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TITLE

METHODS FOR AUTOMATICALLY GENERATING A CARD DECK LIBRARY AND
MASTER IMAGES FOR A DECK OF CARDS, AND A RELATED CARD PROCESSING
APPARATUS
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is a continuation-in-part of U.S. Patent Application Serial
No. 13/631,658, filed September 28, 2012, and entitled “Card Recognition System, Card
Handling Device, and Method for Tuning a Card Handling Device,” the disclosure of which is

hereby incorporated herein by this reference in its entirety.

FIELD
[0002] The disclosure relates generally to card recognition in card handling devices.
More specifically, disclosed embodiments relate to automatic generation of calibration files

and other improvements to card recognition systems of card handling devices.

BACKGROUND

[0003] Card handling devices (e.g., card shufflers) are used in the gaming industry for
increasing the efficiency, security, and game speed in live table games, such as blackjack,
baccarat, and various forms of poker. Card handling devices may perform a variety of functions
including randomly shuftling one or more decks of cards in an efficient and thorough manner.
In a live table game, shuffling the cards in an efficient and thorough manner may assist in
preventing players from having an advantage by knowing the position of specific cards or
groups of cards in the final arrangement of cards delivered in the play of the game.
Additionally, it may be desirable to shuftle the cards in a very short period of time in order to
reduce delay in the play of the game.

[0004] Card shufflers may include a card recognition system, which may be used to
verify the contents of the card set, such as one or more decks and ensure that the card set
contains all the appropriate cards, and also to detect any cards that do not belong therein. The
card recognition system may also enable a card shuftler to verify the contents of the deck
throughout the game play. Some known card shufflers may comprise a card recognition system
that employs sensors and a hardware component that may sense the rank (2-10, Jack-Ace) and
suit (Spade, Club, Heart, Diamond) from the face of a card and thereafter convert signals from

the sensed data into data array sets. The data array sets may be compared to known data array
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sets of a verified deck of cards. Other known card shufflers may comprise a camera that
captures an unknown image of each card entered into the card shuffler and then extracts the card
rank and suit from the unknown image. The unknown image may be compared to master
images of a verified deck of cards to identify the cards.

[0005] There are several different card manufacturers (e.g., Angel, Gemaco, U.S.
Playing Card Company, Cartamundi, Ace, Copag, etc.) each having different types of card
designs. For example, the card images (e.g., graphics) printed on the card faces may vary from
one deck to the next. In addition, the size and location of the rank and suit may also vary from
one deck design to the next.

[0006] In order to support each of the various possible card images, the card
recognition system of the card shuffler may be loaded with a set of master images containing the
rank and suit symbols of a particular deck design. The master images may be stored in memory
within the card shuffler in a particular sub-directory for that particular deck design. For
example, a sub-directory may exist for each deck type supported by the card shuffler. The
process of creating these master images conventionally requires a substantial amount of manual
measurement and analysis by a technician to create and load the master images for each deck
type. For example, the technician may manually enter parameters into a calibration file listing
different measurements and locations related to the rank and suit symbols. This process
involves trial and error, and is time consuming as the technician attempts to find the right
combination of parameters to use in generating the master images.

[0007] Another obstacle associated with conventional card detection devices is that
card manufacturers may create new deck designs or make changes to existing deck designs.
The conventional method of manually creating deck libraries becomes burdensome to
technicians who not only have to create the deck libraries, but also need to update the deck
libraries of card shufflers in use in the field. In addition, each individual card shuffler may be
configured differently, which may require the technician to create a new calibration file for a
particular machine. As a result, when the same deck library is created for one card shuffler
and then simply reproduced and stored on each additional card shuffler, there may be
variations during card recognition from one card shuffler to the next, even within the same
model of shuffler.

[0008] Once loaded onto a card shuffler, the dealer may select the specific deck
design that will be used during game play. Selecting the deck in the card shuffler determines

which deck library (e.g., master images and other related files) is used for comparison with
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the card images captured during use. The dealer may select the incorrect deck type, often for
reasons such as a lack of training or simple input error. As a result, the deck library from one
deck type may be used for comparison with images from another deck type. Using the wrong

deck library may result in errors in card identification.

SUMMARY

[0009] In an embodiment, a method of automatically generating a calibration file
for a card handling device is disclosed. The method comprises capturing a raw image from at
least a portion of a card passing through a card handling device, and using a processor,
automatically generating a calibration file stored in memory of a main control system of the
card handling device. Automatically generating the calibration file comprises identifying at
least one parameter associated with a rank area around a rank of the at least a portion of the
card, identifying at least one parameter associated with a suit area around a suit of the at least
a portion of the card, and storing the at least one parameter associated with the rank area and
the at least one parameter associated with the suit area in the calibration file.

[0010] In another embodiment, a method of automatically generating one or more
deck libraries for one or more decks of cards is disclosed, The method comprises using a
processor to automatically generate a first calibration file without user input in identifying at
least one parameter associated with a rank area and at least one parameter associated with a
suit area for a first deck type of cards, the calibration file including the parameters associated
with the rank area and the suit area, storing the first calibration file in a first deck library for
the first deck type, using the processor to automatically generate a plurality of master images
for the cards of the first deck type using the parameters from the calibration file, and storing
the plurality of master images for the cards of the first deck type in the first deck library.

[0011] In another embodiment, a card processing apparatus is disclosed. The card
processing apparatus comprises a memory device, an imaging device operably coupled with
the memory device such that raw images from the imaging device are stored in the memory
device, and a main control system coupled with the imaging device. The main control system
is configured to run an operating system having a file directory system configured to store a
plurality of deck libraries for a plurality of different deck types. The main control system is
configured to receive the raw images from the memory device, automatically generate a

calibration file having parameters related to a rank area and a suit area for a deck type.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a perspective view of a card handling device according to an
embodiment of the present disclosure.

[0013] FIG. 2 is a perspective view of a card handling device according to another
embodiment of the present disclosure.

[0014] FIG. 3 is a partial perspective view of a card handling device according to
another embodiment of the present disclosure.

[0015] FIG. 4 is a schematic block diagram of a card processing system for a card
handling device according to an embodiment of the present disclosure.

[0016] FIG. 5 is an illustration of an image captured by an imaging device of a card
handling device, according to an embodiment of the present disclosure.

[0017] FIG. 6 is a flowchart illustrating a method for automatically generating a
calibration file for a card detection system according to an embodiment of the present disclosure.

[0018] FIG. 7 is a flowchart illustrating a method for generating master images
according to an embodiment of the present disclosure.

[0019] FIGS. 8A through 8C illustrate a process of generating the master rank image
and the master suit image from the raw image according to the parameters stored in the
calibration file.

[0020] FIG. 8D and 8E show an example of the master images being normalized to
form normalized master images.

[0021] FIGS. 9A through 9C are a series of card images that illustrate a method for
generating master images by finding and filling contours according to another embodiment of
the disclosure.

[0022] FIG. 10 and 11 show histograms that may result from an OCR analysis of the
master suit images and the master rank images generated by the contour analysis illustrated in
FIGS. 9A through 9C.

[0023] FIG. 12 is a flowchart illustrating a method for determining the identity of
unknown images according to an embodiment of the present disclosure.

[0024] FIGS. 13A, 13B, and 13C show a processed image of a card, in which the
imaging device had experienced dust build-up on the lens.

[0025] FIGS. 14A and 14B illustrate a problem of incorrectly splitting an image that

may arise during card recognition mode.
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[0026] FIGS. 15A, 15B illustrate an issue that may arise when capturing an image
using uneven illumination.

[0027] FIGS. 16A, 16B, 16C are raw images from the imaging device of a card
handling device showing fish eye distortion caused by the imaging device.

[0028] FIGS. 17A, 17B, 17C are images for which the fisheye distortion has been

reduced through mathematical stretching of the distorted image.

DETAILED DESCRIPTION

[0029] In the following description, reference is made to the accompanying
drawings in which is shown, by way of illustration, specific embodiments of the present
disclosure. Other embodiments may be utilized and changes may be made without departing
from the scope of the disclosure. The following detailed description is not to be taken in a
limiting sense, and the scope of the claimed invention is defined only by the appended claims
and their legal equivalents. Furthermore, specific implementations shown and described are
only examples and should not be construed as the only way to implement or partition the
present disclosure into functional elements unless specified otherwise herein. It will be
readily apparent to one of ordinary skill in the art that the various embodiments of the present
disclosure may be practiced by numerous other partitioning solutions.

[0030] In the following description, elements, circuits, and functions may be shown
in block diagram form in order not to obscure the present disclosure in unnecessary detail.
Additionally, block definitions and partitioning of logic between various blocks is exemplary
of a specific implementation. It will be readily apparent to one of ordinary skill in the art that
the present disclosure may be practiced by numerous other partitioning solutions. Those of
ordinary skill in the art would understand that information and signals may be represented
using any of a variety of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by voltages, currents, electromagnetic
waves, magnetic fields or particles, optical fields or particles, or any combination thereof.
Some drawings may illustrate signals as a single signal for clarity of presentation and
description. It will be understood by a person of ordinary skill in the art that the signal may
represent a bus of signals, wherein the bus may have a variety of bit widths and the present

disclosure may be implemented on any number of data signals including a single data signal.
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[0031] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed with a
general-purpose processor, a special-purpose processor, a Digital Signal Processor (DSP), an
Application-Specific Integrated Circuit (ASIC), a Field-Programmable Gate Array (FPGA) or
other programmable logic device, a controller, discrete gate or transistor logic, discrete
hardware components, or any combination thereof designed to perform the functions
described herein. A general-purpose processor may be a microprocessor, but in the
alternative, the processor may be any conventional processor, controller, microcontroller, or
state machine. A general-purpose processor may be considered a special-purpose processor
while the general-purpose processor executes instructions (e.g., software code) stored on a
computer-readable medium. A processor may also be implemented as a combination of
computing devices, such as a combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunction with a DSP core, or any other
such configuration.

[0032] Also, it is noted that the embodiments may be described in terms of a
process that may be depicted as a flowchart, a flow diagram, a structure diagram, or a block
diagram. Although a process may describe operational acts as a sequential process, many of
these acts can be performed in another sequence, in parallel, or substantially concurrently. In
addition, the order of the acts may be re-arranged. A process may correspond to a method, a
function, a procedure, a subroutine, a subprogram, etc. Furthermore, the methods disclosed
herein may be implemented in hardware, software, or both. If implemented in software, the
functions may be stored or transmitted as one or more instructions or code on computer-
readable media. Computer-readable media includes both computer storage media and
communication media, including any medium that facilitates transfer of a computer program
from one place to another.

[0033] It should be understood that any reference to an element herein using a

29 <

designation such as “first,” “second,” and so forth does not limit the quantity or order of those
elements, unless such limitation is explicitly stated. Rather, these designations may be used
herein as a convenient method of distinguishing between two or more elements or instances
of an element. Thus, a reference to first and second elements does not mean that only two
elements may be employed or that the first element must precede the second element in some

manner. In addition, unless stated otherwise, a set of elements may comprise one or more

elements.
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[0034] As used herein, the term “master image” is an image generated by a card
recognition system during calibration mode that may be stored for future comparison with
unknown images to identify a card during card recognition mode. The master images may
include separate master images for each rank and suit of a deck. There may also be master
images for other symbols, such as a joker, Wagner symbols, deck set symbols, casino
symbols and other known symbols. In some embodiments, a master image may include both
the rank and the suit of an individual card, such that each individual card has its own master
image. A “raw image” is an image generated by a card recognition system during calibration
mode and may be used to generate the master image. An example of a “raw image” is an
image generated by a two-dimensional (2D) CMOS image sensor. As discussed below, the
master images may be generated according to parameters stored in an automatically
generated calibration file. In the context of card recognition, a “raw image” may be
generated and used to generate an unknown image. The term “unknown image” is an image
that is generated by the card recognition system for comparison with a master image to
identify a card rank and suit during card recognition mode.

[0035] Embodiments of the present disclosure include card handling devices, card
recognition systems, and related methods. It is contemplated that there are various
configurations of card handling devices that may include a card recognition system according
to an embodiment of the present disclosure. FIGS. 1 through 3, described below, are non-
limiting examples of such card handling devices that may employ card recognition systems
and methods of the present disclosure. Of course, other configurations of card handling
devices are also contemplated.

[0036] FIG. 1 is a perspective view of a card handling device 100 according to an
embodiment of the present disclosure. The card handling device 100 may be configured to
randomize sets of cards, such as decks and sets of multiple decks of cards. The card handling
device 100 may include a top surface 112 that comprises a flip-up cover 114 that, when
opened, may expose a card insertion area 116 and an elevator platform 118. The card
insertion area 116 may be configured to receive an input set of cards to be shuffled, counted,
and/or sorted. The card handling device 100 may be configured to receive, read rank and
suit, sort, and/or shuffle one or more decks of cards (e.g., standard deck of 52 cards each, 52
cards plus one or two jokers, etc.). The card handling device 100 may be particularly well
suited for providing randomized decks of cards for card games, such as blackjack, poker, etc.

