 is a block diagram of an embodiment of a data
acquisition and rescanning system 350 comprising an analytic engine. The data
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acquisition and rescanning system 350 comprises the data acquisition device
100, a user system 310, and the application/storage device 109. The user
system 310 comprises the communication device 104, the random access data
cache 105, the data processor 106, the user interface 107, the data display 108,
and an analytic engine 314.

[0080] Analog data are presented to the acquisition device 100. The
analog capture device 101 measures the analog data. The normalization
processor 102 transforms the measured data into normalized raw data. The raw
data are transmitted via a fast connection .using the communication devices 103
and 104 to the user system 310. At the user system 310, the raw data are stored
at the random access data cache 105.

[0081] Selected raw data are analyzed by the analytic engine 314. In
an embodiment, the analytic engine 314 is an acquisition controller 314. The
selection mechanism can be either automatic or interactive as described in the
embodiments above. The analysis performed by the analytic engine 314 yields
new data processor settings for the selected raw data. Examples of analyses
comprise, but are not limited to, page boundary detection, streak detection, page
border detection, blank page detection, conversion from RGB color
representation to a YCbCr color representation, hue measurement, saturation
measurement, luminescence measurement, creating a grayscale intensity
histogram, creating a color histogram, geometric analysis, color detection,
gamma detection for brightness and color levels, textual orientation, and the like.

[0082] The settings are transferred to the data processor 106, and the
raw data are processed with the new settings. The processed data are displayed
at the data display 108. The data processor settings can be adjusted
interactively using the user interface 107. In addition to determining the data
processor settings, the analytic engine 314 also detects automatically raw data
that will potentially result in poor quality processed data and alerts the user upon
selection of these data through the user system 310. The corresponding
trapping conditions (e.g., user-defined parameters specifying quality thresholds
such as brightness range, contrast range, missing corner, blank page, and the
like) are accessible to the user through the user interface 107. The user through

the user system 310 is able to control the quality of the acquired data.
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[0083] The user system 310 cén transmit the processed data to the
application/storage device 109 for further processing as well - as storage.
Additionally the user can, via the user interface 107, access subsections, or
zones of the raw data stored at the random access data cache 105 to be
processed at the data processor 106.

[0084] The data acquisition and rescanning system 350 allows the non
real time interactive processing of specific raw data. The data acquisition and
rescanning system 350 also supports multiple user usage. The data acquisition
device 100 can be accessed by muitiple user systems 310 with each data
processor 106 having unique processor settings. In an embodiment, the data
acquisition and rescanning system 350 further comprises a computer (not
shown). In an embodiment, the data acquisition and rescanning system 350 is
implemented, at least in part, as software on the computer.

[0085] Figure 4 is a block diagram of an embodiment of a data
acquisition and rescanning system 450 comprising the data acquisition device
100, a user system 410, and the analytic engine 314. The data acquisition and
rescanning system 450 implements the data acquisition and rescanning system
350 shown in Figure 3 as hardware.

[0086] The random access data cache 105, the data processor 106,
and the analytic engine 314 are implemented at the data acquisition device 100.
The data acquisition device 100 further comprises the data capture device 101,
the normalization processor 102, and the communication device 103. The user
system 410 comprises the communication device 104, the user interface 107,
and the data display 108.

[0087] Figure 5 is a block diagram of an embodiment of a remotely
deployed data acquisition and rescanning system 550 comprising the analytic
engine 314. The data acquisition and rescanning system 550 comprises the data
acquisition device 100, a storage and processing system 512, a user system
510, and the acquisition/storage device 109.

[0088] The storage and processing system 512 comprises the
communication device 104, the random access data cache 105, the data

processor 106, the analytic engine 314, and a communication device 503.
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[0089] The user system 510 comprises a communication device 504,
the user interface 107, and the data display 108.

[0090] The raw data from the acquisition device 100 are transmitted,
via a fast connection using the communication devices 103 and 104, to the
storage and processing system 512. The raw data and the metadata are stored
at the cache 105. The data processor 106 processes the raw data using the
default data processor settings.

[0091] Selected raw data are analyzed by the analytic engine 314. The
analysis performed by the analytic engine 314 yields new data processor settings
for the selected raw data. The settings are transferred to the data processor
106, and the raw data are processed with the new settings.

[0092] The user system 510 communicates with the storage and
processing system 512 via the communication medium 216 using the
communication devices 503 and 504. The processed data are displayed at the
data display 108. The data processor settings can be adjusted interactively
using the user interface 107.

[0093] The user, through the user system 510, can transmit the
processed data to the application/storage device 109 for further processing as
well as storage. Additionally the user can, via the user interface 107, access
subsections, or zones of the raw data stored at the random access data cache
105 to be processed at the data processor 106.

[0094] The data acquisition and rescanning system 550 allows the non
real time interactive processing of specific raw data. The data acquisition and
rescanning system 550 is similar to the data acquisition and rescanning system
350 except the user system 510 is located remotely from the data acquisition
device 100 and the storage and processing system 512. In the remotely
deployed system 550, the data cache 105 and the analytic engine 314 are local
to the data acquisition device 100.

[0095] The data acquisition and rescanning system 550 also supports
multiple user usage. The data acquisition device 100 can be accessed by
multiple user systems 510 with each data processor 106 having unique

processor settings. The data acquisition and rescanning system 550 is
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implemented, at least in part, as software, firmware, or a combination of software
and firmware.

