TITLE
METHODS FOR CARD PROCESSING FOR CARD DECKS

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application is a continuation-in-part of UR&tent Application Serial
No. 13/631,658, filed September 28, 2012, andledtiCard Recognition System, Card
Handling Device, and Method for Tuning a Card HarglDevice,” the disclosure of which is

hereby incorporated herein by this reference iaritgety.

FIELD
[0002] The disclosure relates generally to card recogniticcard handling devices.
More specifically, disclosed embodiments relatautomatic generation of calibration files

and other improvements to card recognition systeiheard handling devices.

BACKGROUND

[0003] Card handling devices (e.g., card shufflers) aeel urs the gaming industry for
increasing the efficiency, security, and game speéde table games, such as blackjack,
baccarat, and various forms of poker. Card hagdl@vices may perform a variety of functions
including randomly shuffling one or more decks afds in an efficient and thorough manner.
In a live table game, shuffling the cards in aicefht and thorough manner may assist in
preventing players from having an advantage by kmgwhe position of specific cards or
groups of cards in the final arrangement of caadisered in the play of the game.

Additionally, it may be desirable to shuffle thedsin 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 sgstehich may be used to
verify the contents of the card set, such as omeove decks and ensure that the card set
contains all the appropriate cards, and also tectlany cards that do not belong therein. The
card recognition system may also enable a cardlshtd verify the contents of the deck
throughout the game play. Some known card shsfftexy comprise a card recognition system
that employs sensors and a hardware componemh#hasense the rank (2-10, Jack-Ace) and
suit (Spade, Club, Heart, Diamond) from the faca cfrd and thereafter convert signals from
the sensed data into data array sets. The datasats may be compared to known data array

sets of a verified deck of cards. Other known chfflers may comprise a camera that



captures an unknown image of each card enterethiatoard shuffler and then extracts the card
rank and suit from the unknown image. The unknonage may be compared to master
images of a verified deck of cards to identify tleds.

[0005] There are several different card manufacturers, (@mgel, Gemaco, U.S.
Playing Card Company, Cartamundi, Ace, Copag, e&h having different types of card
designs. For example, the card images (e.g., ma)gdrinted on the card faces may vary from
one deck to the next. In addition, the size andtlon of the rank and suit may also vary from
one deck design to the next.

[0006] In order to support each of the various possibld taages, the card
recognition system of the card shuffler may be éobith a set of master images containing the
rank and suit symbols of a particular deck desifime master images may be stored in memory
within the card shuffler in a particular sub-dimgtfor that particular deck design. For
example, a sub-directory may exist for each dep& supported by the card shuffler. The
process of creating these master images conveltyioequires a substantial amount of manual
measurement and analysis by a technician to caedtéoad the master images for each deck
type. For example, the technician may manuallgrgrarameters into a calibration file listing
different measurements and locations related teathle and suit symbols. This process
involves trial and error, and is time consuminghastechnician attempts to find the right
combination of parameters to use in generatingnster images.

[0007] Another obstacle associated with conventional datdction devices is that
card manufacturers may create new deck designske hanges to existing deck designs.
The conventional method of manually creating démtaties becomes burdensome to
technicians who not only have to create the ddwaiies, but also need to update the deck
libraries of card shufflers in use in the fieldh dddition, each individual card shuffler may be
configured differently, which may require the teidlan to create a new calibration file for a
particular machine. As a result, when the samé& teary is created for one card shuffler
and then simply reproduced and stored on eachianigitcard shuffler, there may be
variations during card recognition from one cardffiér to the next, even within the same
model of shuffler.

[0008] Once loaded onto a card shuffler, the dealer miggisthe specific deck
design that will be used during game play. Seatecne deck in the card shuffler determines
which deck library (e.g., master images and otbkated files) is used for comparison with

the card images captured during use. The dealgisaiact the incorrect deck type, often for
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reasons such as a lack of training or simple iepur. As a result, the deck library from one
deck type may be used for comparison with imaga® fanother deck type. Using the wrong

deck library may result in errors in card identtion.

SUMMARY

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

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

[0011] In another embodiment, a card processing appamsatlisclosed. The card
processing apparatus comprises a memory devidmaaing device operably coupled with
the memory device such that raw images from thegjingadevice are stored in the memory
device, and a main control system coupled withirtieeging device. The main control system
is configured to run an operating system havinidgadirectory system configured to store a
plurality of deck libraries for a plurality of défent deck types. The main control system is
configured to receive the raw images from the mgndevice, automatically generate a

calibration file having parameters related to &rarea and a suit area for a deck type.



BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

[0015] FIG. 4 is a schematic block diagram of a card @siog system for a card
handling device according to an embodiment of tleegnt disclosure.

[0016] FIG. 5is an illustration of an image captured byraaging device of a card
handling device, according to an embodiment optlesent disclosure.

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

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

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

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

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

[0022] FIG. 10 and 11 show histograms that may result o CR analysis of the
master suit images and the master rank imagesajedday the contour analysis illustrated in
FIGS. 9A through 9C.

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

[0024] FIGS. 13A, 13B, and 13C show a processed imageaid in which the
imaging device had experienced dust build-up onehe.

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

may arise during card recognition mode.



[0026] FIGS. 15A, 15B illustrate an issue that may arisemvcapturing an image
using uneven illumination.

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

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

reduced through mathematical stretching of theded image.

DETAILED DESCRIPTION

[0029] In the following description, reference is madéhe® accompanying
drawings in which is shown, by way of illustrati@pecific embodiments of the present
disclosure. Other embodiments may be utilizeddrahges may be made without departing
from the scope of the disclosure. The followingaded description is not to be taken in a
limiting sense, and the scope of the claimed irwearis defined only by the appended claims
and their legal equivalents. Furthermore, spedaificlementations shown and described are
only examples and should not be construed as tlyen@y to implement or partition the
present disclosure into functional elements urdpgsified otherwise herein. It will be
readily apparent to one of ordinary skill in théthat the various embodiments of the present
disclosure may be practiced by numerous othertyanitig solutions.

[0030] In the following description, elements, circuitadagunctions may be shown
in block diagram form in order not to obscure thesgnt disclosure in unnecessary detail.
Additionally, block definitions and partitioning édgic between various blocks is exemplary
of a specific implementation. It will be readilp@arent to one of ordinary skill in the art that
the present disclosure may be practiced by numertines partitioning solutions. Those of
ordinary skill in the art would understand thabimhation and signals may be represented
using any of a variety of different technologiesl &&chniques. For example, data,
instructions, commands, information, signals, Eygnbols, and chips that may be referenced
throughout the above description may be represdteltages, currents, electromagnetic
waves, magnetic fields or particles, optical fiebdgarticles, or any combination thereof.
Some drawings may illustrate signals as a singleasifor clarity of presentation and
description. It will be understood by a persomiinary skill in the art that the signal may
represent a bus of signals, wherein the bus mag aaaariety of bit widths and the present

disclosure may be implemented on any number of sigteals including a single data signal.



[0031] The various illustrative logical blocks, modulesdaircuits described in
connection with the embodiments disclosed hereiy b@aimplemented or performed with a
general-purpose processor, a special-purpose pacesDigital Signal Processor (DSP), an
Application-Specific Integrated Circuit (ASIC), &kl-Programmable Gate Array (FPGA) or
other programmable logic device, a controller, dite gate or transistor logic, discrete
hardware components, or any combination thereagded to perform the functions
described herein. A general-purpose processor@aymicroprocessor, but in the
alternative, the processor may be any conventiomelessor, controller, microcontroller, or
state machine. A general-purpose processor mapmsdered a special-purpose processor
while the general-purpose processor executes at&ins (e.g., software code) stored on a
computer-readable medium. A processor may alsmpkemented as a combination of
computing devices, such as a combination of a Df8Paamicroprocessor, a plurality of
Mmicroprocessors, one or more microprocessors ijunotion with a DSP core, or any other
such configuration.

[0032] Also, itis noted that the embodiments may be desdrin terms of a
process that may be depicted as a flowchart, adiagram, a structure diagram, or a block
diagram. Although a process may describe opemticts as a sequential process, many of
these acts can be performed in another sequenpatatiel, or substantially concurrently. In
addition, the order of the acts may be re-arrangegdrocess may correspond to a method, a
function, a procedure, a subroutine, a subprogedm, Furthermore, the methods disclosed
herein may be implemented in hardware, softwarepth. If implemented in software, the
functions may be stored or transmitted as one aenmstructions or code on computer-
readable media. Computer-readable media includésdomputer storage media and
communication media, including any medium thatlfates transfer of a computer program
from one place to another.