In some embodiments, the card handling device 100 may be located adjacent to, or flush
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mounted into, a gaming table surface in a casino where a live card game may be played. In
some embodiments, the card handling device 100 may be located at a remote location off the
casino floor, which may be inaccessible to the public.

[0037] The elevator platform 118 may be configured to raise a set of shuffled cards
to a level where the cards may be removed by an operator after the shuffling, reading, and/or
sorting processes are completed. Within a protective exterior 124 of the card handling device
100 1s a card processing system 400 (FIG. 4) therein. The card processing system 400 may
be configured to recognize the identity of the cards as the cards pass through the card
handling device 100. The elevator platform 118 may include a card present sensor 120
configured to detect the presence of a card located on the elevator platform 118. Other card
present sensors 420 (FIG. 4) in the card processing system 400 may trigger the card
recognition system to capture the image of the card or data from the card image.

[0038] The card handling device 100 may also be configured to display operational
data relating to the device to a display panel 122 located on the top surface 112. An operator
using the card handling device 100 may monitor the display panel 122 and view the displayed
information in order to know the status of operation of the card handling device 100. Such
information displayed on display panel 122 may include the number of cards present in the
card handling device 100, the status of any shuffling, reading, or sorting operations, security
information relating to the card handling device 100, status relating to a card verification
process, or any other information about errors, or the operation of card handling device 100
that would be useful to the operator. In one embodiment, the display panel 122 is a LED
display. In another embodiment, the display is a LCD display or other electronic display
capable of at least displaying alpha-numeric information. The display panel 122 may include
a user interface for the user to interact with the card handling device 100. For example,
buttons 113, 115 may control operations, such as power on/off, special functions (e.g., raise
elevator to the card delivery position, reshuffle command, security check, card count
command, etc.), and the like. In other embodiments, touchscreen controls are provided on a
surface of the display panel 122.

[0039] Additional details regarding such a card handling device are described in
U.S. Patent 7,764,836, issued July 27, 2010, and entitled “Card Shuffler with Card Rank and
Value Reading Capability Using CMOS Sensor,” and U.S. Patent Application Publication
No. 2008/0113700, filed November 10, 2006, and entitled “Methods and Apparatuses for an
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Automatic Card Handling Device and Communication Networks Including Same,” the
disclosure of each of which is incorporated herein in its entirety by this reference.

[0040] FIG. 2 is a perspective view of another card handling device 200 according
to another embodiment of the present disclosure. The card handling device 200 may include
a recessed card infeed tray 222, adjacent recessed card output tray 224, and a plurality of card
shuffling compartments (not shown) arranged into a carousel structure 223 that are
configured to shuffle a deck of cards inserted into the card infeed tray 222 and outputted in
smaller groups, such as hands and/or partial hands to the card output tray 224 during use.

The shuffling compartments of the carousel structure 223 may be enclosed within a cover
228. A card present sensor (not shown) in the card output tray 224 may generate a signal that
causes the processor to instruct mechanical elements to dispense another group of cards after
the last group of cards is removed. The card handling device 200 includes a flange member
202 that may further include a dealer display 242 that may include touch screen controls for
the dealer to input commands for the card handling device 200. The card handling device
200 may be flush-mounted on a gaming table. Additional details regarding such a card
handling device are described in U.S. Patent 8,342,525, issued January 1, 2013, and entitled
“Card Shuffler with Adjacent Card Infeed and Card Output Compartments,” the disclosure of
which is incorporated herein in its entirety by this reference. The card handling device 200
may further include a card recognition system (FIG. 4) that may be housed within the cover
228, and which will be described in further detail below.

[0041] FIG. 3 is a partial perspective view of a card handling device 300 according
to yet another embodiment of the present disclosure. The card handling device 300 includes
a card receiving area 306 that may be provided with a stationary lower support surface 307
that slopes downwardly from an outer side 309 of the card handling device 300. The outer
side 309 may include a depression 311 configured to facilitate an operator's ability to place or
remove cards into the card receiving area 306. A top surface 304 of the card handling device
300 may include a user interface 302 that may include a visual display 312 (e.g., LED, liquid
crystal, micro monitor, semiconductor display, etc.), and one or more user inputs 324, 326.
The user inputs 324, 326 may include one or more buttons, touch screens, etc. The user
interface 302 may further include additional lights and/or displays 328, 330, which may be
configured to indicate power availability (on/off), a shuffler state (e.g., active shuffling,
completed shuffling cycle, insufficient numbers of cards, missing cards, sufficient numbers of

cards, complete deck(s), damaged or marked cards, entry functions for the dealer to identify
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the number of players, the number of cards per hand, access to fixed programming for
various games, the number of decks being shuffled, card calibration information, etc.), or
other information useful to the operator.

[0042] The card handling device 300 may further include a shuffled card return area
332. The shuffled card return area 332 may include an elevator surface 314 and card-
supporting sides 334 that surround at least a portion of the elevator surface 314. In some
embodiments, the card-supporting sides 334 remain fixed to the elevator surface 314 during
operation. In other embodiments, the card-supporting sides 334 may be fixed to the frame
and do not move. In some embodiments, the card-supporting sides 334 may be removable.
Removal of the card-supporting sides 334 may enable the operator to lift shuffled groups of
cards onto a gaming table surface for use in a card game. Additional details regarding such a
card handling device are described in U.S. Patent 7,764,836, issued July 27, 2010, and
entitled “Card Shuffler with Card Rank and Value Reading Capability Using CMOS Sensor,”
the disclosure of which is incorporated herein in its entirety by this reference. The card
handling device 300 may further include a card recognition system (not shown), which will
be described in further detail below.

[0043] Depending on the configuration of the card handling device employed, the
physical configuration of the card recognition system may also vary from one card handling
device to the next. For example, the placement of the imaging device may be different (e.g.,
different angles) from one card handling device to the next, which may result in the need to
generate and maintain different deck libraries for the various types of card handling devices.
According to conventional methods for generating deck libraries and master images where
each step is performed manually, the need to maintain deck libraries for various types of card
handling devices is increased with the different shuffler structures, which may further add to
the benefits and advantages of embodiments of the present disclosure.

[0044] Embodiments of the present disclosure include apparatuses and related
methods for automatically generating a calibration file for a card handling device. Thus,
rather than using substantial human interaction and trial and error to arrive at certain
parameters used in the identification of an unknown card, embodiments of the present
disclosure use a processor programmed to identify the location and dimensions on a card for
a rank, suit, region of interest, and/or other measurements regardless of the deck type and
without user interaction, and to generate a calibration file that is later used during a card

recognition mode of the processor.
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[0045] FIG. 4 is a schematic block diagram of a card processing system 400 for a
card handling device according to an embodiment of the present disclosure. Examples of
card handling devices 100, 200, 300 that may include the card processing system 400 include
those described above with respect to FIGS. 1 through 3. Of course, it is contemplated that
the card processing system 400 may be adapted for use within any card handling device that
is configured to shuffle, sort, deal, process or otherwise handle a deck of cards.

[0046] The card processing system 400 may be configured to be automatically
tuned to obtain card rank and suit information from one or more decks of cards of different
designs and manufacturers, after which the card processing system 400 may be used to
determine the identity (i.e., rank and suit) of an unknown card passing through the card
handling device. The ability to determine the identity of an unknown card may be desirable
for fraud detection, verifying that the proper cards are in a deck, or for other reasons. In
some embodiments, the card processing system 400 may also be configured to control the
shuffling of the cards, as well as the motors, rollers, etc., that move the cards through the card
handling device. In some embodiments, a separate shuffler processor (not shown) may be
configured to control the mechanical operation of the card handling device.

[0047] The card processing system 400 may include a main control system 412, a
card recognition processor 414, an imaging device 416, a memory device 418, a latch 419,
and a card present sensor 420. Each of the main control system 412, card recognition
processor 414, imaging device 416, the memory device 418, and the card present sensor 420
may be coupled with each other for communication therebetween. The latch 419 may be
coupled between the card recognition processor 414 and the memory device 418.

[0048] The card recognition processor 414 may be coupled with the imaging device
416 to receive captured images. Capturing an image of all or a portion of the card is also
referred to herein as “reading the card.” Cards may be read when stationary or in motion
within the card handling device. The imaging device 416 may be positioned and oriented
within the card handling device, such that at least a portion of the card may be placed within
a field of view of the imaging device 416 when capturing an image of the card. As shown in
FIG. 5, a portion of card 506 for the resulting raw image 417 that is within the field of view
502 of the imaging device 416 may be the upper-left hand corner of the card 506. (When the
card is face-up, long side along the x axis). Additional detail regarding analysis of the raw
image 417, and the related information derived therefrom, will be discussed with more detail

below with respect to FIG. 5.
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[0049] Referring again specifically to FIG. 4, the main control system 412 may
include a processor 430 and memory 432. The processor 430 may be configured to perform
operations, such as executing instructions (e.g., software code) that perform methods
described herein. The instructions may include a program that will run on the main control
system 412 at the time the card handing device is tuned (i.e., calibrated) for a specific deck of
cards of a specific design. The memory 432 may be configured to store information therein.
For example, the memory 432 may store the executables and other files that enable the
processor 430 to run the operating system on the main control system 412. The memory 432
may include volatile and/or non-volatile memory. The main control system 412 may run an
operating system (e.g., Linux, Windows, etc.). The main control system 412 may be
configured to instruct the imaging device 416 to capture the image (e.g., responsive to a
trigger signal from the card present sensor 420) or to extract data from a symbol printed in
the field of view 502. The main control system 412 may also be configured to communicate
information to input and output devices (not shown), such as a display, operator inputs, etc.

[0050] The operating system may enable a data organization structure that includes
a file system 431 for storing files (e.g., image files, calibration files, etc.) within the memory
432 that may be used to determine the identity of unknown cards during card recognition
mode. The main control system 412 may be configured to organize the file system 431 into
sub-directories 434, 436. Each sub-directory 434, 436 may be for a deck type or design to
which the card processing system 400 has been tuned. Thus, a sub-directory may also be
referred to as a “deck library.” A first deck library 434 may include files stored therein that
are for a first particular deck type. For example, files stored within the first deck library 434
may include a calibration file 433, a deck name file 435, and a plurality of master images
413, 415. The calibration file 433 may include parameters that identify certain measurements
(e.g., rank and suit areas, region of interest, etc.) that may be used by the main control system
412 and/or the card recognition processor 414 to generate the master images 413, 415 and/or
process other images to be compared with the master images 413, 415.

[0051] The processor 430 of the main control system 412 may be configured (e.g.,
programmed) to control the card processing system 400 for operation in one of a plurality of
modes. For example, the card processing system 400 may be capable of operating in a
calibration mode (e.g., automatically generating a calibration file, master images, and other
files of a deck library) and a card recognition mode (e.g., determining the identity of an

unknown card passing through the card handling device).
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[0052] During the calibration mode, the card processing system 400 may be “tuned”
to recognize a particular deck of cards or deck type. Therefore, the calibration mode may
also be referred to herein as the “tuning mode.” During calibration mode, the main control
system 412 may be configured to automatically generate the calibration file 433 and the
master images 413, 415 that may be employed by the card processing system 400 when
subsequently operated in the card recognition mode. The master images 413, 415 include
master rank images 413 and master suit images 415 for the specific card deck type or deck
design to which the card processing system 400 is being tuned. Thus, for example, the
master rank images 413 may include thirteen images, one for each rank (2, 3, ... 10, Jack (J),
Queen (Q), King (K), and Ace (A)), and the master suit images 415 may include four images,
one for each suit (Diamonds (D), Hearts (H), Spades (S), and Clubs (C)). The result from
calibration mode includes the calibration file 433, the master images 413, 415, and the deck
name file 435 being stored in a deck library 434 for the specific deck type.

[0053] The master images 413, 415 may be generated by the card processing system
400 by reading a pre-sorted deck into the card processing system 400. As used herein, “pre-
sorted” means that cards of the deck to be tuned are placed and read into the card processing
system 400 in an order that is known or expected by the main control system 412 during
calibration mode. The term “pre-sorted” is not intended to require any particular order of
cards, but rather an order that is expected by the main control system 412. In other words,
the card processing system 400 knows the rank and suit of each respective card as it is read
into the card processing system 400 and used to generate the master images 413, 415. In
some embodiments, the master images 413, 415 may be generated by the card processing
system 400 by reading an unsorted (e.g., randomly ordered) deck of cards into the card
processing system 400. “Unsorted,” therefore, means that the cards of a deck to be tuned are
placed in an order that is unknown or unexpected by the main control system 412. From the
perspective of the main control system 412, an unsorted deck is a randomly ordered deck.
Additional details regarding the generation of master images 413, 415 of a pre-sorted and an
unsorted deck are described below with reference to FIGS. 7 and 8A-8C.