[0096] Figure 6 is a block diagram of a hardware implemented
embodiment of a remotely deployed data acquisition and rescanning system 650
comprising the analytic engine 314. The data acquisition and rescanning system
650 implements the data acquisition and rescanning system 450 shown in Figure
4 in a remote deployment. The data acquisition and rescanning system 650
'comprises the data acquisition device 100, a user system 610, and the
application/storage device 109.

[0097] The random access data cache 105, the data processor 106,
and the analytic engine 314 are implemented as hardware on the data
acquisition device 100 directly. The data acquisition device 100 further
comprises the data capture device 101, the normalization processor, and the
communication device 103. The user system 610 comprises the user interface
107, the data display 108, and a communication device 604.

[0098] The user system 610 communicates with the data acquisition
device 100 via the communication medium 216 using the communication devices
103 and 604.

[0099] Figure 7 is a block diagram of an embodiment of a data
acquisition and rescanning system 750 having a first analytic engine 714 and a
second analytic engine 718. The data acquisition and rescanning system 750
comprises the data acquisition device 100 and a user system 710. The data
acquisition device 100 comprises the data capture device 101, the normalization
processor 102, and the communication device 103. The user system 710
comprises the communication device 104, the random access data cache 105,
the data processor 106, the user interface 107, and the data display 108. The
user system 710 further comprises the first analytic engine 714 and the second
analytic engine 718. In an embodiment, the first and second analytic engines
714, 718 are first and second acquisition controllers 714, 718, respectively.

[0100] Analog data are presented to the acquisition device 100. The
data capture device 101 measures the analog data. The normalization processor

102 transforms the measured data into normalized raw data. The raw data are
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transmitted via a fast connection using the communication devices 103 and 104
to the user system 710.

[0101] At the user system 710, the raw data are stored at the data
cache 105. The raw data are stored as bands, image strips, data strips, or the
like in the random access data cache 105. In an embodiment, the random
access data cache is partitioned in to 64 K byte bands.

[0102] In addition to the raw data, data pertaining to the raw data, or
metadata for each band, are also stored at the cache 105. These metadata
comprise, but are not limited to, a tag identifying the data and the location in the
cache, a time and date stamp of the acquisition, the sequence number, the
beginning of the data band, the end of the data band, height, width, a pointer to
the next band, and the like. In some embodiments, tags identify subsections or
zones of raw data.

[0103] Selected raw data are analyzed by the first analytic engine 714.
The selection mechanism can be either automatic or interactive as described in
the embodiments above. The analysis performed by the first analytic engine 714
yields an improved or close to optimal data processor settings for the selected
raw data. In an embodiment, the first analytic engine 714 performs geometric
processing, such as for example, document orientation, background
compensation, color compensation, text extraction, text/background separation,
page boundary detection, streak detection, page border detection, blank page
detection, conversion from RGB color representation to a YCbCr color
representation, hue measurement, saturation measurement, luminescence
measurement, creating a grayscale intensity histogram, creating a color
histogram, color detection, gamma detection for brightness and color levels, and
the like.

[0104] The settings are transferred to the data processor 106, and the
raw data are processed with the settings. -

[0105] The processed data are transferred to the second analytic
engine 718. In an embodiment, the processor 106 sends the processed data to
the second analytic engine 718 for analysis. In another embodiment, the

processor 106 sends the processed data to the first analytic engine 714 and the
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first analytic engine 714 sends the processed data to the second analytic engine
718 for analysis.

[0106] At the second analytic engine 718 the processed data are
analyzed and improved data processor settings are determined. The second
analytic engine 718 compares the quality of the processed data to a
predetermined metric. The second analytic engine 718 selects new processor
settings based on the quality of the processed data as determined by the metric.

[0107] In an embodiment, the second analytic engine performs feature
or quality processing, such as, for example, recognizing an area of poor optical
character recognition, non-linear gamma, high background noise, character color
distortion, and the like. In an embodiment, the second analytic engine replaces,
at least in part, the user's data review at the data display 108 and the user's
revised processor settings input from the user interface 107.

[0108] The new settings are transmitted to the data processor 106 and
the raw data are reprocessed using the new settings. In an embodiment, the
second analytic engine 718 sends the metadata containing the location of the
raw data in the random access cache 105 and the new processor settings to the
processor 106. The processor 106 processes the data with the new processor
settings.

[0109] In another embodiment, the second analytic engine 718 sends
the metadata associated with the data and the new processor settings to the first
analytic engine 714. The first analytic engine 714 receives the metadata
containing the location of the raw data in the random access cache 105 and the
new processor settings and sends the metadata containing the location of the
raw data in the random access cache 105 and the new processor settings to the
processor 106. The processor processes the raw data with the new processor
settings.

[0110] In yet another embodiment, the second analytic engine 718
sends the metadata associated with the data to the first analytic engine 714. The
first analytic engine 714 receives the metadata containing the location of the raw
data in the random access cache 105 and the new processor settings and

processes the band of raw data with the new processor settings.
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[0111] The processed data are transferred to the second analytic
engine 718 for analysis. In an embodiment, the processor 106 sends the
processed data to the second analytic engine 718 for analysis. In another
embodiment, the first analytic engine 714 sends the processed data to the
second analytic engine 718 for analysis. In another embodiment, the processor
106 sends the processed data to the first analytic engine 714 and the first
analytic engine 714 sends the processed data to the second analytic engine 718
for analysis.

[0112] The step of reprocessing the raw data with the revised data
processor settings and the step of analyzing the processed data and determining
revised data processor settings are repeated until convergence, i.e. until the
metric does not detect any improvements in the quality of the processed data.
This yields improved or optimal processor settings.