[0033] It should be understood that any reference to emeht herein using a
designation such as “first,” “second,” and so fatties not limit the quantity or order of those
elements, unless such limitation is explicitly stht Rather, these designations may be used
herein as a convenient method of distinguishingvben two or more elements or instances
of an element. Thus, a reference to first andrs®etements does not mean that only two
elements may be employed or that the first elemmerdt precede the second element in some
manner. In addition, unless stated otherwiset afsslements may comprise one or more

elements.



[0034] As used herein, the term “master image” is an ingegeerated by a card
recognition system during calibration mode that meystored for future comparison with
unknown images to identify a card during card redtgn mode. The master images may
include separate master images for each rank andfsudeck. There may also be master
images for other symbols, such as a joker, Wagmabsls, deck set symbols, casino
symbols and other known symbols. In some embodsnamaster image may include both
the rank and the suit of an individual card, suwt each individual card has its own master
image. A “raw image” is an image generated byrd cacognition system during calibration
mode and may be used to generate the master imdagexample of a “raw image” is an
image generated by a two-dimensional (2D) CMOS srsensor. As discussed below, the
master images may be generated according to paesvsored in an automatically
generated calibration file. In the context of cegdognition, a “raw image” may be
generated and used to generate an unknown imageteim “unknown image” is an image
that is generated by the card recognition systermmdmparison with a master image to
identify a card rank and suit during card recognitmode.

[0035] Embodiments of the present disclosure include bardlling devices, card
recognition systems, and related methods. Itmsesoplated that there are various
configurations of card handling devices that majude a card recognition system according
to an embodiment of the present disclosure. FlGBrough 3, described below, are non-
limiting examples of such card handling deviced thay employ card recognition systems
and methods of the present disclosure. Of cootkey configurations of card handling
devices are also contemplated.

[0036] FIG. 1is a perspective view of a card handlingicext00 according to an
embodiment of the present disclosure. The cardllrndevice 100 may be configured to
randomize sets of cards, such as decks and setgltiple decks of cards. The card handling
device 100 may include a top surface 112 that cm@pia flip-up cover 114 that, when
opened, may expose a card insertion area 116 aelwaator platform 118. The card
insertion area 116 may be configured to receivimpunt set of cards to be shuffled, counted,
and/or sorted. The card handling device 100 magopégured to receive, read rank and
suit, sort, and/or shuffle one or more decks oflede.g., standard deck of 52 cards each, 52
cards plus one or two jokers, etc.). The card lagdevice 100 may be particularly well
suited for providing randomized decks of cardscfnd games, such as blackjack, poker, etc.

In some embodiments, the card handling device 18&pm located adjacent to, or flush
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mounted into, a gaming table surface in a casinergv/h live card game may be played. In
some embodiments, the card handling device 100bedgcated at a remote location off the
casino floor, which may be inaccessible to the jgubl

[0037] The elevator platform 118 may be configured toer@set of shuffled cards
to a level where the cards may be removed by aratgreafter the shuffling, reading, and/or
sorting processes are completed. Within a prateekterior 124 of the card handling device
100 is a card processing system 400 (FIG. 4) ther€he card processing system 400 may
be configured to recognize the identity of the saad the cards pass through the card
handling device 100. The elevator platform 118 mmajude a card present sensor 120
configured to detect the presence of a card loaatettie elevator platform 118. Other card
present sensors 420 (FIG. 4) in the card procesystgm 400 may trigger the card
recognition system to capture the image of the oadhta from the card image.

[0038] The card handling device 100 may also be configtoeatisplay operational
data relating to the device to a display panellb2ated on the top surface 112. An operator
using the card handling device 100 may monitordisplay panel 122 and view the displayed
information in order to know the status of openatad the card handling device 100. Such
information displayed on display panel 122 mayudel the number of cards present in the
card handling device 100, the status of any smgfflieading, or sorting operations, security
information relating to the card handling devic® 16tatus relating to a card verification
process, or any other information about errorgheroperation of card handling device 100
that would be useful to the operator. In one enrthedt, the display panel 122 is a LED
display. In another embodiment, the display isCDLldisplay or other electronic display
capable of at least displaying alpha-numeric infmion. The display panel 122 may include
a user interface for the user to interact withdaed handling device 100. For example,
buttons 113, 115 may control operations, such agpon/off, special functions (e.g., raise
elevator to the card delivery position, reshufidenenand, security check, card count
command, etc.), and the like. In other embodimeatschscreen controls are provided on a
surface of the display panel 122.

[0039] Additional details regarding such a card handliegice are described in
U.S. Patent 7,764,836, issued July 27, 2010, atitteeri'Card Shuffler with Card Rank and
Value Reading Capability Using CMOS Sensor,” anf.Patent Application Publication
No. 2008/0113700, filed November 10, 2006, andledti'Methods and Apparatuses for an



Automatic Card Handling Device and Communicatiovideks Including Same,” the
disclosure of each of which is incorporated heneiits entirety by this reference.

[0040] FIG. 2 is a perspective view of another card haigddievice 200 according
to another embodiment of the present disclosutee card handling device 200 may include
a recessed card infeed tray 222, adjacent receaseautput tray 224, and a plurality of card
shuffling compartments (not shown) arranged inta@usel structure 223 that are
configured to shuffle a deck of cards inserted thiocard infeed tray 222 and outputted in
smaller groups, such as hands and/or partial hanttie card output tray 224 during use.
The shuffling compartments of the carousel strec23 may be enclosed within a cover
228. A card present sensor (not shown) in the catput tray 224 may generate a signal that
causes the processor to instruct mechanical elsn@udiispense another group of cards after
the last group of cards is removed. The card agdevice 200 includes a flange member
202 that may further include a dealer display 2% may include touch screen controls for
the dealer to input commands for the card handlangce 200. The card handling device
200 may be flush-mounted on a gaming table. Adidéti details regarding such a card
handling device are described in U.S. Patent 85242 issued January 1, 2013, and entitled
“Card Shuffler with Adjacent Card Infeed and Cangt@ut Compartments,” the disclosure of
which is incorporated herein in its entirety bystheéference. The card handling device 200
may further include a card recognition system (F{athat may be housed within the cover
228, and which will be described in further debslow.

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

cards, complete deck(s), damaged or marked cartty,fanctions for the dealer to identify
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the number of players, the number of cards per hacwess to fixed programming for
various games, the number of decks being shuftiad calibration information, etc.), or
other information useful to the operator.

[0042] The card handling device 300 may further includheffled card return area
332. The shuffled card return area 332 may inchmelevator surface 314 and card-
supporting sides 334 that surround at least agrodi the elevator surface 314. In some
embodiments, the card-supporting sides 334 rennad to the elevator surface 314 during
operation. In other embodiments, the card-supppsides 334 may be fixed to the frame
and do not move. In some embodiments, the cargdestipg sides 334 may be removable.
Removal of the card-supporting sides 334 may erthel®eperator to lift shuffled groups of
cards onto a gaming table surface for use in agamte. Additional details regarding such a
card handling device are described in U.S. Pat@®4/836, issued July 27, 2010, and
entitled “Card Shuffler with Card Rank and ValueaRieg Capability Using CMOS Sensor,”
the disclosure of which is incorporated hereintsrentirety by this reference. The card
handling device 300 may further include a card gadmn system (not shown), which will
be described in further detail below.

[0043] Depending on the configuration of the card handdiegice employed, the
physical configuration of the card recognition systmay also vary from one card handling
device to the next. For example, the placemetit@fmaging device may be different (e.g.,
different angles) from one card handling devicth®next, which may result in the need to
generate and maintain different deck librariesfiervarious types of card handling devices.
According to conventional methods for generatingkdéraries and master images where
each step is performed manually, the need to maidesck libraries for various types of card
handling devices is increased with the differenifér structures, which may further add to
the benefits and advantages of embodiments ofrtrsept disclosure.

[0044] Embodiments of the present disclosure include apses and related
methods for automatically generating a calibrafitnfor a card handling device. Thus,
rather than using substantial human interactiontaaddand error to arrive at certain
parameters used in the identification of an unknoana, embodiments of the present
disclosure use a processor programmed to idetgfydcation and dimensions on a card for
a rank, suit, region of interest, and/or other meaments regardless of the deck type and
without user interaction, and to generate a cdiimdile 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 psice system 400 for a
card handling device according to an embodimetiti@present disclosure. Examples of
card handling devices 100, 200, 300 that may irecthe card processing system 400 include
those described above with respect to FIGS. 1 gir@ Of course, it is contemplated that
the card processing system 400 may be adaptedéowithin any card handling device that
is configured to shuffle, sort, deal, process beowise handle a deck of cards.