[0054] As discussed above, the file system 431 may include additional deck
libraries 436 that are unique to additional deck types to which the card processing system 400
has been tuned. For example, a deck library may be stored for each style or brand of cards
used by a casino. As a result, each time the card processing system 400 is tuned for a new

deck type, the card processing system 400 may automatically generate a new deck library
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having a calibration file 433, a deck name file 435, and plurality of master images 413, 415
for the new deck type stored therein. Any number of deck libraries may be generated and
included within the file system 431, according to the number of desired deck types to which
the card processing system 400 is tuned. Because card styles sometimes change over time, it
may be desirable to generate a new deck library 434 each time a casino receives a new
shipment of cards.

[0055] The card processing system 400 may also operate in a card recognition
mode. During the card recognition mode, an unknown image 411 may be compared with one
or more master images 413, 415 to determine the identity (e.g., the rank and suit) of the
unknown card passing through the card handling device. The card recognition mode may
occur during real-time play of a wagering game, with the processing being primarily
performed by the card recognition processor 414 rather than the main control system 412.
Additional details regarding the recognition of an unknown card passing through the card
handling device during the card recognition mode are described below with reference to FIG.
12.

[0056] The card recognition processor 414 may configured as an FPGA or
comparable hardware component having control logic configured to process one or more
images according to embodiments described herein. During the calibration mode, the card
recognition processor 414 may be configured to process a raw image data captured by the
imaging device 416 data and transmit the processed raw image data to the memory device
418 as raw images 417. During the calibration mode, and after the calibration file 433 is
automatically generated, the card recognition processor 414 may also configured to generate
the master images 413, 415 according to the parameters stored in the calibration file 433.
During card recognition mode, the card recognition processor 414 may be configured to
determine the identity of an unknown card. For example, the card recognition processor 414
may be configured to generate the unknown images 411 from the raw captured image data so
that the unknown images 411 may be compared with one or more of the master images 413,
415 to determine the identity of the unknown card. In other words, during the card
recognition mode, the card recognition processor 414 may be configured to compare the
generated unknown rank and suit images (i.e., the unknown image 411) with master rank
images 413 and master suit images 415 to determine the identity of the card. The card
recognition processor 414 may also include memory that may store master images 413, 415

(as is shown in FIG. 4), which may be used to compare with the unknown image 411 during
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the card recognition mode. Memory of the card recognition processor 414 may also store raw
images 417 in some embodiments.

[0057] The imaging device 416 may include a camera (e.g., 2D CMOS imager)
configured to acquire a two-dimensional image of its field of view. The imaging device 416
may include an analog camera or a digital camera with a decoder or receiver that converts
received radiation into signals that can be analyzed with respect to image content. The
signals may reflect either color or black-and-white information, or merely measure shifts in
color density and pattern. The imaging device 416 may include one or more lenses to focus
light, mirrors to direct light, and radiation emitters to assure sufficient radiation intensity for
imaging by the imaging device 416. For example, the radiation emitters may include LED
light sources (not shown) to illuminate areas of the card being imaged. Although a white
light source may sometimes be adequate to capture grayscale data from red and black print on
cards, a green light source may be an efficient source of illumination for capturing black and
white data from both red and black print on cards.

[0058] The card present sensor 420 may be configured to generate a signal when a
card is present for the imaging device 416 to read. In some embodiments, the card present
sensor 420 may be coupled to the imaging device 416 directly for sending a trigger signal to
the imaging device 416 indicating that the card is present. In response to the trigger signal,
the imaging device 416 may capture the image of the card. In some embodiments, the card
present sensor 420 may be coupled to the imaging device 416 indirectly such that the trigger
signal is sent to the imaging device 416 through other components, such as the main control
system 412 or the card recognition processor 414. Although the card present sensor 420 is
shown in FIG. 4 as being directly coupled with each of the main control system 412, the card
recognition processor 414 and the imaging device 416, this is done to show various optional
configurations for the card present sensor 420.

[0059] The memory device 418 may be configured to store the captured raw images
417 for each of the cards of the deck. The raw images 417 may be read in by the imaging
device 416 to be used by the main control system 412 during calibration mode, which may be
used to generate the calibration file 433. The raw images 417 may further be provided to the
main control system 412 during calibration mode to generate a set of master images 413, 415,
which master images 413, 415 may ultimately be stored in the corresponding deck library
434, 436 for that respective deck type. The memory device 418 may have N locations

available for storing the raw images for each card, wherein N is any positive integer. For
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most standard decks, N may be equal to 52 or maybe, each rank of each suit 13 rank images
and 4 suit images. In some embodiments, N locations may include additional locations for
jokers, special cards, blank cards, or other symbols. Decks of cards having more or fewer
than 52 cards (e.g., cards with certain cards added or removed) are also contemplated. In
addition, the calibration file 433 and master images 413, 415 may be generated using a sub-
set of all cards of the deck. In other words, a raw image 417 may not be captured for each
and every card in the deck so long as at least one raw image 417 is available for each rank
and each suit in the deck. As a result, N may be fewer than the total number of cards in the
deck. Although the memory device 418 is shown in FIG. 4 as a discrete memory device, it is
contemplated that the memory device 418 may be integrated with the card recognition
processor 414 or the memory 432 of the main control system 412, such that the raw images
417 may be stored in the card recognition processor 414 or the main control system 412.

[0060] In some embodiments, the memory 432 may also include one or more
combined deck sub-directories 440. Each combined deck sub-subdirectory 440 may include
normalized images for a corresponding rank and suit from a plurality of different deck types.
For example, a first combined deck sub-directory 440 may have normalized images D, D,
... Dx previously taken from a plurality different deck types for the “2 rank,” a second
combined deck sub-directory 440 may have normalized “3 rank” images Dy, D», ... Dx
previously taken from a plurality of different deck types for the “3 rank,” and so on. Thus,
there may be thirteen different combined deck rank sub-directories, each having a relatively
large number of normalized rank images D1, D», ... Dn from different deck types. Likewise,
four different combined deck suit sub-directories 440 may be created that have a relatively
large number of normalized suit images Dy, D», ... Dy from different deck types stored
therein.

[0061] Each of the normalized images D, D, ... Dx may be a common size. In
addition, the normalized images may be stretched so that a pixel from each of the rank and
suit is located on an edge of the normalized image. The normalized images may be used in
comparison with the master rank and suit images 413, 415 for linking to the master images
413, 415 to the appropriate ranks and suits for the particular deck being tuned. Thus, the
master rank and suit images 413, 415 (or copies thereof) may also be normalized while tuning
the deck by having a common size with the normalized images and stretching the master rank
and suit images 413, 415 so that a pixel from each of the rank and suit is located on an edge

of the normalized image.
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[0062] The latch 419 may be configured to select a location in the memory device
418 in which a particular raw image 417 should be stored. For example, as the raw image
417 for a card is successfully stored, the latch 419 may include a flip flop and/or a counter
that increments as each raw image 417 is stored so that the raw image 417 for the next card
may be stored in the next location in memory device 418. If the raw image for a card is not

successfully stored, the latch 419 may not increment.

Raw Image Analysis and Parameters of the Calibration File

[0063] FIG. 5 is an illustration of a raw image 417 acquired by the imaging device
416 (FIG. 4) of a card handling device, according to an embodiment of the present disclosure.
The discussion related to the parameters in FIG. 5 also refers to the hardware environment for
acquiring the raw image 417 that described with respect to FIG. 4. The lines and
measurements shown in FIG. 5 illustrate certain parameters that may be determined and
included within the calibration file 433 for future use. Future use of the calibration file 433
may include when generating the master images 413, 415 during the calibration mode, as
well as when generating the unknown image 411 used to compare with the master images
413, 415 during the card recognition mode.

[0064] The raw image 417 may be acquired from the imaging device 416. Thus,
the raw image 417 of FIG. 5 may be one of the raw images 417 that may be stored in the
memory device 418 as the cards are read by the card handling device. The raw image 417
may be a grayscale image having a resolution determined by the imaging device 416 (e.g.,
320 pixel x 240 pixel resolution). A grayscale pixel may have relatively large number of
different values, whereas a black and white pixel may have the value of either a 1 (black) or a
0 (white). When processing the raw image 417, the raw image 417 may be converted from a
grayscale image to a black and white image. For example, the card recognition processor 414
(FIG. 4) may employ a method to assign grayscale pixels below a certain threshold value to a
0 (white) and grayscale pixels above a certain value to a 1 (black). Of course, different
resolutions and color schemes may be employed, as desired. For example, a full color image
may be captured by the imaging device 416; however, it should be appreciated that lower
resolution and black and white conversion may result in smaller file sizes and reduced
processing time. It is contemplated, however, that the color (e.g., red or black) of the rank or
suit may be one more distinguishing factor to assist in card recognition even though the color

is treated as irrelevant in many of the examples described herein. Adding color analysis may
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increase the accuracy of identifying ranks and suits; however, it may come at the expense of
additional complexity and/or processing time.

[0065] The field of view 502 of the imaging device 416 defines what data is able to
be captured by the imaging device 416 for the raw image 417. For example, the imaging
device 416 may be located within the card handling device to capture at least a portion of a
card 506 passing through the card handling device. As discussed above, a portion of the card
506 may be positioned within the field of view 502 such that the raw image 417 may include
the rank and the suit of the card 506. In the example shown in FIG. 5, the rank is a Queen
(Q) and the suit is a spade located in the upper left-hand corner of the card 506. Of course,
the rank and suit may be located in other positions on the face of the card 506.

[0066] A rank area 508 and a suit area 510 may define an area around the rank and
suit, respectively. The rank area 508 and the suit area 510 may completely encompass the
rank and the suit of the card 506. Having a good fit for the rank and suit may reduce the
amount of white space in the rank area 508 and the suit area 510, which may provide a better
separation and a more accurate match when comparing master images and unknown images.
The rank area 508 and/or the suit area 510 may be a box, a rectangle, or other shape. The
rank area 508 has a rank width 516 and a rank depth 518, which may be measured in pixels.
The suit area 510 has a suit width 520 and a suit depth 522, which may be measured in pixels.
The rank area 508 and the suit area 510 may be separated at a split region 509. The split
region 509 is a region (e.g., point, line, etc.) that is between the rank and the suit of the card
506, which may be used to be a starting point for measuring the rank area 508 and the suit
area 510. In some embodiments, the split region 509 may be ignored by finding the rank and
suit symbols, such as by blob analysis (described below), and then applying the parameters
from the calibration file 433 if the calibration file 433 exists.

[0067] Within the field of view 502, the main control system 412 may also define a
region of interest 504 to be stored in the calibration file 433 so that subsequent analysis may
focus on a smaller portion (the region of interest 504) of an image rather than a full image
(the field of view 502). The region of interest 504 is a portion of the field of view 502 that
includes the rank area 508 and the suit area 510 of the card 506. Focusing the analysis of the
card to the region of interest 504 may reduce the processing needed for generating master
images 413, 415.

[0068] As discussed above, various parameters may be stored in the calibration file

433 in order to assist the generation of the master images 413, 415 during calibration mode
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and the generation of the unknown images 411 during card recognition mode. These
parameters may be determined by the main control system 412 and stored in the calibration
file 433. The calibration file 433 may include the parameters for the specific deck type.
Such parameters may include V_lines 512, H_lines 514, rank width 516, rank depth 518, suit
width 520, suit depth 522, H_start 524, V_start 526, and V_offset 528. These parameters
may include various locations and measurements within the raw image 417.

[0069] V_start 526 is the shift in the X-axis for the finding the region of interest
504. V_start 526 may be based on the changes in the camera mount position relative to the
calibration target. V_start 526 may be set internally by the card recognition processor 414 or
the main control system 412. V_start 526 may be approximately the same for all shufflers of
the same model, but may account for small changes in camera mount position between
devices.

[0070] V_offset 528 is the pixel offset that is added along the X-axis to V_start 526
to find the edge of the region of interest 504. The region of interest 504 may be defined just
beyond the edge of the card 506 (e.g., by a few pixels) into the dark background. The
V_offset 528, which is a relative offset used to shift the card image further leftward into the
region of interest 504. The V_offset 528 may be determined by checking across all card
images that the region of interest 504 edge is just a few pixels away from the card next to
each rank/suit image, as the main control system 412 uses a black-to-white transition
algorithm to find the edge of the card. In order to compensate for some rotation-caused
shifting of the cards, the V_offset 528 may be reduced by a number (e.g., 4 pixels) from the
minimal value found across all cards.

[0071] H_start 524 is a relative offset along the Y-axis that is used to shift the card
image to define the upper portion of the region of interest 504. The higher the value of
H_start 524, the greater the shift. H_start 524 corresponds to a shift of the region of interest
504 downward from the top of the card 506. H_start 524 may be determined by finding the
distance to the black-to-white transition at the top edge of the card 506 and reducing by a
number (e.g., 4 pixels) to compensate for some shifting in the cards.

[0072] V_lines 512 is the number of pixels in the region of interest 504 along the X-
axis. In other words, the V_lines 512 is the width of the region of interest 504. V_lines 512
may be determined by taking the maximum of the center-most edge coordinate for the rank

and suit across all cards, and then subtracting V_start 526 and V_offset 528.
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[0073] H_lines 514 is the number of pixels in the region of interest 504 along the Y-
axis. In other words, the H_lines is the depth of the region of interest 504. H_lines 514 may
be calculated by determining the maximum coordinate across all card images for the edge
closest to the bottom of the suit.