[0113] For example, a scanner scans a document at a resolution of
600 dots per inch (dpi). The document includes text of various font sizes. The
raw data are stored in the random access cache 105 in bands, along with the
metadata associated with each band of raw data.

[0114] To save processing time and user storage space, the first
analytic engine 714 sends the processor 106 settings to process the data at a
resolution of 200 dpi, for example, along with other possible geometric
processing settings, as describe above.

[0115] The processor 106 processes the raw data using the settings
from the first analytic engine 714. The processed data and the associated
metadata are transferred to the second analytic engine 718.

[0116] The second analytic engine 718 analyzes the processed data
using a predefined metric. For example, the second analytic engine 718
determines that a band of the processed data is not recognizable, perhaps
because the text size is too small to be recognizable at a resolution of 200 dpi.
The second analytic engine 718 sends the metadata associated with the band of
unrecognizable data along with new processor setting to process the data at a
resolution of 400 dpi to the processor 106.

[0117] The processor 106 receives the metadata containing the

location of the raw data in the random access cache 105 and the new processor

-22-



WO 2006/104632 PCT/US2006/007281

settings and processes the band of raw data at 400 dpi. The processor 106
sends the processed band of data and its associated metadata to the second
analytic engine 718 for analysis.

[0118] The second analytic engine 718 determines if the processed
band of data meets the predetermined metric. If not, the second analytic engine
718 sends the metadata associated with the band along with new processor
settings to process the band of raw data to the processor 106. For example, the
second analytic engine 718 determines that the text in the band is
unrecognizable even at a resolution of 400 dpi and sends the metadata
associated with the band along with new processor settings to process the band
of raw data at a resolution of 600 dpi to the processor 106.

[0119] The process of analyzing the data and reprocessing the raw
data with new processor setting occurs  until the second analytic engine 718
determines that the processed data meet the predefined metric. Processing
parameters can be changed on portions or bands of the raw data without
reprocessing all of the raw data. In an embodiment, reprocessing portions of the
captured data saves processing time and data storage space.

[0120] The processed data obtained by these steps are displayed at
the data display 108. The data processor settings can be adjusted interactively
using the user interface 107.

[0121]  In addition to determining the data processor settings, the first
analytic engine 714 and the second analytic engine 718 automatically detect raw
data that will potentially result in poor quality processed data. The corresponding
trapping conditions, described above, are accessible to the user through the user
interface 107, enabling the user to efficiently control the quality of the acquired
data.

[0122]  Additionally the user can, via the user interface 107, access
subsections or zones of the raw data stored at the random access data cache
105 to be processed at the data processor 106.

[0123]  The data acquisition and rescanning system 750 also allows the
non real time interactive processing of specific raw data. The user can transmit
the processed data to the application/storage device 109 for further processing
as well as storage. The data acquisition and rescanning system 750 supports
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multiple user usage. The acquisition device 100 can be accessed by multiple
user systems 710 with each data processor 106 having unigue processor
settings. In an embodiment, the data acquisition and rescanning system 750
further comprises a computer (not shown). In an embodiment, the data
acquisition and rescanning system 750 is implemented, at least in part, as
software on the computer.

[0124] Figure 8 is a block diagram of an embodiment of a data
acquisition and rescanning system 850 comprising the first analytic engine 714
and the second analytic engine 718. The data acquisition and rescanning
system 850 implements the data acquisition and rescanning system 750 shown
in Figure 7 as hardware.

[0125] The data acquisition and rescanning system 850 comprise the
data acquisition device 100, a user sysfem 810, and the application/storage
device 109. The random access data cache 105, the data processor 106, the
first analytic engine 714, and the second analytic engine 718 are implemented at
the data acquisition device 100. The data acquisition device 100 further
comprises the data capture device 101, the normalization processor 102, and the
communication device 103. The user system 810 comprises the communication
device 104, the user interface 107, and the data display 108.

[0126] Figure 9 is a block diagram of an embodiment of a remotely
deployed data acquisition and rescanning system 950 comprising the first
analytic engine 714 and the second anélytic engine 718. The data acquisition
and rescanning system 950 comprises the data acquisition device 100, a storage
and processing system 912, a user system 910, and the acquisition/storage
device 109.

[0127] The data acquisition device comprises the data capture device
101, the normalization processor, and the communication device 103.

[0128] The storage and processing system 912 comprises the
communication device 104, the random access data cache 105, the data
processor 106, the first analytic engine 714, the second analytic engine 718, and
a communication device 903.

[0129] The user system 910 comprises a communication device 904,
the user interface 107, and the data display 108.
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[0130] The raw data from the acquisition device 100 are transmitted,
via a fast connection using the communication devices 103 and 104, to the
storage and processing system 912. The raw data and the metadata are stored
at the cache 105. The data processor 106 processes the raw data using the
default data processor settings.

[0131] At the data storage and processing system 912, the raw data
are stored at the data cache 105. Selected raw data are analyzed by the first
analytic engine 714. The selection mechanism can be either automatic or
interactive as described in the embodiments above. The analysis performed by
the first analytic engine 714 yields an improved or close to optimal data
processor settings given the selected raw data. The settings are transferred to
the data processor 106, and the raw data are processed with the given settings.