[0046] The card processing system 400 may be configurbd sutomatically
tuned to obtain card rank and suit information frone or more decks of cards of different
designs and manufacturers, after which the cardgssing system 400 may be used to
determine the identity (i.e., rank and suit) ofusknown card passing through the card
handling device. The ability to determine the titgrof an unknown card may be desirable
for fraud detection, verifying that the proper caede in a deck, or for other reasons. In
some embodiments, the card processing system 49@ls@be configured to control the
shuffling of the cards, as well as the motorsarsl| etc., that move the cards through the card
handling device. In some embodiments, a sepanat#ier processor (not shown) may be
configured to control the mechanical operatiorhef ¢ard handling device.

[0047] The card processing system 400 may include a noaitrad system 412, a
card recognition processor 414, an imaging devide 4 memory device 418, a latch 419,
and a card present sensor 420. Each of the matrotsystem 412, card recognition
processor 414, imaging device 416, the memory deddd, and the card present sensor 420
may be coupled with each other for communicati@rghetween. The latch 419 may be
coupled between the card recognition processorafitithe memory device 418.

[0048] The card recognition processor 414 may be couplédtie imaging device
416 to receive captured images. Capturing an inohgél or a portion of the card is also
referred to herein as “reading the card.” Cardg bwaread when stationary or in motion
within the card handling device. The imaging devd 6 may be positioned and oriented
within the card handling device, such that at legsbrtion of the card may be placed within
a field of view of the imaging device 416 when cajtg an image of the card. As shown in
FIG. 5, a portion of card 506 for the resulting riavage 417 that is within the field of view
502 of the imaging device 416 may be the upperHlaifid corner of the card 506. (When the
card is face-up, long side along the x axis). Adddl detail regarding analysis of the raw
image 417, and the related information derivedetfiem, will be discussed with more detalil

below with respect to FIG. 5.
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[0049] Referring again specifically to FIG. 4, the maimtol system 412 may
include a processor 430 and memory 432. The psocd80 may be configured to perform
operations, such as executing instructions (eoffware code) that perform methods
described herein. The instructions may includeogam that will run on the main control
system 412 at the time the card handing deviagnisd (i.e., calibrated) for a specific deck of
cards of a specific design. The memory 432 magdodigured to store information therein.
For example, the memory 432 may store the exeagabid other files that enable the
processor 430 to run the operating system on the coatrol system 412. The memory 432
may include volatile and/or non-volatile memoryhelmain control system 412 may run an
operating system (e.g., Linux, Windows, etc.). itg@n control system 412 may be
configured to instruct the imaging device 416 tptaege the image (e.g., responsive to a
trigger signal from the card present sensor 42@) extract data from a symbol printed in
the field of view 502. The main control system 44y also be configured to communicate
information to input and output devices (not shovench as a display, operator inputs, etc.

[0050] The operating system may enable a data organizsiioature that includes
a file system 431 for storing files (e.g., imadedj calibration files, etc.) within the memory
432 that may be used to determine the identityn&hown cards during card recognition
mode. The main control system 412 may be confajtmeorganize the file system 431 into
sub-directories 434, 436. Each sub-directory 438, may be for a deck type or design to
which the card processing system 400 has been.tuffeas, a sub-directory may also be
referred to as a “deck library.” A first deck ldvy 434 may include files stored therein that
are for a first particular deck type. For examfiles stored within the first deck library 434
may include a calibration file 433, a deck name 4iB5, and a plurality of master images
413, 415. The calibration file 433 may includegmaeters that identify certain measurements
(e.g., rank and suit areas, region of interest) gtat may be used by the main control system
412 and/or the card recognition processor 414 tegee the master images 413, 415 and/or
process other images to be compared with the mastgies 413, 415.

[0051] The processor 430 of the main control system 41 eaconfigured (e.q.,
programmed) to control the card processing syst@drfdr operation in one of a plurality of
modes. For example, the card processing systenmé§e capable of operating in a
calibration mode (e.g., automatically generatiroglébration file, master images, and other
files of a deck library) and a card recognition mde.g., determining the identity of an

unknown card passing through the card handlingoggvi
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[0052] During the calibration mode, the card processirggesy 400 may be “tuned”
to recognize a particular deck of cards or deck typherefore, the calibration mode may
also be referred to herein as the “tuning modeuitiy calibration mode, the main control
system 412 may be configured to automatically geteethe calibration file 433 and the
master images 413, 415 that may be employed byatteprocessing system 400 when
subsequently operated in the card recognition mddee master images 413, 415 include
master rank images 413 and master suit imagesof1bd specific card deck type or deck
design to which the card processing system 406irgttuned. Thus, for example, the
master rank images 413 may include thirteen imagesfor each rank (2, 3, ... 10, Jack (J),
Queen (Q), King (K), and Ace (A)), and the mastet snages 415 may include four images,
one for each suit (Diamonds (D), Hearts (H), Spd8¢sand Clubs (C)). The result from
calibration mode includes the calibration file 48% master images 413, 415, and the deck
name file 435 being stored in a deck library 434tie specific deck type.

[0053] The master images 413, 415 may be generated lmathgrocessing system
400 by reading a pre-sorted deck into the cardgesing system 400. As used herein, “pre-
sorted” means that cards of the deck to be tureglaced and read into the card processing
system 400 in an order that is known or expectethéynain control system 412 during
calibration mode. The term “pre-sorted” is noemded to require any particular order of
cards, but rather an order that is expected bynidie control system 412. In other words,
the card processing system 400 knows the ranku@hdfseach respective card as it is read
into the card processing system 400 and used tergenthe master images 413, 415. In
some embodiments, the master images 413, 415 mggrezated by the card processing
system 400 by reading an unsorted (e.g., randordigred) deck of cards into the card
processing system 400. “Unsorted,” therefore,maehat the cards of a deck to be tuned are
placed in an order that is unknown or unexpectethbymain control system 412. From the
perspective of the main control system 412, ani@daleck is a randomly ordered deck.
Additional details regarding the generation of reaghages 413, 415 of a pre-sorted and an
unsorted deck are described below with referen€é@s. 7 and 8A-8C.

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

deck type, the card processing system 400 may aticaily generate a new deck library
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having a calibration file 433, a deck name file 4&&d plurality of master images 413, 415
for the new deck type stored therein. Any numbetezk libraries may be generated and
included within the file system 431, accordinghe humber of desired deck types to which
the card processing system 400 is tuned. Becaudestyles sometimes change over time, it
may be desirable to generate a new deck libraryed4® time a casino receives a new
shipment of cards.

[0055] The card processing system 400 may also operateand recognition
mode. During the card recognition mode, an unknomage 411 may be compared with one
or more master images 413, 415 to determine theitgée.g., the rank and suit) of the
unknown card passing through the card handlingogevirhe card recognition mode may
occur during real-time play of a wagering gamehuiite processing being primarily
performed by the card recognition processor 4lderahan the main control system 412.
Additional details regarding the recognition ofiarknown card passing through the card
handling device during the card recognition moaedascribed below with reference to FIG.
12.

[0056] The card recognition processor 414 may configussanaBFPGA or
comparable hardware component having control logidfigured to process one or more
images according to embodiments described hei2iming the calibration mode, the card
recognition processor 414 may be configured togss@ raw image data captured by the
imaging device 416 data and transmit the processgdmage data to the memory device
418 as raw images 417. During the calibration madd after the calibration file 433 is
automatically generated, the card recognition gsoe414 may also configured to generate
the master images 413, 415 according to the paeasngtiored in the calibration file 433.
During card recognition mode, the card recognipamcessor 414 may be configured to
determine the identity of an unknown card. Fomepke, the card recognition processor 414
may be configured to generate the unknown imag&gréin the raw captured image data so
that the unknown images 411 may be compared wighoormore of the master images 413,
415 to determine the identity of the unknown cdrdother words, during the card
recognition mode, the card recognition processdriay be configured to compare the
generated unknown rank and suit images (i.e., tkeawn image 411) with master rank
images 413 and master suit images 415 to detetiménielentity of the card. The card
recognition processor 414 may also include mentway may store master images 413, 415

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

[0057] The imaging device 416 may include a camera (BCMOS imager)
configured to acquire a two-dimensional image figld of view. The imaging device 416
may include an analog camera or a digital cametia avdecoder or receiver that converts
received radiation into signals that can be analyzéh respect to image content. The
signals may reflect either color or black-and-wlii®rmation, or merely measure shifts in
color density and pattern. The imaging device dby include one or more lenses to focus
light, mirrors to direct light, and radiation ereits to assure sufficient radiation intensity for
imaging by the imaging device 416. For example,rdiation emitters may include LED
light sources (not shown) to illuminate areas efc¢hrd being imaged. Although a white
light source may sometimes be adequate to captayscale data from red and black print on
cards, a green light source may be an efficientcgoaf illumination for capturing black and
white data from both red and black print on cards.