[0074] The point having the coordinates (V_start + V_offset, H_start) may be used
to define the upper left-hand corner of the region of interest 504. The size of the region of
interest 504 may be defined by the V_lines 512 and H_lines 514. As a result, a smaller
window (i.e., the region of interest 504) may be output in order to look at a selected region
within the field of view 502 during operation.

[0075] Additional parameters may be stored in the calibration file 433 that relate to
the operation of the imaging device. Such additional parameters may include exposure,
camera gain, brightness, camera speed, camera resolution, etc., which may be read from
registers of the imaging device 416.

[0076] Additional parameters may be stored in the calibration file 433 that relate to
the deck or the operation of the card recognition mode. Such additional parameters may
include preload sets, split_algorithm_select, err_min_rank, err_min_suit, a deck number, and
a library number.

[0077] Split_algorithm_select may be used to indicate the direction that the card
recognition processor 414 begins its scan for finding the split region 509 in the unknown
image. For example, if there is a non-rank blob (e.g., Wagner symbol or artwork) between
the rank and the top edge of the card 506, the split_algorithm_select may be set to 1 to
instruct the card recognition processor 414 to scan the region of interest 504 from bottom to
top when finding the split region 509. The split_algorithm_select may be set to O to instruct
the card recognition processor 414 to scan the region of interest 504 from top to bottom when
finding the split region 509.

[0078] Err_min_rank is a parameter used to identify unknown rank images. The
number of black pixels in the unknown image is compared to the number of black pixels in
reference images and the reference image with the highest number of pixel matches is
determined to be the match. For example, if the score is less than the err_min_rank, the
master rank image is reported as being a non-match to the unknown rank image.
Err_min_suit is a parameter used to identify unknown suit images. For example, if the score
is less than the err_min_suit, the suit image is reported as being a non-match. During a

summing determination, a perfect match would have a 100% match rate between the
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unknown image and a master image. Because of some variations, this may not be the case.
The err_min_rank and err_min_suit are may be set to have values equating to a desired error
threshold (e.g., 75%) of the potential total matches in the summing determination. For
example, if a rank area 508 or a suit area 510 has 32 pixels, the err_min_rank and the
err_min_suit may be set to 24 (e.g., 24/32 = 0.75). As aresult, if the percentage of pixel
matches falls below this percentage (e.g., 75%), the rank and/or suit may be considered a
non-match against the master image. If more than one master image provides a score that
exceeds the match threshold (75%) when compared to the unknown image, then the master
image having the highest score may be considered the matching symbol. If none of the
master images provide a score that exceeds the match threshold (75%) when compared to the
unknown image, then the unknown image may remain unknown and an error alert may be
provided to the dealer. Situations in which the score may be below the match threshold may
include an error in the tuning process, an error in the image capture of the unknown image, a
card being turned over, a card being from another deck, a damaged or dirty card, the card
handling device being dirty, etc.

[0079] The deck number may be a unique number for a particular calibration file
433 in order for the dealer to select to be used in the future. The library number may
represent the number of times that the calibration file 433 has been updated. The preload sets
parameter may represent a number of image shifts that are done during correlation for an
image pair (e.g., an unknown image and a master image). In some embodiments, the deck
number and library number may be stored in a separate deck name file that is different than

the calibration file 433.

Calibration Mode Operation: Automatic Generation of Calibration File

[0080] FIG. 6 is a flowchart 600 illustrating a method for automatically generating a
calibration file for a card detection system according to an embodiment of the present
disclosure. The method of FIG. 6 is described with reference to the card processing system
400 of FIG. 4 and the raw image 417 of FIG. 5. The main control system 412 may operate in
the calibration mode to tune the card processing system 400 to a particular deck of cards such
that the card recognition processor 414 may subsequently identify unknown cards of that
particular deck type while operating in card recognition mode.

[0081] At operation 610, the raw image 417 for the cards in the deck may be

captured. For example, the deck of cards may be inserted into the card handling device and
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read into the card processing system 400. At operation 620, the raw image 417 may be stored
in the memory device 418 in the order that they are received. At operation 630, it is
determined if there is another card to be read and stored. If so, the next card is read, and the
next raw image 417 is stored in the memory device 418. In other words, cards may be
sequentially passed through the field of view 502 of the imaging device 416, and the raw
image 417 of at least an area the rank and suit symbols of each card is captured by the
imaging device 416, and moved by the card processing system 400 into the memory device
418 to be used for tuning the card processing system 400. In some embodiments, the cards
may be read in a predetermined order (i.e., pre-sorted), while in other embodiments, the cards
may be read in any order (i.e., unsorted).

[0082] In some embodiments, the upper left-hand corner of the card may be
captured by the imaging device 416, whereas in other embodiments the imaging device 416
may capture a larger portion of the card face (e.g., the entire card face). At the close of
reading all or a portion of each card in the deck, a raw image 417 may be stored in the
memory device 418 for each card of the deck. At this point, the raw images 417 stored in the
memory device 418 may not be processed (e.g., cropped or otherwise altered), but represent
full images for the entire field of view 502 of the imaging device 416, including each rank
and suit symbol.

[0083] At operation 640, one or more raw images 417 may be loaded from the
memory device 418 to the main control system 412 for image processing and for
automatically generating the calibration file 433. In some embodiments all raw images 417
captured for the card deck may be loaded from the memory device 418 to the main control
system 412 for subsequent image processing. In other embodiments, each raw image 417
may be loaded to the main control system 412 and subsequently processed one at a time.

[0084] At operation 650, the location of the rank and suit symbols may be identified
within the raw images 417 along with parameters associated with their areas. For example,
the main control system 412 may be configured to perform an image processing analysis of
each raw image 417. The image processing analysis may include identification of
measurement data (e.g., parameters representative of length, width, areas, coordinates,
dimensions, etc.) relating to at least one of a rank area 508 around a rank of the card, and a
suit area 510 around a suit of the card.

[0085] As an example of a method that may be used by the main control system 412

to identify the areas within the raw images 417 that include the rank and suit symbols of a
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card, the main control system 412 may perform a “blob” analysis or other similar analysis on
one or more of the raw images 417 stored in the memory device 418. A blob is a connected
region in a binary digital image. In other words, a blob may include a point and/or a region
in the raw image 417 in which the pixel data differs in some property from the pixel data in
surrounding areas. For example, the blob analysis may locate black regions of a black-white
image or may analyze intensity of a grayscale image.

[0086] The blob analysis may result in extracting features from an identified blob,
such as the orientation of a blob, the centroid of the blob, the height and width of the blob,
and other similar features. An example of such an image processing program capable of
being programmed to perform the analysis described herein includes OpenCV (Open Source
Computer Vision Library) developed by Intel Corporation of Santa Clara, California.
OpenCV is an open source library that includes a plurality of additional algorithms and sub-
features for algorithms that may be used in image analysis. Descriptions regarding the
function and usage of the algorithms that may be performed using OpenCV are described in
one or more of the following text books: “OpenCV 2 Computer Vision Application
Programming Cookbook, published May 23, 2011, author Robert Laganiere; “Learning
OpenCV: Computer Vision in C++ with the Open CV Library,” published December 25,
2012, authors Gary Bradski et al.; and “Mastering OpenCV with Practical Computer Vision
Projects,” published December 3, 2012, authors Baggio et al., the disclosure of each of which
is hereby incorporated herein by this reference in its entirety. For example, libraries from
OpenCV may be employed to perform conversion of images from a grayscale image into a
black and white image, finding contours on an image, and filling a contour to isolate a rank
and suit within the images. In addition, libraries from OpenCV may be employed to perform
a blob analysis, optical character recognition (OCR), or other methods that may be used to
link the appropriate rank and suit images with the card images, which may enable tuning a
deck of cards out of order (as discussed in further detail below). Other software that may be
capable of blob analysis and other image processing features may also be employed, such as
MATLAB® developed by Mathworks of Natick, Massachusetts.

[0087] The blob analysis may be configured to locate blobs within a selected raw
image 417. Although the term “raw image” is used during the description of the blob
analysis, the image that is analyzed may be processed. For example, the main control system
412 may convert the raw image 417 to black and white, may crop (or ignore) the raw image

417 to the region of interest 504 around the card 506 that is of a smaller size than the field of
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view 502 of the imaging device 416, etc., prior to performing the blob analysis to identify the
areas of interest that include the rank and suit of the card 506. In this context, the term “raw
image” is intended to mean that the image is not a master image 413, 415, and not necessarily
that no processing or alteration of the raw image 417 has been performed.

[0088] In particular, the blob analysis may be employed to locate rank and suit
symbols, and distinguish between ranks, suits, and other markings on the card. As an
example, the blob analysis may determine an initial number of blobs within the raw image
417. The initial number of blobs may be relatively large (e.g., 3000 blobs) based on the
artwork on the card that is present within the field of view of the imaging device 416. The
blob analysis may also return a location (e.g., centroid) of each blob within the raw image, as
well as the measurements (e.g., height, width, etc.) of each blob.

[0089] The blob analysis may ignore other blobs based on size, shape, or location in
order to arrive at the rank and suit symbols. For example, because the rank and suit of most
cards may be expected to have at least a minimum size, blobs smaller than the minimum size
may be ignored by the main control system 412 for purposes of finding the areas of interest in
the raw image 417 that include the rank and suit. In addition, because the rank and suit of
most cards may be expected to be located near the corners of the cards, blobs that are outside
of that expected region may also be ignored. As a result, the remaining blobs left to be
analyzed should include the one or more blobs corresponding to the rank symbol and the one
or more blobs corresponding to the suit symbol on the card.

[0090] In some embodiments, the main control system 412 may identify the “10”
rank symbol first (i.e., excluding other cards, such as Jack, King, etc.). Unique characteristics
of the 10 rank symbol may be particularly helpful for the main control system 412 to identify
the location and dimensions of the 10 rank and also distinguish the 10 rank from the other
ranks. For example, the 10 rank may be recognizable because the 10 rank has two relatively
large blobs that are side by side. Each of the two blobs may have approximately the same
location on the Y-axis for the centroid, along with approximately the same height. In
addition, the blob analysis may recognize that one blob (the “17) is narrow whereas the other
blob (the “0”) is wide. The 10 rank may also be useful as a basis in defining the
measurements for the rank area 508 because the 10 rank symbol is usually the largest of the
various rank symbols for many deck types.

[0091] Identifying a blob as the suit may be determined by locating the relatively

large blob near the 10 rank as the suit. In other words, once the blob’s location and
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measurements have been determined for the rank, the location and measurements of the suit
may be based on the blob identified as the rank. For example, the suit may also be expected
to be the blob located below the rank (in the Y direction), which is the case for most deck
types.

[0092] In some embodiments, the main control system 412 may determine the
location and measurements of the suit symbol prior to the rank symbol. As a result, once the
blob’s location and measurements have been determined for the suit, the location and
measurements of the rank may be based on the blob identified as the suit. For example, the
rank may also be expected to be the blob located above the suit (in the Y direction), which is
the case for most deck types.

[0093] As another example, the rank and/or suit symbol may be identified by
comparing portions of the raw image 417 against a generic file describing rank and/or suit
curvatures, being immune to scale or rotation, for portions of the raw image 417 that are
closest to the corner of the card 506.

[0094] At operation 660, the rank area 508 and the suit area 510 may be defined.
For example, once the blobs are identified for the rank and suit of the card in the raw images
417, the results from the blob analysis, the locations and measurements (e.g., in pixels) may
be further analyzed to define the rank area 508 and the suit area 510 as well as other related
parameters that will be part of the calibration file 433. The rank area 508 and the suit area
510 are areas that are defined based on the location and measurements of the respective ranks
and suits for the specific deck type. In other words, there may be one rank area 508 that is
defined to be large enough that all ranks from all raw images 417 fit within the rank area 508.
Similarly, there may be one suit area 510 that is defined to be large enough that all suits from
all raw images 417 of the deck type fit within the suit area 510.

[0095] In some embodiments, the main control system 412 may define the rank area
508 to be based on the measurements and location of the 10 rank because the 10 rank is often
the largest rank symbol for most decks. In some embodiments, the main control system 412
may analyze the measurements for the ranks from all raw images 417. In other words, the
largest blob identified as a rank may be used as the basis of the rank area 508. Similarly, in
some embodiments, the main control system 412 may analyze the measurements for the suits
from all raw images 417. The largest blob identified as a suit may be used as the basis of the
suit area 510. In other words, the final parameters for the rank area 508 and the suit area 510

that are stored in the calibration file 433 may be determined by taking the maximum
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measurements of the rank symbol and suit symbol, and then expanding the values slightly to
allow for some white space around the ranks and suits. Expanding the maximum value of the
ranks and suits in this manner may allow for slight variations in print size, as well as for
rotation of cards that may exist when reading in the cards.