[0132] The processed data are transferred to the second analytic
engine 718. At the second analytic engine 718 the processed data are analyzed
and improved data processor settings are determined. The second analytic
engine 718 determines the quality of the processed data using a metric. The
second analytic engine 718 selects new processor settings depending on the
quality of the processed data as determined by the metric. The improved
settings are transmitted to the data processor 106 and the raw data are
reprocessed. The step reprocessing the processed data with the revised data
processor settings and the step of analyzing the processed data and determining
revised data processor settings are repeated until convergence, i.e. until the
metric cannot detect any improvements in the quality of the processed data, as
described above. This yields improved or optimal processor settings.

[0133] The user system 910 communicates with the storage and
processing system 912 via a communication medium 216 using the
communication devices 903 and 904. The processed data are displayed at the
data display 108. The data processor settings can be adjusted interactively
using the user interface 107.

[0134] The user, through the user system 910, can transmit the
processed data to the application/storage 109 for further processing as well as

storage. Additionally the user can, via the user interface 107, access
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subsections, or zones of the raw data stored at the random access data cache
105 to be processed at the data processor 106.

[0135] The data acquisition and rescanning system 950 allows the non
real time interactive processing of specific raw data. The data acquisition and
rescanning system 950 is similar to the data acquisition and rescanning system
750 with the user system 910 located remotely from the data acquisition device
100 and the storage and processing system 912. In the remotely deployed
system 950, the data cache 105, the data processor 108, the first analytic engine
714, and the second analytic engine 718 are local to the data acquisition device
100.

[0136] The data acquisition and rescanning system 950 also supports
multiple user usage. The data acquisition device 100 can be accessed by
multiple user systems 910 with each data processor 106 having unique
processor settings. The data acquisiton and rescanning system 950 is
implemented, at least in part, as software, firmware, or a combination of software
and firmware.

[0137] Figure 10 is a block diagram of a hardware implemented
embodiment of a remotely deployed data acquisition and rescanning system
1050 comprising the first analytic engine 714 and the second analytic engine
718. The data acquisition and rescanning system 1050 implements the data
acquisition and rescanning system 850 shown in Figure 8 in a remote
deployment. The data acquisition and rescanning system 1050 comprises the
data acquisition device 100, a user system 1010, and the application/storage
device 109.

[0138] The random access data cache 105, the data processor 106,
the first analytic engine 714, and the second analytic engine 718 are
implemented as hardware at the acquisition device 100. The data acquisition
device 100 further comprises the data capture device 101, the normalization
processor 102, and the communication device 103.

[0139] The user system 1010 comprises the user interface 107, the
data display 108, and a communication device 1004. The user system 1010
communicates with the data acquisition device 100 via the communication
medium 216 using the communication devices 103 and 1004.
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[0140] Figure 11 is a block diagram of an embodiment of a data
acquisition and rescanning system 1150 comprising a plurality of data acquisition
devices 100 and a plurality of user systems 1110. The plurality of user systems
1110 are located remotely from the plurality of data acquisition devices 100.

[0141] The data acquisition device 100 comprises the data capture
device 101, the normalization processor 102, the communication device 103, the
random access data cache 105, and the data processor 106. In an embodiment,
the data processor 106 is a low processing capability engine.

[0142] The user system 1110 comprises the user interface 107, the
data display 108, a communication device 1104, and an analytic engine 1114. In
an embodiment, the analytic engine 1114 is a high performance analytic
processor.

[0143] Analog data are presented to the acquisition device 100. The
analog capture device 101 measures the analog data. The normalization
processor 102 transforms the measured data into normalized raw data. The data
processor 106 is used for transformations of the data. The transformed data
are stored at the random access data cache 105. Examples of data processing
include, but are not limited to, document orientation, background compensation,
color compensation, text extraction, text/background extraction, threshold,
correlation, despeckle, and the like.

[0144] Working in a real time broadcast push mode or upon request
from at least one of the user systems 1110, selected cached data are scaled and
compressed by the data processor 106. The communication device 105 sends
the scaled and compressed data, and the associated tag or metadata to the user
system 1110 via the communication medium 216 using the communication
device 103.

[0145] In an embodiment, the tag data comprises the capture device
address and the data location in the cache 105. In an embodiment, the
metadata comprise, but are not limited to, a tag identifying the data and the
location in the cache, a time and date stamp of the acquisition, the sequence
number, the beginning of the data band, the end of the data band, height, width,
a pointer to the next band, and the like. The tag data is embedded in the

communication network protocol of the communication medium 216.
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[0146] The user system 1110 receives the data via the communication
medium 216 and the communication device 1104. The data is analyzed by the
analytic engine 1114. [f the analysis detects some relevant data area(s)
characterized by analysis results that are outside of a boundary determined by
the user, the analytic engine 1114 activates the user interface 107 by sending the
tag associated with the data and the location of the area(s) of interest within the
data.

[0147] The user interface 107 can be an automatic or a manual
operation. The user interface 107 uses the tag content and the area location to
request a new data set with new processing settings from the corresponding data
capture device 100. The data processor 106 reprocesses the selected data
using the new settings and the data capture device 100 retransmits the
reprocessed data to the user system 1110. This virtual rescan operation is an
interactive process, which can use different settings or windows.

[0148] During the interactive process described above, the data
continue to be transmitted in real time by the plurality of the capture devices 100
to the plurality of user systems 1110. In an embodiment, the user, through the
data display 108, can visualize any of the incoming data. In an embodiment, any
part of the receiving data can be stored by the application/storage device 109.

[0149] In an embodiment, the user system 1110 can lock selected data
in the data cache 105 of one or more data acquisition devices 100 associated
with the selected data. When the user system 1110 receives the selected data
at the desired resolution, the user system 1110 unlocks the data. In an
embodiment, the user system 1110 has ‘én authorization level in order to lock
data. The non-locked data in the data cache 105 is overwritten in a first in first
out model.