[0058] The card present sensor 420 may be configurednergee a signal when a
card is present for the imaging device 416 to rdacsome embodiments, the card present
sensor 420 may be coupled to the imaging deviced#®6tly for sending a trigger signal to
the imaging device 416 indicating that the carpressent. In response to the trigger signal,
the imaging device 416 may capture the image ot#nd. In some embodiments, the card
present sensor 420 may be coupled to the imagivigeld16 indirectly such that the trigger
signal is sent to the imaging device 416 throudieotomponents, such as the main control
system 412 or the card recognition processor #lthough the card present sensor 420 is
shown in FIG. 4 as being directly coupled with eatthe main control system 412, the card
recognition processor 414 and the imaging devi& #1s is done to show various optional
configurations for the card present sensor 420.

[0059] The memory device 418 may be configured to staeectptured raw images
417 for each of the cards of the deck. The rangasat1l7 may be read in by the imaging
device 416 to be used by the main control systePndditing calibration mode, which may be
used to generate the calibration file 433. Theiramges 417 may further be provided to the
main control system 412 during calibration modgeaerate a set of master images 413, 415,
which master images 413, 415 may ultimately besstam the corresponding deck library
434, 436 for that respective deck type. The merderjce 418 may have N locations

available for storing the raw images for each cattkrein N is any positive integer. For

15



most standard decks, N may be equal to 52 or magwd, rank of each suit 13 rank images
and 4 suit images. In some embodiments, N locaitmoay include additional locations for
jokers, special cards, blank cards, or other symbblecks of cards having more or fewer
than 52 cards (e.g., cards with certain cards addeeimoved) are also contemplated. In
addition, the calibration file 433 and master inmg#&3, 415 may be generated using a sub-
set of all cards of the deck. In other words,va iraage 417 may not be captured for each
and every card in the deck so long as at leastamémage 417 is available for each rank
and each suit in the deck. As a result, N mayekef than the total number of cards in the
deck. Although the memory device 418 is shownl{®.R as a discrete memory device, it is
contemplated that the memory device 418 may begiated with the card recognition
processor 414 or the memory 432 of the main cosyrstiem 412, such that the raw images
417 may be stored in the card recognition proce$séror the main control system 412.

[0060] In some embodiments, the memory 432 may also ieotud or more
combined deck sub-directories 440. Each combire#t dub-subdirectory 440 may include
normalized images for a corresponding rank andfsunt a plurality of different deck types.
For example, a first combined deck sub-directoly vy have normalized images, D,,

... Dn previously taken from a plurality different deglpés for the “2 rank,” a second
combined deck sub-directory 440 may have normalidednk” images B, Dy, ... Dy
previously taken from a plurality of different detgpes for the “3 rank,” and so on. Thus,
there may be thirteen different combined deck suii-directories, each having a relatively
large number of normalized rank images D, ... Dy from different deck types. Likewise,
four different combined deck suit sub-directorid® 4nay be created that have a relatively
large number of normalized suit images D, ... Dy from different deck types stored
therein.

[0061] Each of the normalized images, -, ... Dy may be a common size. In
addition, the normalized images may be stretcheatiatoa pixel from each of the rank and
suit is located on an edge of the normalized imaljee normalized images may be used in
comparison with the master rank and suit images 413 for linking to the master images
413, 415 to the appropriate ranks and suits fop#rdcular deck being tuned. Thus, the
master rank and suit images 413, 415 (or copiesdflemay also be normalized while tuning
the deck by having a common size with the normdlimeages and stretching the master rank
and suit images 413, 415 so that a pixel from ed¢he 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 lonatiche memory device
418 in which a particular raw image 417 shouldtoeesl. For example, as the raw image
417 for a card is successfully stored, the latch #hay include a flip flop and/or a counter
that increments as each raw image 417 is storétibsdhe raw image 417 for the next card
may be stored in the next location in memory de¥it®. If the raw image for a card is not

successfully stored, the latch 419 may not incrémen

Raw | mage Analysis and Par ameter s of the Calibration File

[0063] FIG. 5 is an illustration of a raw image 417 acqdiby the imaging device
416 (FIG. 4) of a card handling device, accordmgri embodiment of the present disclosure.
The discussion related to the parameters in Fl&s& refers to the hardware environment for
acquiring the raw image 417 that described witpeesto FIG. 4. The lines and
measurements shown in FIG. 5 illustrate certaiameters that may be determined and
included within the calibration file 433 for futuuse. Future use of the calibration file 433
may include when generating the master images453during the calibration mode, as
well as when generating the unknown image 411 tsedmpare with the master images
413, 415 during the card recognition mode.

[0064] The raw image 417 may be acquired from the imadangce 416. Thus,
the raw image 417 of FIG. 5 may be one of the raages 417 that may be stored in the
memory device 418 as the cards are read by theheadling device. The raw image 417
may be a grayscale image having a resolution dé@tedhby the imaging device 416 (e.g.,
320 pixel x 240 pixel resolution). A grayscaleglirnay have relatively large number of
different values, whereas a black and white pixay tnave the value of either a 1 (black) or a
0 (white). When processing the raw image 417rdleimage 417 may be converted from a
grayscale image to a black and white image. Famgte, the card recognition processor 414
(FIG. 4) may employ a method to assign grayscadelpibelow a certain threshold value to a
0 (white) and grayscale pixels above a certainevédua 1 (black). Of course, different
resolutions and color schemes may be employedesieed. For example, a full color image
may be captured by the imaging device 416; howetvehould be appreciated that lower
resolution and black and white conversion may teawdmaller file sizes and reduced
processing time. It is contemplated, however, tivatcolor (e.g., red or black) of the rank or
suit may be one more distinguishing factor to assisard recognition even though the color

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

[0065] The field of view 502 of the imaging device 416ide$ what data is able to
be captured by the imaging device 416 for the raage 417. For example, the imaging
device 416 may be located within the card handliegce to capture at least a portion of a
card 506 passing through the card handling devAsediscussed above, a portion of the card
506 may be positioned within the field of view 5ith that the raw image 417 may include
the rank and the suit of the card 506. In the getarshown in FIG. 5, the rank is a Queen
(Q) and the suit is a spade located in the upfeh#nd corner of the card 506. Of course,
the rank and suit may be located in other positanthe face of the card 506.

[0066] A rank area 508 and a suit area 510 may defineemnaound the rank and
suit, respectively. The rank area 508 and thessaa 510 may completely encompass the
rank and the suit of the card 506. Having a gadoidif the rank and suit may reduce the
amount of white space in the rank area 508 anduhearea 510, which may provide a better
separation and a more accurate match when compaaster images and unknown images.
The rank area 508 and/or the suit area 510 maybloa,ea rectangle, or other shape. The
rank area 508 has a rank width 516 and a rank dgf@hwhich may be measured in pixels.
The suit area 510 has a suit width 520 and a spithd522, which may be measured in pixels.
The rank area 508 and the suit area 510 may beategaat a split region 509. The split
region 509 is a region (e.g., point, line, etcattis between the rank and the suit of the card
506, which may be used to be a starting point feasaring the rank area 508 and the suit
area 510. In some embodiments, the split regi@mb8y be ignored by finding the rank and
suit symbols, such as by blob analysis (descriledoMd, and then applying the parameters
from the calibration file 433 if the calibration€i433 exists.

[0067] Within the field of view 502, the main control sgst 412 may also define a
region of interest 504 to be stored in the calibrafile 433 so that subsequent analysis may
focus on a smaller portion (the region of intef&®t) of an image rather than a full image
(the field of view 502). The region of interesd58 a portion of the field of view 502 that
includes the rank area 508 and the suit area 5flteafard 506. Focusing the analysis of the
card to the region of interest 504 may reduce tbegssing needed for generating master
images 413, 415.