[0096] At operation 670, a region of interest 504 may be defined. The region of
interest 504 should be large enough to completely contain each rank and suit symbol of each
card of the specific deck type with some additional area added to account for variability in the
acquired signal and variability in card position. Thus, the region of interest 504 may be
defined by measuring a size (e.g., in pixels) and location of each rank area 508 and suit area
510 defined by the system, and identifying an area in which every rank area 508 and suit area
510 appears during the training and calibration phase. Because there may exist some
variation in the location of the rank and suit symbols throughout the deck, the rank area 508
and suit area 510 for the entire deck may be analyzed to determine a minimum number of
pixels (in both X and Y directions) to consider to ensure that the rank and suit symbols fall
within the region of interest 504. In some embodiments, the minimum number of pixels may
be used, whereas in other embodiments the region of interest 504 may include excess pixels
to allow for variations (e.g., card orientation) during actual use.

[0097] In some embodiments, the region of interest 504 may be defined by adding a
fixed dimension in the X-direction from the right side of the image, while the dimension in
the Y-direction may be determined by defining the furthest location from the top of the card
506 in the Y-direction to the bottom of the suit symbol. Because the rank and suit symbols
may vary in location, the furthest location may be determined after analyzing the locations of
all suits from the image processing analysis. The final dimensions of the region of interest
504 may include some padding on these measurements in each direction to compensate for
slight variations in card orientation during use. Other methods for defining the boundaries
for the region of interest 504 are also contemplated such that the region of interest 504 has a
suitable size and location to ensure that rank and suit symbols within the deck will be within
the defined region of interest 504 even if the locations of the rank and suit symbols may vary
somewhat.

[0098] At operation 680, the calibration file 433 may be automatically generated
and the parameters may be stored therein. The calibration file 433 may include, among other
information, this measurement data, which can be subsequently used by the card processing

system 400 in the calibration mode to generate master images 413, 415, or during the card
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recognition mode to identify unknown cards of that particular deck type, as discussed in more
detail below.

[0099] The parameters stored in the automatically generated calibration file 433
may include measurements for the rank area 508 (rank height and rank width) and the suit
area 510 (suit height and suit width), and the measurements and coordinates for the region of
interest 504, as well as additional parameters previously discussed with respect to FIG. 5.
The calibration file 433 may be stored in memory 432 within the main control system 412.
Storing the calibration file 433 in memory 432 of the main control system 412 may include
storing the calibration file 433 in a subdirectory for the particular deck or deck type that is
used to tune the card processing system 400. The calibration file 433 may further include
other parameters that may be used by the card recognition processor 414 in generating master

images, cropping unknown images, or for other reasons as discussed above.

Calibration Mode in Operation: Automatic Generation of Master Images

[00100] FIG. 7 is a flowchart 700 illustrating a method for generating master images
according to an embodiment of the present disclosure. The method of FIG. 7 is described
with reference to the card processing system 400 of FIG. 4 and the raw image 417 of FIG. 5.
The calibration mode may be employed to tune the card processing system 400 for use with a
particular deck of cards. Using the calibration file 433, the card recognition processor 414
(or, alternatively, the processor 430 of the main control system 412) may process the raw
images 417 stored in the memory device 418 to generate the master images 413, 415 for that
specific deck type to be used in the card recognition mode of the card processing system 400.

[00101] For the flowchart 700, it is presumed that a calibration file 433 has already
been created, such as by the method of FIG. 6, or other methods described herein. For
example, the calibration file 433 may be automatically created using image processing
methods to locate rank and suit symbols in the raw images 417 and determine parameters
(e.g., rank area 508, suit area 510, region of interest 504, etc.) regarding measurements of the
rank and suit symbols. These parameters, along with other parameters discussed above, may
be included with the calibration file 433 that may be stored in the deck library 434 of the file
system 431 maintained by the main control system 412.

[00102] At operation 710, the raw images 417 may be loaded into the main control
system 412 and/or the card recognition processor 414. If the raw images 417 are already

stored in the memory device 418, the raw images 417 may be retrieved from the memory
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device 418. Thus, the raw images 417 used to generate the master images 413, 415 may be
the same raw images 417 that were used in the analysis for automatically generating the
calibration file 433. If the raw images 417 are not stored in the memory device 418, a deck
of the same deck type may be read by the card processing system 400 so that new raw images
417 may be generated and loaded.

[00103] At operation 720, the raw images 417 may be converted to the master
images 413, 415. For example, the card recognition processor 414 may convert the raw
images 417 to the master images 413, 415. In particular, the card recognition processor 414
may receive and crop the raw images 417 according to the parameters previously stored in
the calibration file 433 to automatically generate a master rank image 413 and the master suit
image 415 for the card 506.

[00104] For example, FIGS. 8A through 8C illustrate a process of generating the
master rank image 413 and the master suit image 415 from the raw image 417 according to
the parameters stored in the calibration file 433. As shown in FIG. 8A, the first cropping of
the raw image 417 may be to limit a processed image 800 of the card 506 (seven of diamonds
shown in FIG. 8A) to have an area that is determined by the region of interest 704 stored in
the calibration file 433. The processed image 800 shown in FIG. 8A may have been
generated from the raw image 417. For example, the processed image 800 may be a black
and white image, whereas the original raw image 417 may have been a grayscale image or a
color image.

[00105] As shown in FIGS. 8B and 8C, the secondary cropping includes cropping
the processed image 800 of FIG. 8A to generate the master images 413, 415. For example,
the master rank image 413 may be the result of cropping the processed image 800 according
to the parameters of the calibration file 433 that correspond to the rank area 508. The master
suit image 415 may be the result of cropping the processed image 800 according to the
parameters of the calibration file 433 that correspond to the suit area 510. In other words, the
card recognition processor 414 may crop the raw images 417 according to stored region of
interest 504, rank area 508, suit area 510 to generate separate master images 413, 415 for the
rank and the suit of the card. The other parameters (e.g., offset values) stored in the
calibration file 433 may assist in locating the rank and suits so that the application of the rank
area 508 and suit area 510 parameters may result in master images 413, 415 that contain the
entirety of the rank and suit, along with the desired alignment. Although FIGS. §B and 8C

show the rank and suit to be shifted to the left and upper edges of the rank area 508 and the
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suit area 510, there may be some padding (i.e., white space) on each edge. In order to
maintain a consistent location of the rank and suit in the master images 413, 415, the rank and
suit may be shifted toward one of the corners as shown.

[00106] In some embodiments, a single master image may be generated for each card
that includes both the rank and the suit (essentially the region of interest 504). Doing so,
however, may require 52 master images (one for each card) rather than having as few as 17
master images (one for each rank and one for each suit), which may change the processing
time during the card recognition mode.

[00107] Referring again to FIG. 7, at operation 730, the master images 413, 415 may
be stored in the appropriate deck library 434 together with the corresponding calibration file
433, deck name file 435, and other related files. The master images 413, 415 may be stored
as image files (e.g., bitmap files) in the deck library 434 of the file system 431 of the main
control system 412. The master images 413, 415 may further be loaded into the memory of
the card recognition processor 414 for comparison with the unknown images 411 during card
recognition mode. The master images 413, 415 may be separate files stored in the same
subdirectory of the file system as the calibration file 433 (e.g., a text file). In some
embodiments, the calibration file 433 may be combined in a file with the master images 413,
415 such that a single file may include image data and the calibration parameters.

[00108] In a standard deck of cards, 18 master images 413, 415 may be stored: one
master rank image 413 for each rank (2-10, J, Q, K, A) and one master suit image 415 for
each suit (Heart, Diamond, Club, Spade), as well as a master image for a joker. The master
image for a joker may be stored as a rank. Other symbols may also be printed on the face of
some of the cards. For example, a “Wagner” symbol is a special symbol printed on some of
the cards for a deck that is used in certain card games in order to assist in game play. For
example, a Wagner symbol is typically useful during blackjack by being printed on the face
of each card having a value of ten (i.e., each 10 rank, Jack rank, Queen rank, King rank) and
eleven (i.e., each Ace rank) to assist with the determination that the dealer has a “21.” The
Wagner symbol is often a polygon shape that is located between the rank and the top of the
card. A master image for a Wagner symbol may be created and stored, while in some
embodiments the Wagner symbol may simply be ignored by the main control system 412.
Other special symbols may also be treated similarly.

[00109] At operation 740, the master images 413, 415 may be linked with the correct

rank and suit such that the card processing system 400 may know which master image 413,
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415 corresponds to the correct rank and suit. When the link between the master images 413,
415 and the correct rank and suit are established, the link may be known by the card
processing system 400, such as by creating a list in the calibration file 433, by storing the
information in another file in the deck library 434, or by some other suitable method. The
files for the master images 413, 415 may be named (or re-named) to have an identifier (e.g.,
name, number, etc.) that indicates what the rank or suit is for each master image 413, 415.

[00110] In some embodiments, the order of each card in the deck may be known
when master images 413, 415 are generated because deck may be pre-sorted when the raw
images 417 are captured. As a result, each master image 413, 415 may be linked to the
correct rank or suit based on the expected order of the pre-sorted deck as the raw images 417
were saved in the memory device 418. Such an embodiment, however, may rely on the card
manufacturer or technician (or dealer, pit boss, etc.) who inserts the deck into the card
handling device to insert a pre-sorted deck. Inserting an unsorted deck into such an
embodiment may result in improper links being established between the master images 413,
415 and incorrect ranks and suits.

[00111] In other embodiments, the deck may not be required to be in any particular
order when generating the master images 413, 415. The card processing system 400 may be
configured to make the proper links between the master images 413, 415 and the correct
ranks and suits even with an unsorted deck. The main control system 412 may perform
additional image processing on the master images 413, 415 in order to determine which rank
or suit should be linked to each master image 413, 415. Of course, at this point the master
images 413, 415 are not linked to any particular rank or suit, and the actual identity of the
master image 413, 415 may not yet be known to the main control system 412.

[00112] As discussed above, there may be a plurality of combined deck sub-
directories 440 (FIG. 4) that include a plurality of normalized images for a corresponding
rank and suit from a plurality of different deck types. While tuning the master images 413,
415 for a particular deck, the identity may be determined by comparing normalized versions
of the master images 413°, 415" with the normalized images Dj, D,, ... Dy stored in the
combined deck sub-directories 440.

[00113] FIGS. 8D and 8E show an example of how the master images 413, 415 may
be normalized to form normalized master images 4137, 415°. Referring to FIG. 8D, the 7
rank may be normalized by cropping the master rank image 413 so that there is at least one

black pixel from the 7 rank along the outer border of the cropped image (represented by box
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802). The cropped rank image may be expanded to a common image size (e.g., rank area
508) as indicated by the arrows shown in FIG. 8D. The other master rank images 413 may be
normalized in a similar manner. Referring to FIG. 8E, the diamond suit may be normalized
by cropping the master suit image 415 so that there is at least one black pixel from the
diamond suit along the outer border of the cropped image (represented by box 804). The
cropped rank image may be expanded to a common image size (e.g., suit area 510) as
indicated by the arrows shown in FIG. 8E. The other master suit images 415 may be
normalized in a similar manner. The normalized master rank and suit images 4137, 415" may
appear to be somewhat “bloated” in comparison to the master rank and suit images 413, 415.
It should be understood that the normalized images D, D,, ... Dy of the combined deck sub-
directories 440 may be normalized in a similar manner having a common image size as the
normalized master rank and suit images 4137, 415"

[00114] To link the master images 413, 415 to the appropriate rank and suit during
tuning, the normalized master images 4137, 415” may be compared with the normalized
images Dj, D», ... Dy of the combined deck sub-directories 440. The comparison of the
normalized master images 413, 415 with the normalized images Dy, D», ... Dy of the
combined deck sub-directories 440 may be performed by a pixel to pixel comparison (e.g., X-
OR comparison) to arrive at a score that is used to determine whether a match occurs. For
example, referring again to FIG. 4, an unknown normalized master rank image 413" may be
compared to the normalized images Dy, D, ... Dy of a first combined deck sub-directory 440
(e.g., all 2 ranks stored therein) to produce a first score. The first score may be a combined
score for all 2 ranks of the sub-directory 440 or a plurality of individual scores for each
normalized images Dy, D,, ... Dy, The unknown normalized master rank image 413" may
then be compared with the normalized images Dy, D, ... Dy for each of the remaining
combined deck sub-directories 440 (e.g., as a loop) to produce the scores for each of them.
The highest score produced may indicate the identity of the unknown normalized master rank
image 413°. An unknown master suit image 415" may likewise be compared with the
appropriate combined deck sub-directories 440 to produce a score that indicates the identity
of the master suit image 415°.

[00115] The comparisons may include a pixel by pixel comparison (e.g., X-OR) for
each of the normalized images. In some embodiments, the comparison may further include a
comparison of a pixel as well as its neighboring pixels to count in the score. For example,

pixels that are not located on the edges of the image have eight bordering pixels. A valid
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count may be added to the score if the bordering pixels are also the same as the middle pixel
being used in the comparison.