EXEMPLARY EMBODIMENTS
[0150] This section includes exemplary embodiments of a virtual
rescan workflow, a detection orientation method, a detect bleed-through method,
a color detection method, a background smoothing method, and a detection of
scanned page boundaries method.
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Exemplary Virtual Rescan (VRS) Workflow

[0151] If, in an embodiment, the user chooses to scan images with

VRS processing, the VRS processing initializes the scanner to acquire a raw
(unprocessed) master image. The master image is in grayscale if the user
chooses to scan in black and white, else the master image is in grayscale or
color as the user specifies.

[0152] VRS processing also initializes the scanner using predefined
scanner specific settings. These settings help the VRS processing improve
performance. For example, one of the settings is to perform overscanning (i.e.,
scan more than the size requested so VRS can perform a good deskew
operation).

[0153] The scanner scans an image, per the specified settings, and the
raw image is transmitted from the scanner to a VRS cache.

[0154] The VRS software performs one or more image processing
algorithms. In an embodiment, an analytic engine comprises the VRS. One
algorithm determines the actual page boundaries within the scanned raw image.
In an embodiment, the scanned image contains scanner-introduced background
due to overscanning. Determining the page boundaries is done for a variety of
backgrounds, such as black, white, grey, and the like. Techniques, such as
streak detection, are used, for example, for line streaks introduced by a dirty
scanner camera/lamp, rollers, or the like. Other techniques, such as page border
shadow detection are used to determine a page boundary.

[0155] Another image processing algorithm determines if the scanned
page is blank. A page may contain colors that bleed through from the other side
of the page when scanning is done in duplex. If the algorithm determines that
the page contains no content, the page can be deleted per the user setting.

[0156] Another image processing algorithm converts the page contents
from an RGB color representation to a YCbCr (luminance, hue, and saturation
format). This permits many color related operations on the hue and saturation
aspects of the page, and hence, results in a speed improvement. If the scanner
scans the image in black and white, this step is not performed.

[0157] Yet another image processing algorithm analyzes the image.

Possible analyses are performing luminance analysis and extracting the
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grayscale intensity information into a histogram, extracting color information into
a color histogram, performing geometric analysis on the page, and the like.

[0158] Another image processing algorithm detects if the document
has color, based on previous analyses. If there is no color content, the algorithm
sets the scanner settings to indicate that the document is a black and white
document. If document has background color and that background color is the
predominant color, the algorithm sets the scanner settings to indicate that the
document is a color document. Additionally, if the document contains color
content, the user can adjust the scanner settings to reproduce the color or not to
reproduce the color, based on a determination of whether the color content is
related to specific document content, or is a predominate characteristic of the
document, such as a document on yellow paper.

[0159] Another image processing algorithm performs gamma correction
on the image to adjust the brightness and color levels.

[0160] A further image processing algorithm performs deskew and
cropping on the page image based on the previous analyses.

[0161] Yet another image processing algorithm detects textual
orientation in the image and rotates the image orthogonally, if required.

[0162] Another image processing algorithm performs other operations,
such as, for example, barcode detection, line filtering, despeckling, annotating
with an endorsement string, or the like.

[0163] A further image processing algorithm performs background
smoothing by detecting the background colors and merging them together.

[0164] If the image has problems that cannot be corrected
automatically, the image processing software displays the processed image and
the settings to the user. The user then determines the settings for the image. As
the user changes the settings, the image processing sofiware performs one or
more of the image processing algorithms discussed above using the user
specified settings and displays the processed image to user. When the user
accepts the image, the image processing software re-processes the raw image
using the final settings chosen by the user.

[0165] In another embodiment, a second analytic engine performs

additional analyses to determine if the processed image meets predetermined
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requirements. If the image does not meet the predetermined requirements, the
second analytic engine determines new settings and reprocess the raw image
using the new settings. This process repeats until the image meets the
requirements.

[0166] When the image processing is complete, the image processing
software sends the image to the application.

Exemplary Detect Orientation

[0167] In an embodiment, the detect orientation algorithm automatically
detects which way to orthogonally rotate a text page for viewing. The algorithm
selects possible individual characters from connected components of black within:
the page. The algorithm then determines the orientations of the individual
characters by employing a trained neural network. The algorithm uses the
orientation results of the neural network to determine a better page orientation.

[0168] The algorithm finds the connected components within the page
image. Since some of these components can contain graphic elements, the
algorithm uses a number of constraints to filter out non-characters within the
page image. Examples of the constraints are the number of pixels exceeds a
predetermined threshold; both width and height are large enough; the ratio of
height to width does not exceed a predetermined threshold; the ratio of the
number of black pixels in the connected component to the area of its bounding
box is not too large or too small; the size of the component does not approach
the size of the page; and the number of transitions from white to black and back
along a line crossing the character in either horizontal or vertical direction is not
too large.

[0169] Some of the components passing this test may contain glued
characters, pieces of broken characters, and the like. In an embodiment,
assuming reasonable image quality, a statistically meaningful majority contains
individual characters.