[0068] As discussed above, various parameters may bealstotke calibration file

433 in order to assist the generation of the mastages 413, 415 during calibration mode
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and the generation of the unknown images 411 dwand recognition mode. These
parameters may be determined by the main contstésy412 and stored in the calibration
file 433. The calibration file 433 may include tha@rameters for the specific deck type.
Such parameters may include V_lines 512, H_lings Enk width 516, rank depth 518, suit
width 520, suit depth 522, H_start 524, V_start,5#&1 V_offset 528. These parameters
may include various locations and measurementsmilie raw image 417.

[0069] V_start 526 is the shift in the X-axis for the fing the region of interest
504. V_start 526 may be based on the changeg icaiimera mount position relative to the
calibration target. V_start 526 may be set intdyriay the card recognition processor 414 or
the main control system 412. V_start 526 may lpr@pmately the same for all shufflers of
the same model, but may account for small changeamera mount position between
devices.

[0070] V_offset 528 is the pixel offset that is added gltime X-axis to V_start 526
to find the edge of the region of interest 504 e Tégion of interest 504 may be defined just
beyond the edge of the card 506 (e.g., by a feelginto the dark background. The
V_offset 528, which is a relative offset used tdtshe card image further leftward into the
region of interest 504. The V_offset 528 may berined by checking across all card
images that the region of interest 504 edge isgdetv pixels away from the card next to
each rank/suit image, as the main control syste2nuées a black-to-white transition
algorithm to find the edge of the card. In oradecompensate for some rotation-caused
shifting of the cards, the V_offset 528 may be maliby a number (e.qg., 4 pixels) from the
minimal value found across all cards.

[0071] H_start 524 is a relative offset along the Y-akisttis used to shift the card
image to define the upper portion of the regiomtgrest 504. The higher the value of
H_start 524, the greater the shift. H_start 524esponds to a shift of the region of interest
504 downward from the top of the card 506. H_<ia® may be determined by finding the
distance to the black-to-white transition at the ¢éolge of the card 506 and reducing by a
number (e.g., 4 pixels) to compensate for someiisgiin the cards.

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

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

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

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

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

[0077] Split_algorithm_select may be used to indicatediihection that the card
recognition processor 414 begins its scan for figdhe split region 509 in the unknown
image. For example, if there is a non-rank blob.(&Vagner symbol or artwork) between
the rank and the top edge of the card 506, the afiorithm_select may be setto 1 to
instruct the card recognition processor 414 to seamegion of interest 504 from bottom to
top when finding the split region 509. The spligagithm_select may be set to O to instruct
the card recognition processor 414 to scan themegji interest 504 from top to bottom when
finding the split region 509.

[0078] Err_min_rank is a parameter used to identify unkmoank images. The
number of black pixels in the unknown image is careg to the number of black pixels in
reference images and the reference image withigiest number of pixel matches is
determined to be the match. For example, if tleeests less than the err_min_rank, the
master rank image is reported as being a non-ntatitte unknown rank image.
Err_min_suit is a parameter used to identify unkn®wit images. For example, if the score
is less than the err_min_suit, the suit imagepered as being a non-match. During a

summing determination, a perfect match would hat®8@®6 match rate between the
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unknown image and a master image. Because of gsanaions, this may not be the case.
The err_min_rank and err_min_suit are may be skawe values equating to a desired error
threshold (e.g., 75%) of the potential total mascimethe summing determination. For
example, if a rank area 508 or a suit area 51@BBasxels, the err_min_rank and the
err_min_suit may be set to 24 (e.g., 24/32 = 0. 7% .a result, if the percentage of pixel
matches falls below this percentage (e.g., 75%)rdnk and/or suit may be considered a
non-match against the master image. If more tim@nnoaster image provides a score that
exceeds the match threshold (75%) when comparttonknown image, then the master
image having the highest score may be considereth#tiching symbol. If none of the
master images provide a score that exceeds thérmatshold (75%) when compared to the
unknown image, then the unknown image may remakmawnn and an error alert may be
provided to the dealer. Situations in which thersanay be below the match threshold may
include an error in the tuning process, an errdhénimage capture of the unknown image, a
card being turned over, a card being from anotkekda damaged or dirty card, the card
handling device being dirty, etc.

[0079] The deck number may be a unique number for a pgaticalibration file
433 in order for the dealer to select to be usdterfuture. The library number may
represent the number of times that the calibrdtie®33 has been updated. The preload sets
parameter may represent a number of image shétsatle done during correlation for an
image pair (e.g., an unknown image and a mastegajnadn some embodiments, the deck
number and library number may be stored in a sépdeck name file that is different than
the calibration file 433.

Calibration M ode Operation: Automatic Gener ation of Calibration File

[0080] FIG. 6 is a flowchart 600 illustrating a method &atomatically generating a
calibration file for a card detection system acamgdo an embodiment of the present
disclosure. The method of FIG. 6 is described wafierence to the card processing system
400 of FIG. 4 and the raw image 417 of FIG. 5. Tan control system 412 may operate in
the calibration mode to tune the card processistesy 400 to a particular deck of cards such
that the card recognition processor 414 may sulesetyudentify unknown cards of that
particular deck type while operating in card redign mode.

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

captured. For example, the deck of cards may dertied into the card handling device and
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read into the card processing system 400. At ¢jper&20, the raw image 417 may be stored
in the memory device 418 in the order that theyraceived. At operation 630, it is
determined if there is another card to be readstm@d. If so, the next card is read, and the
next raw image 417 is stored in the memory devik® 4n other words, cards may be
sequentially passed through the field of view 50the imaging device 416, and the raw
image 417 of at least an area the rank and suibsigof each card is captured by the
imaging device 416, and moved by the card procgssiatem 400 into the memory device
418 to be used for tuning the card processing syd0. In some embodiments, the cards
may be read in a predetermined order (i.e., preedprwhile in other embodiments, the cards
may be read in any order (i.e., unsorted).

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

[0083] At operation 640, one or more raw images 417 mapdded from the
memory device 418 to the main control system 4it2nm@age processing and for
automatically generating the calibration file 438.some embodiments all raw images 417
captured for the card deck may be loaded from temany device 418 to the main control
system 412 for subsequent image processing. Br etnbodiments, each raw image 417
may be loaded to the main control system 412 ahdesjuently processed one at a time.

[0084] At operation 650, the location of the rank and syihbols may be identified
within the raw images 417 along with parameters@ased with their areas. For example,
the main control system 412 may be configured téope an image processing analysis of
each raw image 417. The image processing anahgsjsinclude identification of
measurement data (e.g., parameters representatesegth, width, areas, coordinates,
dimensions, etc.) relating to at least one of & erea 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 #ie control system 412

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

[0086] The blob analysis may result in extracting featdiresy an identified blob,
such as the orientation of a blob, the centroithefblob, the height and width of the blob,
and other similar features. An example of sucinage processing program capable of
being programmed to perform the analysis desctitezdin includes OpenCV (Open Source
Computer Vision Library) developed by Intel Corpava of Santa Clara, California.
OpenCV is an open source library that includesugafity of additional algorithms and sub-
features for algorithms that may be used in imagdyais. Descriptions regarding the
function and usage of the algorithms that may réopmed using OpenCV are described in
one or more of the following text books: “OpenC\@mputer Vision Application
Programming Cookbook, published May 23, 2011, auRabert Laganiere; “Learning
OpenCV: Computer Vision in C++ with the Open CV Haky,” published December 25,
2012, authors Gary Bradski et al.; and “Masteriqpg@CV with Practical Computer Vision
Projects,” published December 3, 2012, authors Bagjgal.,the disclosure of each of which
is hereby incorporated herein by this referendesientirety. For example, libraries from
OpenCV may be employed to perform conversion ofgesafrom a grayscale image into a
black and white image, finding contours on an imagsel filling a contour to isolate a rank
and suit within the images. In addition, librarfesm OpenCV may be employed to perform
a blob analysis, optical character recognition (@R other methods that may be used to
link the appropriate rank and suit images withaaed images, which may enable tuning a
deck of cards out of order (as discussed in furdle¢ail below). Other software that may be
capable of blob analysis and other image procedsatgres may also be employed, such as
MATLAB® developed by Mathworks of Natick, Massachtts.

[0087] The blob analysis may be configured to locate bieitisin a selected raw
image 417. Although the term “raw image” is usedrty the description of the blob
analysis, the image that is analyzed may be prededsor example, the main control system
412 may convert the raw image 417 to black andeylnitay crop (or ignore) the raw image

417 to the region of interest 504 around the c@@ithat is of a smaller size than the field of
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view 502 of the imaging device 416, etc., priop&forming the blob analysis to identify the
areas of interest that include the rank and suti@®fcard 506. In this context, the term “raw
image” is intended to mean that the image is moaater image 413, 415, and not necessarily
that no processing or alteration of the raw imabe Has been performed.