[00116] In some embodiments using normalized images, the spades and clubs may
appear somewhat similar such that false identifications may occur. In some embodiments,
the normalized images Dy, D, ... Dy of the combined deck sub-directories 440 may be
altered somewhat to further distinguish the two types of suits. For example, the normalized
images Dj, D», ... Dy of the combined deck sub-directories 440 that correspond to the clubs
may have a circle (or other shape) drawn within each of the leaves. During tuning, the
unknown master suit images 415 that correspond to clubs may be identified in an alternative
method, such as counting pixels across a different path (e.g., a 45 degree line from the middle
left side of the image to the middle top side of the image) that will identify the different
shapes of the club versus the spade.

[00117] In some embodiments, the master images 413, 415 may be compared with
each other to determine secondary relationships between master images 413, 415 and identify
the correct rank and suit for each master image 413, 415. The method of comparison
includes determining a score, which may be represented by a number (or percentage) of
matched pixels or a number (or percentage) of unmatched pixels. In some embodiments, the
method of comparing may include comparing a shape of an edge of a symbol, or other
methods of comparison. By comparing master images 413, 415, the correct rank and suit for
each master images 413, 415 determined indirectly from other its relationship with other
master images 413, 415. For example, the master images 413, 415 may be compared with
each other to obtain a score. The score may be an indication of how similar or dissimilar
each master image 413, 415 is to each other.

[00118] As an example, a first master rank image 413 is compared with a second
master rank image 413, the first master rank image 413 is then compared with a third master
rank image 413, the first master image rank image 413 is then compared with a fourth master
rank image 413, and so on. As a result, a comparison for each permutation of all master rank
images 413, and a score may be recorded for each individual permutation among the group of
master rank images 413. A similar comparison may be performed to obtain a score for a
comparison of each permutation of the master suit images 415.

[00119] Of course, the scores for comparisons of different master images 413, 415
would be dissimilar and the resulting score would be relatively dissimilar. However, the

score resulting from a comparison of the A rank and the J rank may be more similar to each
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other than the score resulting from a comparison of the A rank and the 5 rank. In fact, each
rank may have a different rank that, when compared, yields a closest secondary match

relative to its comparison with the other ranks. For example, for some decks, the following
table may represent the next best match for various ranks. The score represented in Table 1

below is a percentage of pixel matching as described in further detail below.

Table 1
Rank Next Best Match Rank | Score (%)

A J 20
2 4 20
3 5 15
4 J 17
5 6 9

6 5 12
7 4 19
8 6 17
9 J 20
10 Q 18
J 4 17
Q 4 17
K J 19

[00120] The “next best match rank” shown in Table 1 is to be understood as an
example for one style of card deck. Similarly, the scores shown in Table 1 may be
approximates. Of course, as decks may vary from one design to the next, the next best match
and the score may also differ from one deck to the next. In addition, the analysis regarding
the secondary comparisons of master images 413, 415 may also consider the expected
matches beyond the next best match. In other words, the accuracy may be improved if the
third best match, the fourth best match, etc. may be considered.

[00121] In some embodiments, a specific master image 413, 415 may be used as a
baseline master image to determine the links for the other master images. For example, the

blob analysis may be used to identify a 10 rank by searching for the unique characteristics of
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the 10 rank as discussed above. The master rank image 413 for the 10 rank may then be used
to compare with the unknown master rank images 413. In other words, the 10 rank is
compared with an unknown master rank image 413 to obtain a first score, the 10 rank is
compared with another unknown master rank images 413 to obtain a second score, and so on.
Each rank may have a score that is different with respect to a comparison with the 10 rank.
These different scores may correspond to a rank based on the expected relative match to the
10 rank. The highest score resulting from using the 10 rank as a baseline master rank image
413 may be linked to the Queen rank (the closest next best match in this example). Once the
Queen rank has been identified, its master rank image 413 may be compared to the other
master rank images 413, from which the four rank may be identified as the highest score that
resulted from the comparisons with the Queen rank. Analyzing these secondary relationships
in view of expected secondary relationships may result in the various master images 413, 415
being linked to the correct ranks and suits.

[00122] Other ranks may be used as the baseline master rank image 413. In some
embodiments, the deck may be required to be only partially sorted, such as requiring the
technician to have a specific card as the first card read from the deck. For example, the
Queen of Hearts may be required to be the first card read from the deck. The master images
413, 415 for the Queen rank and the Hearts suit may then be used as the baseline master rank
image 413 similar to the process described above for using the 10 rank.

[00123] In other embodiments, secondary analysis may be used to determine the
identity of the suit for the master suit image 415, such as analyzing the curvature of the suit
shapes or from comparisons of the other master suit images 415 to determine the identity
from secondary relationships of non-matching master images. Such secondary analysis may
be beneficial for situations when the deck may not be sorted in any particular order. Such
secondary analysis may also be performed for other reasons, such as to verify the order of a
sorted deck (e.g., the system may still require a sorted deck, but these secondary relationships
may provide a way to alert the operator that the deck was not sorted properly), verify a
correct deck (e.g., 52 unique cards exist), and verify quality of the total scan (e.g., identify
dirty cards). For example, even in the situation of having a pre-sorted deck, secondary
verification may be desired to determine whether the tuning process was correct. One
example may include comparing master images 413, 415 with each other to determine
secondary relationships. For example, such secondary relationships may identify incorrect

relationships because a card that was out of order. Another secondary verification for a pre-
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sorted deck may be a simple check to see if the 10 ranks are in the correct location rather than
verifying each and every card. Another secondary verification may be to display the master
image and what the card recognition system determined the identification to be. The operator
may be allowed to select whether the identification is correct and to make any changes if
incorrect.

[00124] Once the master images 413, 415 have been created and properly linked with
the correct ranks and suits, the card processing system 400 may be said to be “calibrated” or
“tuned” as to the particular deck type.

[00125] In some embodiments, only a selected portion of the raw images 417 may be
fed back from the memory device 418 into the card recognition processor 414 for generating
the master images 413, 415. In some embodiments, only one image for each rank from one
of the suits may be used to generate the master rank images 413. For example, the Ace of
Diamonds may be used to obtain the master image linked with the Ace rank, while the other
Ace ranks (e.g., Ace of Spades, Ace of Hearts, Ace of Clubs) may be ignored. The master
rank images 413 for the other ranks may be generated in a similar manner. While generating
the master images 413, 415 for the ranks, certain card images may be selected to generate the
master suit image 415 for each suit as well.

[00126] In other embodiments, each raw image 417 may be used to obtain a master
image 413, 415 for each rank and suit. As a result, a plurality of master images 413, 415 may
be generated for each rank and suit. For example, four separate master rank images 413 may
be created for the Ace rank (i.e., one Ace image from a card for each suit). The main control
system 412 may then analyze each of the master rank images 413 for that rank to determine
which of the master rank images 413 is desired to be used as the ultimate master rank image
413 during the card recognition mode. In other words, the main control system 412 may
choose what it considers “the best” image from among a plurality of images to select the
master image 413, 415 for a particular rank or suit. The best image may be determined by
comparing against each of the other master images 413, 415 to obtain a score that is most
dissimilar to the other master images 413, 415 of a different type so that the separation
between master images 413, 415 is the greatest. For example, each of the master rank images
413 from a single rank (e.g., four different Ace images) may be compared to the master rank
images 413 of the other ranks (e.g., 2-10, J, Q, K). The Ace image (from among all Ace
images) that provides the most dissimilar score when compared with the images from the

other ranks may be Ace image selected for the master rank image 413 for the Ace rank.

35



WO 2014/052041 PCT/US2013/059665

Other factors or determinations may be used for, or contribute to, the determination of which
master image 413, 415 is to be used as the master image 413, 415 for a particular rank or suit.

[00127] In some environments, the main control system 412 may employ OCR
techniques to recognize the identity of the correct rank or suit of the each master image 413,
415 from contours identified in the master images 413, 415 to be linked with the correct rank
and the suit of the master image 413, 415.

[00128] For example, FIGS. 9A, 9B, and 9C are a series of card images 900A, 900B,
and 900C that illustrate a method for generating master images by finding and filling
contours according to another embodiment of the disclosure. A contour is a line that
identifies an edge of a white area within the card image that is not connected to any other
white area within the card image.

[00129] As discussed above, the grayscale image from a raw image 417 may be
converted to a black and white image. In some embodiments (e.g., as is shown in FIGS. 8A-
8C) the card area may be white and the ranks and suits may be black. In some embodiments,
these white and black regions may be inverted, as is the case for the images in FIGS. 9A-9C
and 10A-10B. Referring again to FIG. 9A, contours may be identified by an image
processing analysis program (e.g., OpenCV), such that the white area from the Jack rank and
the diamond suit stands out from the black area for the card background. Other white space
is filled, which may occur in stages, as shown in FIGS. 9B and 9C. The resulting image that
includes both the rank and the suit depicted in white has the remainder of the image depicted
in black, which may provide further contrast and improve subsequent analysis on the master
rank images and master suit images that are generated.

[00130] FIG. 10 and 11 show histogram groups 1000, 1100 that may result from an
OCR analysis of the master suit images and the master rank images generated by the contour
analysis illustrated in FIGS. 9A-9C. OCR may be employed during the tuning mode,
particularly for determining the rank and the suit of the unknown master images when the
cards are not sorted and are not read in any particular order that is expected by the main
control system 412. OCR may employ an artificial neural network machine-learning
algorithm for analyzing the contours of the master images 415, 415.

[00131] The image in the lower left corner of each of the histogram groups 1000,
1100 is the master image 413, 415 that is unknown and to be determined. The image 1001 in
the upper left corner of each of the histogram groups 1000, 1100 is a sum (a numerical count)

of the white pixels along each column of the master image 413, 415 (i.e., a vertical
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histogram). In other words, the white pixels in the first column of pixels of the master image
413, 415 may be counted, with the sum being represented by the number of pixels in the light
region of the first column of the image 1001. The corresponding dark region of the first
column of the image 1001 may represent the sum of black pixels in the first column of pixels
of the master image 413, 415.

[00132] The image 1002 in the lower right corner of each of the histogram groups
1000, 1100 is a sum of the white pixels along each row of the master image 413, 415 (i.e., a
horizontal histogram). In other words, the white pixels in the first row of pixels of the master
image 413, 415 may be counted, with the sum being represented by the number of pixels in
the light region of the first column of the image 1002. The corresponding dark region of the
first row of the image 1002 may represent the sum of black pixels in the first row of pixels of
the master image 413, 415.

[00133] The image 1003 in the upper right corner of each of the histogram groups
1000, 1100 is a low resolution image (e.g., 5x5 pixel) of the master image 413, 415. The
images 1001, 1002, 1003 may be compared with previous OCR results of other normalized
rank and suit images for one or more deck types to determine the correct rank or suit of the

master images 413, 415.

Card Recognition Mode Operation

[00134] FIG. 12 is a flowchart 1200 illustrating a method for determining the identity
of unknown images according to an embodiment of the present disclosure. The method of
FIG. 12 is described with reference to the card processing system 400 of FIG. 4 and the raw
image 417 of FIG. 5. The card recognition mode may be employed to operate the card
processing system 400 that has been tuned to a deck of cards to recognize the identity of
unknown cards as the cards pass through the card handling device. Using the calibration file
433, the card recognition processor 414 (or, alternatively, the processor 430 of the main
control system 412) may process the unknown images 411 to be compared with the master
images 413, 415 for determining a match.

[00135] At operation 1210, the card recognition processor 414 may be initialized by
loading the calibration file 433 and the master images 413, 415 into the card recognition
processor 414 from the appropriate deck library 434 for the deck type being used. The
operator (e.g., dealer) may select the appropriate deck type (corresponding to the deck name

file 435) from an interface of the card handling device. Loading the calibration file 433 may
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include loading the actual file itself, or loading at least some of the information contained
therein.

[00136] At operation 1220, an unknown image 411 may be captured. For example,
the dealer may place the deck into the card handling device for shuffling, for dealing, etc.
Each time a card is moved past the card present sensor 420, the imaging device 416 may
capture an unknown image 411 of the card responsive to the trigger signal from the card
present sensor 420. Unknown images 411 may be captured during game play to verify hands,
at the beginning of game play to verify a deck, etc.

[00137] At operation 1230, the unknown image 411 may be converted from a raw
image to generate unknown rank and suit images. Using the parameters (e.g., the region of
interest 504, rank area 508, suit area 510, etc.) from the calibration file 433, the card
recognition processor 414 may generate an unknown rank image and an unknown suit image
from the unknown image 411. Generating an unknown rank image and an unknown suit
image may mean generating separate files from the unknown image, but also embodiments in
which boundaries for the rank and suit areas are simply defined within the unknown image
411 so that any further comparison is limited to within the defined boundaries. Because the
parameters in the calibration file 433 were also used to generate the master images 413, 415,
the unknown rank image and the master rank images 413 may be the same size (i.e.,
dimensions), and the unknown suit image and the master suit images 415 may be the same
size. When the unknown image 411 is captured, the card recognition processor 414 may also
convert the unknown image 411 from a grayscale image to a black and white image.