[0170] The algorithm proportionally scales of each of the components
to fit into a gray-scale square of 20 by 20 pixels. The algorithm then adds a 2
pixel white margin around the gréy—scale square and sends the resulting 24 x 24

image to a trained feed-forward neural network for orientation detection.
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[0171] The neural network used in the algorithm, in an embodiment,
has a preprocessing layer that converts the 576 inputs into 144 features. The
features pass through two hidden layers of 180 and 80 nodes, respectively. The
result of the neural network is four outputs indicating confidences in “up”, “down”,
“left’, or “right” orientation. This neural network with its rather distinct
preprocessing using Gabor Wavelets has been described in the papers, “A
Subspace Projection Approach to Feature Extraction: The Two-Dimensional
Gabor Transform for Character Recognition”, Neural Networks, 7 (8), pp. 1295~
1301, 1994, and “Neural Network Positioning and Classification of Handwritten
Characters”, Neural Networks 9 (4), pp. 685-693, 1996. The training of the
neural network is not a part of the run-time algorithm and is performed off-line
using scaled characters from common business fonts, such as, for exampile,
Arial, Times Roman, Courier, and the like.

[0172] Next, the algorithm decides whether to accept the orientation
having the highest confidence level. The algorithm decides based on confidence
ratios that exceed predetermined thresholds.

[0173] For increased or maximum accuracy, in an embodiment, the
analysis of the page utilizes the components found within it. Typically, for most
text pages a small percentage of the components is sufficient to make a
confident decision. To achieve a reasonable tradeoff between accuracy and
speed, the page is divided into several sets of stripes. The stripes in each set
are distributed over the page to make the selection of components quasi-
random. If, in an embodiment, the number of good connected components in the
first set exceeds a predefined number and the votes confidently determine the
winning orientation, the algorithm returns the result. Otherwise, the next set of
stripes is processed, then the next, etc., until the end condition is met, or until all
or a predetermined percentage of the components on the page have been
examined. ‘

[0174] Recognition of character shapes becomes more difficult as the
font size and resolution become smaller. For the algorithm to perform well, in an
embodiment, the height of binary characters exceeds 16 pixels. The algorithm

can show graceful degradation for characters up to 8 pixels in height.
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[0175] The algorithm, in an embodiment, may assume that the majority
of connected components on the page are individual characters.

[0176] Embodiments of the algorithm have been trained with the Latin
alphabet. Since there are many common shapes between Latin and Cyrillic as
well as between the Latin and Greek alphabets, the algorithm also performs well
for Cyrillic and Latin. The algorithm can be trained specifically for different
character sets.

Exemplary Detect Bleed-Through
[0177] An embodiment of the detect bleed-through algorithm

addresses automatically detecting bleed-through on sides of scanned documents

in order to perform further image processing on these pages. In an embodiment,
the algorithm uses page boundary detection within front and back scanned
images to approximately match side coordinates. Then, the algorithm uses
existing color or gray content to fine-tune the mapping. This additional step can
be used because of slightly different optics and skews of front and back
cameras. If residual (unexplained) content fall below predetermined density
criterion, the algorithm determines that the page is blank.

[0178] In an embodiment, the algorithm detects each side of the page
against the background of the scanner. Next, the algorithm runs individual blank
page detection on both sides of the page to determine if one or both sides of the
page are blank regardless of possible bleed-through. If one or both sides are
blank, the algorithm ends.

[0179] If one or both sides are not blank, the algorithm determines the
main background of the page on both sides. Next, the algorithm chooses the
side with greater volume of content as the front side. Next, the algorithm maps
the back side to the front side using corresponding rectangles of the page.

[0180] Dark pixels with color sufficiently different from the background
are marked on both sides to form mask images. The algorithm analyzes the
mask images locally block by block to determine the local shift relative to the
rough mapping. Next, the algorithm uses a Least Mean Squares approximation

to finalize the back-to-front mapping. The algorithm cancels content on the back
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side within a predefined distance of darker content on the front side, and then the

algorithm sends the residual image to the blank page detection step.

Exemplary Color Detection

[0181] An embodiment of the color detection algorithm detects the
color content in a scanned image and distinguishes between the foreground and
background color. The algorithm eliminates the background color if it is the most
predominant color in the document. The algorithm examines pixels in the
scanned image and determines if the pixel is a color pixel and if the pixel is a
background pixel. This determination uses the saturation and luminance levels
of the pixel.

[0182] In an embodiment, the algorithm converts the image from an
RGB representation to a YCbCr (Luma and Chrominance) representation. The
algorithm looks at the saturation component of the pixel to determine the
saturation level. Saturation provides a measure of the amount of color in a pixel.
The higher the saturation, the more vivid the color. The lower the value, the less
color the pixel contains. Saturation is expressed as a number between 0 and
182, which comes from the mathematical formulation used to calculate
saturation. A user adjustable color threshold value, in an embodiment, is used to
determine if a pixel is a color pixel. If the saturation value is greater than the
threshold, the pixel is color, else it is not.

[0183] The algorithm determines if the pixel is a background pixel.
When scanner scans a document, the white or black background of the
document and/or the scanner can appear as a low saturated light or dark color.
For most images, the amount of background pixels is a large percentage of the
total area. The color detection algorithm, in order to exclude the contributions of
the white and/or black background portions of an image, uses a white
background threshold, a black background threshoid, and a background
saturation threshold to determine background pixel membership. If, in an
embodiment, the luminance of a pixel is higher than the white background
threshold or lower than the black background threshold, and the saturation of the
pixel is lower than the background saturation threshold, then the pixel is a

classified as a background pixel. Otherwise, the pixel is non-background pixel.
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[0184] The algorithm analyzes the non-background pixels to determine
the various color contents by building a histogram of the pixels based on their
saturation values. A scanner can introduce some color to the scanned image
because of the lamp or the camera. A dirty camera can add color spots, for
instance. If a color saturation value of a pixel is below a predetermined
threshold, the algorithm determines that the pixel does not have color.
Otherwise, the pixel is considered a valid color. If the document contains any

valid color, the document is considered a color document.