[0088] In particular, the blob analysis may be employebkbéate rank and suit
symbols, and distinguish between ranks, suits,odinelr markings on the card. As an
example, the blob analysis may determine an initighber of blobs within the raw image
417. The initial number of blobs may be relativiglsge (e.g., 3000 blobs) based on the
artwork on the card that is present within thedfiel view of the imaging device 416. The
blob analysis may also return a location (e.g.tro&t) of each blob within the raw image, as
well as the measurements (e.g., height, width) eteach blob.

[0089] The blob analysis may ignore other blobs basedzan shape, or location in
order to arrive at the rank and suit symbols. é&x@mple, because the rank and suit of most
cards may be expected to have at least a minimzen lsiobs smaller than the minimum size
may be ignored by the main control system 412 émppses of finding the areas of interest in
the raw image 417 that include the rank and daiaddition, because the rank and suit of
most cards may be expected to be located neaothers of the cards, blobs that are outside
of that expected region may also be ignored. Fesalt, the remaining blobs left to be
analyzed should include the one or more blobs spording to the rank symbol and the one
or more blobs corresponding to the suit symbolhendard.

[0090] In some embodiments, the main control system 412identify the “10”
rank symbol first (i.e., excluding other cards,tsas Jack, King, etc.). Unique characteristics
of the 10 rank symbol may be particularly helpfod the main control system 412 to identify
the location and dimensions of the 10 rank and dilstinguish the 10 rank from the other
ranks. For example, the 10 rank may be recogrézadétause the 10 rank has two relatively
large blobs that are side by side. Each of theltlwbs may have approximately the same
location on the Y-axis for the centroid, along wégbproximately the same height. In
addition, the blob analysis may recognize thatldob (the “1”) is narrow whereas the other
blob (the “0”) is wide. The 10 rank may also befusas a basis in defining the
measurements for the rank area 508 because tl@ymbol is usually the largest of the
various rank symbols for many deck types.

[0091] Identifying a blob as the suit may be determinedbloating the relatively

large blob near the 10 rank as the suit. In oteds, once the blob’s location and
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measurements have been determined for the ranlgdhton and measurements of the suit
may be based on the blob identified as the ramk.ekample, the suit may also be expected
to be the blob located below the rank (in the }ediion), which is the case for most deck
types.

[0092] In some embodiments, the main control system 42dagermine the
location and measurements of the suit symbol poithe rank symbol. As a result, once the
blob’s location and measurements have been detedian the suit, the location and
measurements of the rank may be based on thedx#alified as the suit. For example, the
rank may also be expected to be the blob locatedeathe suit (in the Y direction), which is
the case for most deck types.

[0093] As another example, the rank and/or suit symbol beaylentified by
comparing portions of the raw image 417 againstreegc file describing rank and/or suit
curvatures, being immune to scale or rotationpfmtions 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 sed &10 may be defined.

For example, once the blobs are identified forrtimk and suit of the card in the raw images
417, the results from the blob analysis, the leretiand measurements (e.g., in pixels) may
be further analyzed to define the rank area 50&lamauit area 510 as well as other related
parameters that will be part of the calibratior #33. The rank area 508 and the suit area
510 are areas that are defined based on the locatih measurements of the respective ranks
and suits for the specific deck type. In otherdgothere may be one rank area 508 that is
defined to be large enough that all ranks frommaadl images 417 fit within the rank area 508.
Similarly, there may be one suit area 510 thaefed to be large enough that all suits from
all raw images 417 of the deck type fit within thet area 510.

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

that are stored in the calibration file 433 mayde&ermined by taking the maximum
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measurements of the rank symbol and suit symbdlilzn expanding the values slightly to
allow for some white space around the ranks and.s&xpanding the maximum value of the
ranks and suits in this manner may allow for sliggniations in print size, as well as for
rotation of cards that may exist when reading endards.

[0096] At operation 670, a region of interest 504 may éenéd. The region of
interest 504 should be large enough to complethyasn each rank and suit symbol of each
card of the specific deck type with some additicarala added to account for variability in the
acquired signal and variability in card positiomus, the region of interest 504 may be
defined by measuring a size (e.g., in pixels) aedtion of each rank area 508 and suit area
510 defined by the system, and identifying an are@hich every rank area 508 and suit area
510 appears during the training and calibratiorspha@Because there may exist some
variation in the location of the rank and suit syitstthroughout the deck, the rank area 508
and suit area 510 for the entire deck may be aadly@ determine a minimum number of
pixels (in both X and Y directions) to considertwsure that the rank and suit symbols fall
within the region of interest 504. In some embaghits, the minimum number of pixels may
be used, whereas in other embodiments the regioriesest 504 may include excess pixels
to allow for variations (e.g., card orientationYyidg actual use.

[0097] In some embodiments, the region of interest 504 beagiefined by adding a
fixed dimension in the X-direction from the righte of the image, while the dimension in
the Y-direction may be determined by defining thetfest location from the top of the card
506 in the Y-direction to the bottom of the suitrdyol. Because the rank and suit symbols
may vary in location, the furthest location maydetermined after analyzing the locations of
all suits from the image processing analysis. fiied dimensions of the region of interest
504 may include some padding on these measureimegdsh direction to compensate for
slight variations in card orientation during usether methods for defining the boundaries
for the region of interest 504 are also contemplatech that the region of interest 504 has a
suitable size and location to ensure that ranksaitdsymbols within the deck will be within
the defined region of interest 504 even if the tmee of the rank and suit symbols may vary
somewhat.

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

system 400 in the calibration mode to generateenasiages 413, 415, or during the card
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recognition mode to identify unknown cards of tpatticular deck type, as discussed in more
detail below.

[0099] The parameters stored in the automatically gengiakbration file 433
may include measurements for the rank area 508 fraight and rank width) and the suit
area 510 (suit height and suit width), and the measents and coordinates for the region of
interest 504, as well as additional parametersipuely discussed with respect to FIG. 5.
The calibration file 433 may be stored in memorg 48thin the main control system 412.
Storing the calibration file 433 in memory 432 bé&tmain control system 412 may include
storing the calibration file 433 in a subdirectéoy the particular deck or deck type that is
used to tune the card processing system 400. dltwation file 433 may further include
other parameters that may be used by the cardmiimygprocessor 414 in generating master

images, cropping unknown images, or for other nesiss discussed above.

Calibration M ode in Oper ation: Automatic Gener ation of M aster | mages

[00100] FIG. 7 is a flowchart 700 illustrating a method g@mnerating master images
according to an embodiment of the present disctoslihe method of FIG. 7 is described
with reference to the card processing system 40®@f 4 and the raw image 417 of FIG. 5.
The calibration mode may be employed to tune tiheé peocessing system 400 for use with a
particular deck of cards. Using the calibratide #33, the card recognition processor 414
(or, alternatively, the processor 430 of the maintm| system 412) may process the raw
images 417 stored in the memory device 418 to géméine master images 413, 415 for that
specific deck type to be used in the card recagmitnode of the card processing system 400.

[00101] For the flowchart 700, it is presumed that a calion file 433 has already
been created, such as by the method of FIG. @her snethods described herein. For
example, the calibration file 433 may be automdticaeated using image processing
methods to locate rank and suit symbols in theinaages 417 and determine parameters
(e.g., rank area 508, suit area 510, region ofésteb04, etc.) regarding measurements of the
rank and suit symbols. These parameters, alorgotliter parameters discussed above, may
be included with the calibration file 433 that niag/stored in the deck library 434 of the file
system 431 maintained by the main control systeth 41

[00102] At operation 710, the raw images 417 may be loadtedthe main control
system 412 and/or the card recognition processtr #lthe raw images 417 are already

stored in the memory device 418, the raw imagesMday be retrieved from the memory
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device 418. Thus, the raw images 417 used to gendre master images 413, 415 may be
the same raw images 417 that were used in theaasdty automatically generating the
calibration file 433. If the raw images 417 are stored in the memory device 418, a deck
of the same deck type may be read by the card gsogesystem 400 so that new raw images
417 may be generated and loaded.