[00138] At operation 1240, the unknown image 411 (e.g., the unknown rank and suit
images) may be compared to the master images 413, 415. The comparison may be based on
comparing pixel to pixel of each file to generate a correlation score. The score may be
represented as a number of pixels, a percentage of pixels, or other suitable form. In another
embodiment, each master image may be scanned across a larger unknown image 411 to
determine a plurality of scores that may be used to determine if a match exists. In some
embodiments, contours may be determined and analyzed using an OCR method.

[00139] The card recognition processor 414 may compare the unknown image 411
against the set of master images 413, 415 to determine the identity of the card. For example,
the card recognition processor 414 may compare the unknown rank image (e.g., a separate
image or a defined boundary around the rank) against each of the thirteen master images for

the ranks (2-10, J, Q, K, A). The card recognition processor 414 may also compare the
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unknown suit image (e.g., a separate image or a defined boundary around the suit) against
each of the four master images for the suits (Diamond, Heart, Spade, Club). Based on the
results of these comparisons, the card recognition processor 414 may determine the identity
of the card by selecting the symbols with the highest degree of correlation. The card
recognition processor 414 may perform a plurality of processes that at least partially overlap
in time. As aresult, the unknown image 411 may be compared with a plurality of different
master images 413, 415 at the same time.

[00140] In one embodiment, the comparison may include comparing the unknown
image 411 and the master images 413, 415 pixels by pixel across each row of each image
array. For example, the card recognition processor 414 may perform an inverted XOR
operation of the corresponding pixels of the unknown image 411 and one of the master
images 413, 415. In another embodiment, the comparison may include comparing cross
correlation values of matrices from the master image 413, 415 and the unknown image 411.
Such a cross correlation function may, however, require a larger amount of computational
resources than embodiments that include a more simple summation.

[00141] At operation 1250, a match is determined based on the score. For example,
the result of the inverted XOR operation may be summed to obtain a score (€.g., a numeric
sum). For example, a black pixel (1) compared with a black pixel (1) may add to the score, a
white pixel (0) compared with a white pixel (0) may add to the score, while a black pixel (1)
compared with a white pixel (0) may not add to the score. A larger score may indicate a
greater number of matching pixels. The score may be represented as a raw number of
matching pixels or as a percentage of the total number of pixels of the images. For example,
a score of 100% may be a perfect pixel to pixel match of the unknown image and a master
image. Of course, a perfect match may not be reasonable to expect, and a match may still be
found for a score having a percentage less than 100%. As a result, a minimum threshold may
be set for what the card processing system 400 may consider a match. In some embodiments,
the inverted XOR operation may be implemented as another logic operation. In some
embodiments, like pixels may be added and dissimilar pixels may be not counted, while in
other embodiments, dissimilar pixels may be added and then subtracted from the total number
of pixels to determine the score. In addition, some embodiments may include counting the
number of pixels that do not match and using the lowest score below some threshold for non-

matching pixels.
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[00142] The card processing system 400 may generate either a valid card ID (if a
match is determined) or an indication of an error (if a match is not determined). For example,
the card recognition processor 414 may return a score resulting from the comparison of the
unknown image 411 with each master image 413, 415. To obtain a “match,” the score may
be required to be above a minimum error threshold. In some situations, the scores for more
than one master image may be above the minimum error threshold. The highest score,
however, will be selected as the valid card ID. In other words, the master image 413, 415
used in the comparison that resulted the highest score may be selected as the card ID
(assuming the score is above a minimum error threshold). A deck may also be flagged as
being invalid if a pre-determined (e.g., 6) number of errors (e.g., misread cards) occur during
card recognition. In some embodiments, the score may be based on the dissimilar pixels.
Thus, a match would occur for the lowest score of dissimilarity (0% for a perfect match)
above a maximum error threshold rather than being based on the score of similar pixels.

[00143] In some embodiments, the card handling device may display an image of the
card acquired by the imaging device 416 on a display device of the card handling device.
Such an image displayed on the display device may be viewed by the operator for verification
that the valid card ID is the correct determination, or as a way to see an image of the card that
produced an error indication.

[00144] At operation 1260, it is determined if another card is present to determine its
identity. If so, the unknown image 411 for the new card is captured and the process
continues.

[00145] FIGS. 13A, 13B, and 13C show a processed image 1300A, 1300B, 1300C of
a card 1306A, 1306B, 1306C, in which the imaging device 416 (FIG. 4) had experienced dust
build-up on the lens. Dust may accumulate on the lens with use of the card handling device.
For example, FIG. 13A is an example of dust build-up after a first number cycles, FIG. 13B
is an example of dust build-up after a greater number cycles, and FIG. 13C is an example of
dust build-up after many additional cycles.

[00146] When the imaging device 416 accumulates dust, the raw image 417 may
become a different shade of gray in terms of the grayscale image. The white area may
become a little more gray and the black area may become a little less black. As discussed
above, each pixel in a grayscale image has a value between white and black. When

converting a grayscale image to a black and white image, a threshold value may be used as
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the cutoff point between black and white. As a result, the white area of the processed black
and white image may become smaller as the camera accumulates dust.

[00147] The card recognition processor 414 (FIG. 4) may be configured to correct
for dust build-up. In one embodiment, rather than setting a fixed threshold used to convert a
grayscale image to a black and white image, the threshold value may be dynamically changed
over time to compensate for dust build-up. As an example, the threshold may change to have
different levels over time. The threshold may be used to convert the grayscale image to a
black and white image during the calibration mode. The threshold may be set to a first level
during calibration mode, and to a second level during card recognition mode. As an example,
the dynamic changes (from the first level to the second level) may be performed to
compensate for changes in lighting conditions. It is also contemplated that the dynamic
changes may be based on other conditions. In some embodiments, the number of cycles may
be counted and the threshold may dynamically change with the number of cycles. In some
embodiments, one or more data filters may be employed to further improve the processed
image during conversion from grayscale to a black and white image.

[00148] FIGS. 14A and 14B illustrate a problem of incorrectly splitting an image that
may arise during calibration mode and/or card recognition mode. In particular, incorrectly
splitting an image may often occur when the imaging device 416 (FIG. 4) is not clean or if
the actual card itself has a mark. As a result, a blemish 1401 may appear on an image 1400
that is used to generate master images 413, 415 (in calibration mode) or the unknown images
411 (in card recognition mode) for the card 1406; however, it may be more likely for a card
to have a blemish 1401 during card recognition mode (because of the repeated use of the card
over time).

[00149] The blemish 1401 may be mistaken for either the rank or suit, often because
the card recognition processor 414 may first look for the split between the rank and suit as a
starting point in the analysis. As shown in FIG. 14A, the card recognition processor 414 may
mistake a space between the blemish 1401 and the rank as the split point. As a result, the
card recognition processor 414 may generate the localized image as the master rank image
413 during the calibration mode (or as the unknown rank image during the card recognition
mode) based on the either the rank area 508 in the calibration file. The localized image,
however, does not include the proper portion of the image 900 that includes the entire rank.

[00150] In some embodiments, the card recognition processor 414 may not create the

unknown images 411 based on finding a split between the rank and suit symbols. Rather,
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during the card recognition mode, the card recognition processor 414 may compare the
master images 413, 415 to the entire unknown image 411 rather than first generating a
smaller localized image of just the rank or the suit. In other words, the entire field of view
(or a portion thereof) that includes both the rank and the suit for the unknown image may be
used for comparison with the master images 413, 415. As a result the unknown image 411
may be larger than the master images 413, 415. In such an embodiment, the card recognition
processor 414 may perform a plurality of comparisons of each master image 413, 415 and the
unknown image 411 by scanning the master image 413, 415 across the unknown in an
overlapping manner. For example, the master image 413, 415 may begin this comparison in
the top left corner of the unknown image 411 and scan across pixel by pixel to the top right
corner. The master image 413, 415 may then be moved down a row of pixels moving along
the pixels of that row, and so on. If at some point during this scanning, a score results in a
match, the card may be identified.

[00151] FIGS. 15A, 15B illustrate an issue that may arise when capturing an image
using uneven illumination and fisheye distortion. FIG. 15A is a raw image 1500A using a
grid for illustration. FIG. 15B is a processed image 1500B showing the grid after conversion
from grayscale to black and white. As shown in FIG. 15A and 15B, uneven lighting may
cause some portions of the raw image 1500A to appear dark when they are actually white.
As aresult, recognition may not be as accurate due to a lower score when comparing images,
or for more serious problems such as incorrect splitting (FIGS. 14A, 14B).

[00152] Uneven illumination may be corrected in a similar manner to the correction
for dust build-up on the imaging device 416 (FIG. 4). For example, the card recognition
processor 414 may be configured to dynamically change the threshold value used in the
conversion from the grayscale image to the black and white image. The dynamic change may
be responsive to a number of cycles of the imaging device 416, a light sensor detecting
illumination changes, or other changes in the environment. In some embodiments, one or
more data filters may be employed to further improve the processed image 1500B during
conversion from grayscale to a black and white image.

[00153] FIGS. 16A, 16B, 16C are raw images 1600A, 1600B, 1600C from the
imaging device 416 (FIG. 4) of a card handling device showing fish eye distortion caused by
the imaging device 416. In some embodiments, short distances between the lens and the card
caused by very small spaces within the card handling device and proximity of the imaging

device 416 to the card may require a fisheye lens to be used with the imaging device 416.
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The fisheye lens may provide a wide field of view for the imaging device 416 that is
sufficient to view the rank and suit for different types of cards. For example, some decks
may have relatively large ranks and suits that take up a large area of the corner of the card. In
addition, the location of the rank and suit may vary from one deck to another.

[00154] The fisheye lens may introduce fisheye distortion in the raw images 1600A,
1600B, 1600C taken by the imaging device 416. For example, FIG. 11A shows a raw image
1600A of a grid in which the squares of the grid are equal sizes. However, as shown in FIG.
16A, the fisheye distortion causes the squares of the grid to appear to be different sizes
throughout the raw image 1600A. Near the center of the raw image 1600A, the fisheye
distortion may not be as pronounced; however, near the edges and corners of the raw image
1600A, the fisheye distortion becomes more pronounced.

[00155] FIGS. 16B and 16C are raw images 1600B, 1600C taken with the imaging
device 416 with a lens having fisheye distortion. When comparing the diamond suits in FIG.
16B and 16C, it can be seen that the shapes of the diamond suits vary because of the different
placement of the diamond suits within the field of view of the imaging device 416. For
example, the diamond suit in FIG. 11B is smaller than the diamond suit in FIG. 11C because
it is located further from the center of the field of view. In addition, the Ace (A) rank in FIG.
11B is mostly centered within the field of view. The King (K) rank in FIG. 16C, however, is
off-center and is smaller near the top of the rank compared with the bottom of the rank. As a
result, the more distortion experienced by the ranks and suits in an image, the greater the
effect the distortion may have for the score from the comparison with the master images 413,
415 for the ranks and suits when determining the card ID. In some situations, fisheye
distortion has caused a misidentification of the card ID (e.g., the suit is identified as a spade
when the suit was really a diamond).

[00156] The card processing system 400 (FIG. 4) may be configured to correct for
such fisheye distortion. In other words, the fisheye distortion may be reduced, such as by
stretching the distorted image. In some embodiments, the image pixels may be translated
from the raw image 1600A, 1600B, 1600C to a corrected raw image according to a correction
table (i.e., look-up table). In some embodiments, the image pixels may be mathematically
translated from the raw image to a corrected raw image.

[00157] FIGS. 17A, 17B, 17C are images 1700A, 1700B, 1700C for which the
fisheye distortion has been reduced through mathematical stretching of the distorted image.

As shown in FIG. 17A, the grid (which was distorted in FIG. 16A) has squares that are now
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substantially the same size. In FIG. 17B, the diamond suit (which was distorted in FIG. 16B)
is now substantially symmetrical even though the diamond suit is off-center and proximate
the edge of the image. In FIG. 17C, each of the King rank (K) and the diamond suit (which
were distorted in FIG. 16C) are no longer distorted.

[00158] Additional embodiments include:

[00159] Embodiment 1. A method of automatically generating a calibration file for a
card handling device, the method comprising: capturing a raw image from at least a portion
of a card passing through a card handling device; and using a processor, automatically
generating a calibration file stored in memory of a main control system linked with the card
handling device, wherein automatically generating the calibration file comprises: identifying
at least one parameter associated with a rank area around a rank of the at least a portion of the
card; identifying at least one parameter associated with a suit area around a suit of the at least
a portion of the card; and storing the at least one parameter associated with the rank area and
the at least one parameter associated with the suit area in the calibration file.

[00160] Embodiment 2. The method of Embodiment 1, wherein automatically
generating the calibration file comprises identifying a location and at least one parameter
associated with a region of interest that is relatively larger than the rank area and the suit area,
the method further comprising storing the location and the at least one parameter associated
with the region of interest in the calibration file.