Exemplary Background Smoothing

[0185] An embodiment of the background smoothing algorithm reduces
the number of colors within the backgrounds of an image to improve the
appearance of the image as well as decreases the size of the image after
compression.

[0186] The algorithm clusters the colors found in the image and selects
those that contain enough pixels to be considered backgrounds.

[0187] The algorithm determines the co-occurrence of the background
clusters to determine if two or more clusters actually represent a single
background. These types of backgrounds are commonly generated by dithering
or using micro-dots, which the eye perceives as the averaged color within the
background. When the scanner scans the image at a high resolution, the
individual colors are seen for each of the pixels. The algorithm merges the co-
occurring clusters and calculates an average color for the cluster.

[0188] Then, the algorithm determines if backgrounds have
neighboring clusters with colors that are slightly darker or slightly brighter. Often,
when scanning, for example, the paper going through the transport will buckle
due to the rollers and forces acting on the paper, and can create shadows and
highlights within the image. These shadows and highlights can be perceived as
different clusters and they can be merged with the main background.

[0189] The algorithm modifies the image pixel by pixel by searching the
image and determining if the color of the pixel belongs to one of the background
clusters. If the pixel belongs to a background cluster, the algorithm changes the
pixel color to the averaged color of the cluster.
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Exemplary Detection of Scanned Page Boundaries

[0190] The detection of scanned page boundaries algorithm
automatically detects page boundaries within a scanned image. Generally, page
skew detection algorithms used in the industry work reliably only for black
background scanning where the contrast between very dark background of the
scanner and typically white page is difficult to miss. In an embodiment, this
algorithm detects the page against any background, thus, performing page skew
correction and cropping even for white background scanners.

[0191]  Since there may be very small color or gray level differences
between the background of the scanner and the background of the page, the
differences alone cannot be relied upon to detect the page boundary points.
[nstead, the algorithm calculates and compares statistics collected in a small
window centered on pixels of analysis. The algorithm compares these statistics
to the range of the statistics collected in the corners of the scanned image, where
the algorithm expects the background of the scanner.

[0192] The algorithm calculates the statistics in the four corners of the
scanned image. If some of the corners are not uniform, which can occur when
the content of the page is close to the corner, the algorithm does not consider the
non-uniform corners.

[0193] If some of the corners are significantly different from the other
corners, the algorithm chooses the majority of like corners. If the choice has to
be made between equally plausible alternatives, the algorithm compares the
corners to the background of the inside of the scanned image in order to
disqualify the background of an over-cropped page.

[0194]  For qualifying corners, the algorithm aggregates the statistics of
the scanner background for later use.

[0195] The algorithm searches rows and columns of the scanned
image looking for the first and last pixel with statistical properties significantly
different from those of the scanner background. Predetermined thresholds
determine the significance of the deviations of the pixel-centered windows from
the range of the scanner background.
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[0196] The detected first and last non-background pixels can be used
to determine candidate edge points. Several constraints are used to filter out
outliers. For example, if searching for the left boundary of the page, the
candidate edge point has immediate neighbors above and below such that the
angles formed by connecting segments are within 45 degrees from the vertical
and are close to each other. Candidate edge points are analyzed with a variant
of a Least Mean Square approximation to find best straight lines representing the
main rectangle of the page. The algorithm assigns a confidence measure to the
found rectangle based on the ratio of edge points supporting the rectangle to the
maximum possible number of edge points, which may depend on the size of the
page, the resolution of the scan, and the like.

[0197] After the algorithm determines the angle of skew, the algorithm,
checks if individual edge points outside of the main rectangle of the page have
enough support from their neighbors to indicate a tab or another existing
deviation from the assumed rectanguiar shape of the page. Edge points deemed
meaningful are used to determine the crop lines.

[0198] In case of dual scanning, the algorithm reconciles the skew
angles between the front and back of the page image. If the angles of skew
detected on the front side are different from that of the back side, it is likely that
one of the two is wrong. In this case, the algorithm uses the angle associated
with the higher confidence and recalculates crop lines for the other side.

[0199] Similarly, if the crop lines on the front and back significantly
disagree, the algorithm reconciles the crop lines between the front and back of
the page image. The algorithm considers the differences between the main
rectangle of the page and its crop line to determine and remove extensions due
to scanner artifacts.

[0200] In an embodiment, the detection of page boundaries algorithm
assumes that the background of the scanner is uniform, that variation in
brightness between individual sensors over the width of the scan are not
significant, and that there are very few non-functioning or badly calibrated
sensors causing streaks.

[0201] While certain embodiments of the inventions have been

described, these embodiments have been presented by way of example only,
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and are not intended to limit the scope of the inventions. Indeed, the novel
methods and systems described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions, and changes in the form of
the methods and systems described herein may be made without departing from
the spirit of the inventions. The accompanying claims and their equivalents are
intended to cover such forms or modifications as would fall within the scope and

spirit of the inventions.
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WHAT IS CLAIMED |S:

1. A data processing system comprising:

a random access cache that receives data from a data capture
device, wherein the data is stored as one or more data segments within
the random access cache and in a manner that is randomly accessible;

a processor in communication with the random access cache,
wherein the processor is configured to obtain the data from the random
access cache, the processor having processor control settings that are
used to process the data; and

an acquisition controller interconnected with the processor, the
acquisition controller configured to analyze the processed data to
determine when to use different processor control settings and wherein
the processor randomly accesses the one or more data segments stored
in the random access cache to reprocess the one or more data segments
with the different processor control settings.