[00103] At operation 720, the raw images 417 may be coaddnd the master
images 413, 415. For example, the card recognitionessor 414 may convert the raw
images 417 to the master images 413, 415. Incpédati the card recognition processor 414
may receive and crop the raw images 417 accorditiget parameters previously stored in
the calibration file 433 to automatically generatemaster rank image 413 and the master suit
image 415 for the card 506.

[00104] For example, FIGS. 8A through 8C illustrate a psscef generating the
master rank image 413 and the master suit imagdrdabthe raw image 417 according to
the parameters stored in the calibration file 488.shown in FIG. 8A, the first cropping of
the raw image 417 may be to limit a processed ing&feof the card 506 (seven of diamonds
shown in FIG. 8A) to have an area that is deterthimethe region of interest 704 stored in
the calibration file 433. The processed image &@@fwvn in FIG. 8A may have been
generated from the raw image 417. For exampleptbeessed image 800 may be a black
and white image, whereas the original raw imagemay have been a grayscale image or a
color image.

[00105] As shown in FIGS. 8B and 8C, the secondary cropipiclgdes cropping
the processed image 800 of FIG. 8A to generatentigter images 413, 415. For example,
the master rank image 413 may be the result ofpongpthe processed image 800 according
to the parameters of the calibration file 433 t@mtespond to the rank area 508. The master
suit image 415 may be the result of cropping tlee@ssed image 800 according to the
parameters of the calibration file 433 that coroespto the suit area 510. In other words, the
card recognition processor 414 may crop the ravg@aal7 according to stored region of
interest 504, rank area 508, suit area 510 to gemeeparate master images 413, 415 for the
rank and the suit of the card. The other pararmééeg., offset values) stored in the
calibration file 433 may assist in locating thek@amd suits so that the application of the rank
area 508 and suit area 510 parameters may resulster images 413, 415 that contain the
entirety of the rank and suit, along with the degialignment. Although FIGS. 8B and 8C
show the rank and suit to be shifted to the left apper edges of the rank area 508 and the
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suit area 510, there may be some padding (i.etevgpace) on each edge. In order to
maintain a consistent location of the rank andisuihe master images 413, 415, the rank and
suit may be shifted toward one of the corners as/sh

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

[00107] Referring again to FIG. 7, at operation 730, thesteraimages 413, 415 may
be stored in the appropriate deck library 434 togewith the corresponding calibration file
433, deck name file 435, and other related filélse master images 413, 415 may be stored
as image files (e.g., bitmap files) in the deckdily 434 of the file system 431 of the main
control system 412. The master images 413, 415forther be loaded into the memory of
the card recognition processor 414 for comparisibin the unknown images 411 during card
recognition mode. The master images 413, 415 raageparate files stored in the same
subdirectory of the file system as the calibrafitn433 (e.g., a text file). In some
embodiments, the calibration file 433 may be coradim a file with the master images 413,
415 such that a single file may include image daththe calibration parameters.

[00108] In a standard deck of cards, 18 master images/B3may be stored: one
master rank image 413 for each rank (2-10, J, @)Kand one master suit image 415 for
each suit (Heart, Diamond, Club, Spade), as wedl msster image for a joker. The master
image for a joker may be stored as a rank. Ofrabsls may also be printed on the face of
some of the cards. For example, a “Wagner” synshalspecial symbol printed on some of
the cards for a deck that is used in certain cardegs in order to assist in game play. For
example, a Wagner symbol is typically useful duttiackjack by being printed on the face
of each card having a value of ten (i.e., eachab@,rJack rank, Queen rank, King rank) and
eleven (i.e., each Ace rank) to assist with themeinhation that the dealer has a “21.” The
Wagner symbol is often a polygon shape that istémthetween the rank and the top of the
card. A master image for a Wagner symbol may bated and stored, while in some
embodiments the Wagner symbol may simply be ignbyethe main control system 412.
Other special symbols may also be treated similarly

[00109] At operation 740, the master images 413, 415 mdinked with the correct

rank and suit such that the card processing syd@may know which master image 413,
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415 corresponds to the correct rank and suit. Wihertink between the master images 413,
415 and the correct rank and suit are establighedink may be known by the card
processing system 400, such as by creating anltkei calibration file 433, by storing the
information in another file in the deck library 43% by some other suitable method. The
files for the master images 413, 415 may be namece(named) to have an identifier (e.g.,
name, number, etc.) that indicates what the rarskibis for each master image 413, 415.

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

[00111] In other embodiments, the deck may not be requadet in any particular
order when generating the master images 413, #hb.card processing system 400 may be
configured to make the proper links between thetenasiages 413, 415 and the correct
ranks and suits even with an unsorted deck. The owatrol system 412 may perform
additional image processing on the master imag&s445 in order to determine which rank
or suit should be linked to each master image 418, Of course, at this point the master
images 413, 415 are not linked to any particulak i@ar suit, and the actual identity of the
master image 413, 415 may not yet be known to thi@ kontrol system 412.

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

[00113] FIGS. 8D and 8E show an example of how the mastages 413, 415 may
be normalized to form normalized master images,/41%°. Referring to FIG. 8D, the 7
rank may be normalized by cropping the master mardge 413 so that there is at least one

black pixel from the 7 rank along the outer boralethe cropped image (represented by box
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802). The cropped rank image may be expandeatoenon image size (e.g., rank area
508) as indicated by the arrows shown in FIG. be other master rank images 413 may be
normalized in a similar manner. Referring to F8&, the diamond suit may be normalized
by cropping the master suit image 415 so that tiseae least one black pixel from the
diamond suit along the outer border of the croppeabe (represented by box 804). The
cropped rank image may be expanded to a commoreisiag (e.g., suit area 510) as
indicated by the arrows shown in FIG. 8E. The othaster suit images 415 may be
normalized in a similar manner. The normalizedterasnk and suit images 413", 415" may
appear to be somewhat “bloated” in comparison éonaster rank and suit images 413, 415.
It should be understood that the normalized im&ye$-, ... Dy of the combined deck sub-
directories 440 may be normalized in a similar neriraving a common image size as the
normalized master rank and suit images 413", 415".

[00114] To link the master images 413, 415 to the apprtrank and suit during
tuning, the normalized master images 413", 415" beayompared with the normalized
images DB, Dy, ... Dy of the combined deck sub-directories 440. Thepammon of the
normalized master images 413", 415" with the namedlimages B D, ... Dy of the
combined deck sub-directories 440 may be perforbyeal pixel to pixel comparison (e.g., X-
OR comparison) to arrive at a score that is usetttermine whether a match occurs. For
example, referring again to FIG. 4, an unknown radired master rank image 413" may be
compared to the normalized images D, ... Dy of a first combined deck sub-directory 440
(e.g., all 2 ranks stored therein) to producest ficore. The first score may be a combined
score for all 2 ranks of the sub-directory 440 phaality of individual scores for each
normalized images DD, ... Dy, The unknown normalized master rank image 413" may
then be compared with the normalized imaged, ... Dy for each of the remaining
combined deck sub-directories 440 (e.g., as a ltopjoduce the scores for each of them.
The highest score produced may indicate the ideotithe unknown normalized master rank
image 413". An unknown master suit image 415" hkayvise be compared with the
appropriate combined deck sub-directories 440 ddyre a score that indicates the identity
of the master suit image 415".

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

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

[00116] In some embodiments using normalized images, thdespand clubs may
appear somewhat similar such that false identiicatmay occur. In some embodiments,
the normalized images;PD., ... Dy of the combined deck sub-directories 440 may be
altered somewhat to further distinguish the twaesypf suits. For example, the normalized
images D, Dy, ... Dy of the combined deck sub-directories 440 thatesmond to the clubs
may have a circle (or other shape) drawn withirheE#dhe leaves. During tuning, the
unknown master suit images 415 that correspontutisenay be identified in an alternative
method, such as counting pixels across a diffgyatit (e.g., a 45 degree line from the middle
left side of the image to the middle top side @ itmage) that will identify the different
shapes of the club versus the spade.

[00117] In some embodiments, the master images 413, 41%magmpared with
each other to determine secondary relationshipgdast master images 413, 415 and identify
the correct rank and suit for each master image 413. The method of comparison
includes determining a score, which may be reptesdoy a number (or percentage) of
matched pixels or a number (or percentage) of ucimeal pixels. In some embodiments, the
method of comparing may include comparing a shdpe @dge of a symbol, or other
methods of comparison. By comparing master imdgd8s 415, the correct rank and suit for
each master images 413, 415 determined indirerctiy bther its relationship with other
master images 413, 415. For example, the mastagam413, 415 may be compared with
each other to obtain a score. The score may loedagation of how similar or dissimilar
each master image 413, 415 is to each other.