[00161] Embodiment 3. The method of Embodiment 1 or Embodiment 2, wherein
capturing a raw image includes capturing a plurality of raw images from a plurality of
different cards passing through the card handling device.

[00162] Embodiment 4. The method of Embodiment 3, wherein identifying at least
one parameter associated with the rank area includes: identifying a at least one parameter
associated with a plurality of rank areas from the plurality of different cards; and selecting the
at least one parameter associated with the rank area to include a rank width parameter having
a number of pixels representative of a width that is a widest dimension from the plurality of
rank areas, and to include a rank depth parameter having a number of pixels representative of
a depth that is a longest dimension from the plurality of rank areas.

[00163] Embodiment 5. The method of Embodiment 3, wherein identifying at least
one parameter associated with the suit area includes: identifying at least one parameter
associated with a plurality of suit areas from the plurality of different cards; and selecting at

least one parameter associated with the rank area to include a suit width parameter having a
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number of pixels representative of a width that is a widest dimension from the plurality of
suit areas, and to include a suit depth parameter having a number of pixels representative of a
depth that is a longest dimension from the plurality of suit areas.

[00164] Embodiment 6. The method of any of Embodiments 1 through 5, further
comprising storing the calibration file in a file system of an operating system running on the
processor.

[00165] Embodiment 7. A method of automatically generating one or more deck
libraries for one or more decks of cards, the method comprising: using a processor to
automatically generate a first calibration file without user input in identifying at least one
parameter associated with a rank area and at least one parameter associated with a suit area
for a first deck type of cards, the calibration file including the parameters associated with the
rank area and the suit area; storing the first calibration file in a first deck library for the first
deck type; using the processor to automatically generate a plurality of master images for the
cards of the first deck type using the parameters from the calibration file; and storing the
plurality of master images for the cards of the first deck type in the first deck library.

[00166] Embodiment 8. The method of Embodiment 7, further comprising: using the
processor to automatically generate a second calibration file for a second deck type of cards;
storing the second calibration file in a second deck library for the second deck type; using the
processor to automatically generate a second plurality of master images for the cards of the
second deck type using the parameters from the second calibration file; and storing the
second plurality of master images for the cards of the second deck type in the deck library.

[00167] Embodiment 9. The method of Embodiment 7 or Embodiment 8, further
comprising linking each master image of the plurality of master images with an appropriate
rank or suit.

[00168] Embodiment 10. The method of Embodiment 9, wherein linking each
master image of the plurality of master images includes linking each master image according
to an expected order that the cards were read into a card handling device.

[00169] Embodiment 11. The method of Embodiment 9, wherein linking each
master image of the plurality of master images includes linking each master image from a
deck that is unsorted.

[00170] Embodiment 12. The method of Embodiment 11, wherein linking each
master image of the plurality of master images includes performing optical character

recognition to each master image.
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[00171] Embodiment 13. The method of Embodiment 11, wherein linking each
master image of the plurality of master images includes comparing each master image of the
plurality of master images with a set of images from a plurality of different deck types.

[00172] Embodiment 14. The method of Embodiment 11, wherein linking each
master image of the plurality of master images includes comparing a normalized version of
each master image of the plurality of master images with a set of normalized images from a
plurality of different deck types.

[00173] Embodiment 15. The method of Embodiment 14, wherein comparing a
normalized version of each master image of the plurality of master images with a set of
normalized images from a plurality of different deck types includes performing a pixel by
pixel comparison.

[00174] Embodiment 16. The method of Embodiment 15, wherein performing a
pixel by pixel comparison further includes comparing a middle pixel with at least one
additional neighboring pixel.

[00175] Embodiment 17. The method of any of Embodiments 7 through 16, wherein
identifying at least one parameter associated with a rank area and at least one parameter
associated with a suit area for a first deck type of cards includes performing a blob analysis to
locate a rank and a suit for a card of the first deck type within a region of interest.

[00176] Embodiment 18. The method of Embodiment 17, wherein performing a
blob analysis includes first locating a 10 rank to determine a width for the at least one
parameter associated with the rank area.

[00177] Embodiment 19. A card processing apparatus, comprising: a memory
device; an imaging device operably coupled with the memory device, such that raw images
from the imaging device are stored in the memory device; and a main control system coupled
with the imaging device, wherein the main control system is configured to run an operating
system having a file directory system configured to store a plurality of deck libraries for a
plurality of different deck types, wherein the main control system is configured to receive the
raw images from the memory device, automatically generate a calibration file having
parameters related to a rank area and a suit area for a deck type.

[00178] Embodiment 20. The card processing apparatus of Embodiment 19,
including a card shuffler housing the memory device, the imaging device, and the main

control system.
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[00179] Embodiment 21. The card processing apparatus of Embodiment 19 or
Embodiment 21, wherein the main control system is further configured to automatically
generate a plurality of master images from the raw images according to the parameters of the
calibration file.

[00180] Embodiment 22. The card processing apparatus of Embodiment 21, further
comprising card recognition processor configured to load the plurality master images and the
calibration file from the main control system, and compare an unknown image from the
imaging device with the plurality of master images.

[00181] Embodiment 23. The card processing apparatus of Embodiment 22 wherein
the card recognition processor is configured to compare the unknown image with the plurality
of master images by comparing the unknown image with each master image pixel by pixel
and sum the result of the comparing.

[00182] Embodiment 24. The card processing apparatus of Embodiment 22, wherein
the card recognition processor includes a field-programmable gate array.

[00183] Embodiment 25. The card processing apparatus of any of Embodiments 21
through 24, wherein the main control system is configured to link the plurality of master
images from an unsorted deck of cards with an appropriate rank and suit.

[00184] Embodiment 26. The card processing apparatus of Embodiment 25, wherein
the main control system is configured to link the plurality of master images from an unsorted
deck of cards with an appropriate rank and suit by: generating a normalized version of each
master image of the plurality of master images; and comparing the normalized version of
each master image of the plurality of master images with a plurality of normalized images
corresponding to a plurality of different deck types.

[00185] While certain illustrative embodiments have been described in connection
with the figures, those of ordinary skill in the art will recognize and appreciate that
embodiments of the disclosure are not limited to those embodiments explicitly shown and
described herein. Rather, many additions, deletions, and modifications to the embodiments
described herein may be made without departing from the scope of embodiments of the
disclosure as hereinafter claimed, including legal equivalents. In addition, features from one
embodiment may be combined with features of another embodiment while still being

encompassed within the scope of the disclosure as contemplated by the inventor.
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CLAIMS

What is claimed is:

1. A method of automatically generating a calibration file for a card handling device,
the method comprising:
capturing, with an imaging device of the card handling device, a raw image from at least a
portion of a card passing through the card handling device from an input tray to an output
tray of the card handling device; and
using a processor of the card handling device, automatically generating and storing a calibration
file in memory of a main control system of the card handling device without user input,
the calibration file being unique to the card handling device for a specific deck that
includes the card such that the card handling device is trained for the specific deck during
a subsequent card recognition mode, wherein automatically generating the calibration file
comprises:
identifying at least one parameter associated with a rank area around a rank of the at least
a portion of the card;
identifying at least one parameter associated with a suit area around a suit of the at least a
portion of the card; and
storing the at least one parameter associated with the rank area and the at least one

parameter associated with the suit area in the calibration file.

2. The method of claim 1, wherein automatically generating and storing the
calibration file comprises identifying a location and at least one parameter associated with a
region of interest that is relatively larger than the rank area and the suit area, the method further
comprising storing the location and the at least one parameter associated with the region of

interest in the calibration file.

3. The method of claim 1, wherein capturing a raw image includes capturing a
plurality of raw images from a plurality of different cards passing through the card handling

device.
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4. The method of claim 1, wherein storing the calibration file in a file system of an

operating system running on the processor.

S. The method of claim 3, wherein identifying at least one parameter associated with

the rank area includes:

identifying at least one parameter associated with a plurality of rank areas from the plurality of
different cards; and

selecting the at least one parameter associated with the rank area to include a rank width
parameter having a number of pixels representative of a width that is a widest dimension
from the plurality of rank areas, and to include a rank depth parameter having a number
of pixels representative of a depth that is a longest dimension from the plurality of rank

areas.

6. The method of claim 3, wherein identifying at least one parameter associated with

the suit area includes:

identifying at least one parameter associated with a plurality of suit areas from the plurality of
different cards; and

selecting at least one parameter associated with the rank area to include a suit width parameter
having a number of pixels representative of a width that is a widest dimension from the
plurality of suit areas, and to include a suit depth parameter having a number of pixels

representative of a depth that is a longest dimension from the plurality of suit areas.
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7. A method of automatically generating one or more deck libraries for one or more

decks of cards, the method comprising:

using an imaging device of a card handling device to capture raw images of playing cards
passing through the card handling device from an input tray to an output tray;

using a processor of the card handling device to automatically generate a first calibration file
without user input in identifying at least one parameter associated with a rank area and at
least one parameter associated with a suit area from the raw images for a first deck type
of cards, the calibration file including the parameters associated with the rank area and
the suit area;

storing, in memory of the card handling device, the first calibration file in a first deck library for
the first deck type;

using the processor to automatically generate a plurality of master images for the cards of the
first deck type using the parameters from the calibration file; and

storing, in memory, the plurality of master images for the cards of the first deck type in the first
deck library such that the card handling device is trained to the first deck type for a

subsequent card recognition mode.

8. The method of claim 7, further comprising:

using the processor to automatically generate a second calibration file for a second deck type of
cards;

storing, in memory, the second calibration file in a second deck library for the second deck type;

using the processor to automatically generate a second plurality of master images for the cards of
the second deck type using the parameters from the second calibration file; and

storing, in memory, the second plurality of master images for the cards of the second deck type
in the deck library such that the card handling device is trained to the second deck type

for a subsequent card recognition mode.

9. The method of claim 7, wherein identifying at least one parameter associated with

arank area and at least one parameter associated with a suit area for a first deck type of cards
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includes performing a blob analysis to locate a rank and a suit for a card of the first deck type

within a region of interest.

10. The method of claim 9, wherein performing a blob analysis includes first locating

the 10 rank to determine a width for the at least one parameter associated with the rank area.

11. The method of claim 7, further comprising automatically linking, using the

processor, each master image of the plurality of master images with an appropriate rank or suit.

12. The method of claim 11, wherein linking each master image of the plurality of
master images includes linking each master image according to an expected order that the cards

were read into a card handling device.

13. The method of claim 11, wherein linking each master image of the plurality of

master images includes linking each master image from a deck that is unsorted.

14. The method of claim 13, wherein linking each master image of the plurality of

master images includes performing optical character recognition to each master image.

15. The method of claim 13, wherein linking each master image of the plurality of
master images includes comparing each master image of the plurality of master images with a set

of images from a plurality of different deck types.

16. The method of claim 13, wherein linking each master image of the plurality of
master images includes comparing a normalized version of each master image of the plurality of

master images with a set of normalized images from a plurality of different deck types.
17. The method of claim 16, wherein comparing a normalized version of each master
image of the plurality of master images with a set of normalized images from a plurality of

different deck types includes performing a pixel by pixel comparison.
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18. The method of claim 17, wherein performing a pixel by pixel comparison further

includes comparing a middle pixel with at least one additional neighboring pixel.

19. A card processing apparatus, comprising:

an input tray;

an output tray,

a memory device;

an imaging device operably coupled with the memory device, the imaging device configured to
capture raw images of playing cards passing from the input tray through the card
processing apparatus to the output tray for storage of the raw images in the memory
device; and

a main control system coupled with the imaging device, wherein the main control system is
configured to run an operating system having a file directory system configured to store a
plurality of deck libraries for a plurality of different deck types, wherein the main control
system is configured to receive the raw images from the memory device, and
automatically generate a calibration file having parameters related to a rank area and a

suit area for each deck type without user input.

20. The card processing apparatus of claim 19, including a card shuffler housing the

memory device, the imaging device, and the main control system.

21. The card processing apparatus of claim 19, wherein the main control system is
further configured to automatically generate a plurality of master images from the raw images

according to the parameters of the calibration file.
22. The card processing apparatus of claim 21, wherein the main control system is

configured to link the plurality of master images from an unsorted deck of cards with an

appropriate rank and suit.
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23.  The card processing apparatus of claim 22, wherein the main control system is
configured to link the plurality of master images from an unsorted deck of cards with an
appropriate rank and suit by:

generating a normalized version of each master image of the plurality of master images;

and

comparing the normalized version of each master image of the plurality of master images

with a plurality of normalized images corresponding to a plurality of different deck types.

24. The card processing apparatus of claim 21, further comprising a card recognition
processor configured to load the plurality master images and the calibration file from the main
control system, and compare an unknown image from the imaging device with the plurality of

master images.
25. The card processing apparatus of claim 24, wherein the card recognition processor
is configured to compare the unknown image with the plurality of master images by comparing

the unknown image with each master image pixel by pixel and sum the result of the comparing.

26. The card processing apparatus of claim 24, wherein the card recognition processor

includes a field-programmable gate array.
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