2. The data processing system of Claim 1 wherein the random access
data cache stores data and the associated metadata.

3. The data processing system of Claim 2 wherein the metadata
comprises one or more tags identifying the data and the location in the cache.

4. The data processing system of Claim 3 wherein the one or more
tags comprise a time and date stamp, a sequence number, a beginning of the
data segment, an end of the data segment, a height, a width, and a pointer to a
next data segment.

5. The data processing system of Claim 1 wherein the data capture
device is a scanner, a camera, an infrared camera, an acoustic camera, a digital
camera, a video recorder, a facsimile machine, any device capable of capturing
an image, an acoustic sensor, or any device having an acoustic sensor.

6. The data processing system of Claim 1 wherein processing
comprises applying at least one image processing algorithm.

7. The data processing system of Claim 1 wherein processing
comprises applying at least one data processing algorithm.

8. The data processing system of Claim 1 wherein processing

comprises applying at least one image processing algorithm, wherein the image
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processing algorithm is a detect bleed-through algorithm, a color detection
algorithm, a background smoothing algorithm, or a detection of scanned page
boundaries algorithm.

9. The data processing system of Claim 1 wherein the acquisition
controller performs an analysis comprising at least one of a page boundary
detection, a streak detection, a page boarder detection, a blank page detection, a
conversion from an RGB color representation to a YCbCr color representation, a
hue measurement, a saturation measurement, a luminescence measurement, a
grayscale intensity histogram, a color histogram, a geometric analysis, color
detection, gamma detection for brightness and color levels, and a textual
orientation.

10. A data processing method comprising:

storing data received from a data capture device as one or more
data segments within a random access cache and in a manner that is
randomly accessible;

obtaining the data from the random access cache;

analyzing with an analytic engine the cached data to determine
when to use different processor control settings; and

randomly accessing the one or more data segments stored in the
random access cache to reprocess the one or more data segments with
the different processor control settings.

11.  The data processing method of Claim 10 further comprising
repeating the steps of:

analyzing with the analytic engine the cached data to determine
when to use different processor control settings; and

randomly accessing the one or more data segments stored in the
random access cache to reprocess the one or more data segments with
the different processor control settings uniil the analytic engine
determines not to use different processor control settings.

12.  The data processing method of Claim 10 wherein the random
access data cache stores data and the associated metadata.

13. The data processing method of Claim 12 wherein the metadata

comprises at least one of a tag identifying the data and the location in the cache,
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a time and date stamp, a sequence number, a beginning of the data segment, an
end of the data segment, a height, a width, and a pointer to a next data segment.

14.  The data processing method of Claim 10 wherein the data capture
devise is a scanner, a camera, an infrared camera, an acoustic camera, a digital
camera, a video recorder, an acoustic sensor, or a facsimile machine.

15. The data processing method of Claim 10 wherein processing
comprises applying at least one image processing algorithm.

16. The data processing method of Claim 10 wherein processing
comprising applying at least one of a detection orientation algorithm, a detect
bleed-through algorithm, a color detection algorithm, a background smoothing
algorithm, and a detection of scanned page boundaries algorithm.

17.  The data processing method of Claim 10 wherein analyzing with the
analytic engine comprises performing an analysis comprising at least one of a
page boundary detection, a streak detection, a page boarder detection, a blank
page detection, a conversion from an RGB color representation to a YCbCr color
representation, a hue measurement, a saturation measurement, a luminescence
measurement, a grayscale intensity histogram, a color histogram, a geometric
analysis, color detection, gamma detection for brightness and color levels, and a
textual orientation.

18. A document processing system comprising:

a random access cache that receives a document from a scanner,
wherein the document is stored as one or more data segments within the
random access cache and in a manner that is randomly accessible;

a processor in communication with the random access cache,
wherein the processor is configured to obtain the document from the
random access cache, the processor having processor control settings
that are used to process the document; and

an acquisition controller interconnected with the processor, the
acquisition controller configured to analyze the processed document to
determine when to use different processor control settings on the one or
more data segments within the document and wherein the processor

randomly accesses the one or more data segments stored in the random
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access cache to reprocess the one or more data segments with the

different brocessor control settings.

19. The document processing system of Claim 18 wherein the random
access data cache stores data and the associated metadata.

20. The document processing system of Claim 19 wherein the
metadata comprises at least one of a tag identifying the data and the location in
the cache, a time and date stamp, a sequence number, a beginning of the data
segment, an end of the data segment, a height, a width, and a pointer to a next
data segment. ,4

21. The document processing system of Claim 18 wherein processing
comprises applying at least one image processing algorithm.

22. The document processing system of Claim 18 wherein processing
comprising applying at least one of a detection orientation algorithm, a detect
bleed-through algorithm, a color detection algorithm, a background smoothing
algorithm, and a detection of scanned page boundaries algorithm.

23. The document processing system of Claim 18 wherein the
acquisition controller performs an analysis comprising at least one of a page
boundary detection, a streak detection, a page boarder detection, a blank page
detection, a conversion from an RGB color representation to a YCbCr color
representation, a hue measurement, a saturation measurement, a luminescence
measurement, a grayscale intensity histogram, a color histogram, a geometric
analysis, color detection, gamma detection for brightness and color levels, and a
textual orientation.
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