[00118] As an example, a first master rank image 413 ispaved with a second
master rank image 413, the first master rank inddgeis then compared with a third master
rank image 413, the first master image rank imdigeig then compared with a fourth master
rank image 413, and so on. As a result, a compaf each permutation of all master rank
images 413, and a score may be recorded for edshdnal permutation among the group of
master rank images 413. A similar comparison mepdrformed to obtain a score for a
comparison of each permutation of the master swages 415.

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

score resulting from a comparison of the A rank toedJ rank may be more similar to each
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other than the score resulting from a comparisah@fA rank and the 5 rank. In fact, each
rank may have a different rank that, when compayetts a closest secondary match
relative to its comparison with the other ranker &xample, for some decks, the following
table may represent the next best match for varanlks. The score represented in Table 1

below is a percentage of pixel matching as desgribbéurther detail below.

Table 1
Rank Next Best Match Rank  Score (%6)
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 iseaunderstood as an
example for one style of card deck. Similarly, sleeres shown in Table 1 may be
approximates. Of course, as decks may vary froenda@sign to the next, the next best match
and the score may also differ from one deck taiad. In addition, the analysis regarding
the secondary comparisons of master images 413né&ymlso consider the expected
matches beyond the next best match. In other wthrdsaccuracy may be improved if the
third best match, the fourth best match, etc. meagdnsidered.

[00121] In some embodiments, a specific master image 418y be used as a
baseline master image to determine the links fewther master images. For example, the

blob analysis may be used to identify a 10 rankdmrching for the unique characteristics of
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the 10 rank as discussed above. The master raageidl3 for the 10 rank may then be used
to compare with the unknown master rank images 4d&ther words, the 10 rank is
compared with an unknown master rank image 41®tai a first score, the 10 rank is
compared with another unknown master rank imag8galbbtain a second score, and so on.
Each rank may have a score that is different vagipect to a comparison with the 10 rank.
These different scores may correspond to a ranédbas the expected relative match to the
10 rank. The highest score resulting from usirgglth rank as a baseline master rank image
413 may be linked to the Queen rank (the closedthest match in this example). Once the
Queen rank has been identified, its master rangéndd 3 may be compared to the other
master rank images 413, from which the four rank beidentified as the highest score that
resulted from the comparisons with the Queen rakikalyzing these secondary relationships
in view of expected secondary relationships maylt@s the various master images 413, 415
being linked to the correct ranks and suits.

[00122] Other ranks may be used as the baseline mastemnaigie 413. In some
embodiments, the deck may be required to be onlyaig sorted, such as requiring the
technician to have a specific card as the firstl caad from the deck. For example, the
Queen of Hearts may be required to be the firgt oead from the deck. The master images
413, 415 for the Queen rank and the Hearts suittimaty be used as the baseline master rank
image 413 similar to the process described abavediog the 10 rank.

[00123] In other embodiments, secondary analysis may be tasgetermine the
identity of the suit for the master suit image 44i5;h as analyzing the curvature of the suit
shapes or from comparisons of the other masteimsaijes 415 to determine the identity
from secondary relationships of non-matching mastages. Such secondary analysis may
be beneficial for situations when the deck mayb®sorted in any particular order. Such
secondary analysis may also be performed for edesons, such as to verify the order of a
sorted deck (e.qg., the system may still requirerted deck, but these secondary relationships
may provide a way to alert the operator that thekadeas not sorted properly), verify a
correct deck (e.g., 52 unique cards exist), aniiyveuality of the total scan (e.g., identify
dirty cards). For example, even in the situatibhaving a pre-sorted deck, secondary
verification may be desired to determine whetherttming process was correct. One
example may include comparing master images 4138with each other to determine
secondary relationships. For example, such secpmditionships may identify incorrect

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

[00124] Once the master images 413, 415 have been creadqu@perly linked with
the correct ranks and suits, the card processistgisy400 may be said to be “calibrated” or
“tuned” as to the particular deck type.

[00125] In some embodiments, only a selected portion ofdlaeimages 417 may be
fed back from the memory device 418 into the cambgnition processor 414 for generating
the master images 413, 415. In some embodimemlispae image for each rank from one
of the suits may be used to generate the masteimayges 413. For example, the Ace of
Diamonds may be used to obtain the master imagediwith the Ace rank, while the other
Ace ranks (e.g., Ace of Spades, Ace of Hearts, &c@lubs) may be ignored. The master
rank images 413 for the other ranks may be gergenata similar manner. While generating
the master images 413, 415 for the ranks, certaithicmages 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 tosebtain a master
image 413, 415 for each rank and suit. As a reauydturality of master images 413, 415 may
be generated for each rank and suit. For exarfgale separate master rank images 413 may
be created for the Ace rank (i.e., one Ace imagmfa card for each suit). The main control
system 412 may then analyze each of the mastelimaades 413 for that rank to determine
which of the master rank images 413 is desirecetaded as the ultimate master rank image
413 during the card recognition mode. In otherdspthe main control system 412 may
choose what it considers “the best” image from agreplurality of images to select the
master image 413, 415 for a particular rank or. stiite best image may be determined by
comparing against each of the other master imatf@s#L5 to obtain a score that is most
dissimilar to the other master images 413, 415diffarent type so that the separation
between master images 413, 415 is the greatestexample, each of the master rank images
413 from a single rank (e.qg., four different Aceages) may be compared to the master rank
images 413 of the other ranks (e.g., 2-10, J, Q,Kje Ace image (from among all Ace
images) that provides the most dissimilar scorenndmmpared with the images from the

other ranks may be Ace image selected for the messt& image 413 for the Ace rank.
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Other factors or determinations may be used focpatribute to, the determination of which
master image 413, 415 is to be used as the masagei413, 415 for a particular rank or suit.

[00127] In some environments, the main control system 442 employ OCR
techniques to recognize the identity of the corrank or suit of the each master image 413,
415 from contours identified in the master image3,4115 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 seriesuaf tnages 900A, 900B,
and 900C that illustrate a method for generatingterdmages by finding and filling
contours according to another embodiment of thelalsire. A contour is a line that
identifies an edge of a white area within the dgardge that is not connected to any other
white area within the card image.

[00129] As discussed above, the grayscale image from amage 417 may be
converted to a black and white image. In some @imbents (e.g., as is shown in FIGS. 8A-
8C) the card area may be white and the ranks datelreay be black. In some embodiments,
these white and black regions may be inverteds #sei case for the images in FIGS. 9A-9C
and 10A-10B. Referring again to FIG. 9A, contowmay be identified by an image
processing analysis program (e.g., OpenCV), suattlie white area from the Jack rank and
the diamond suit stands out from the black aregh®icard background. Other white space
is filled, which may occur in stages, as shownl@$: 9B and 9C. The resulting image that
includes both the rank and the suit depicted irtevhas the remainder of the image depicted
in black, which may provide further contrast anghiove subsequent analysis on the master
rank images and master suit images that are gexerat

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

[00131] The image in the lower left corner of each of tiedgram groups 1000,
1100 is the master image 413, 415 that is unknaowit@ be determined. The image 1001 in
the upper left corner of each of the histogram gsol000, 1100 is a sum (a humerical count)

of the white pixels along each column of the masterge 413, 415 (i.e., a vertical
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histogram). In other words, the white pixels ig thist column of pixels of the master image
413, 415 may be counted, with the sum being reptedeéby the number of pixels in the light
region of the first column of the image 1001. Toeresponding dark region of the first
column of the image 1001 may represent the suntagklpixels in the first column of pixels
of the master image 413, 415.

[00132] The image 1002 in the lower right corner of eacthefhistogram groups
1000, 1100 is a sum of the white pixels along eashof the master image 413, 415 (i.e., a
horizontal histogram). In other words, the whitegfs in the first row of pixels of the master
image 413, 415 may be counted, with the sum b&pgesented by the number of pixels in
the light region of the first column of the imag@02. The corresponding dark region of the
first row of the image 1002 may represent the stisiaxk pixels in the first row of pixels of
the master image 413, 415.

[00133] The image 1003 in the upper right corner of eadmethistogram groups
1000, 1100 is a low resolution image (e.g., 5x®pinf the master image 413, 415. The
images 1001, 1002, 1003 may be compared with puev@CR results of other normalized
rank and suit images for one or more deck typeketermine the correct rank or suit of the

master images 413, 415.

Card Recognition M ode Oper ation
[00134] FIG. 12 is a flowchart 1200 illustrating a method determining the identity

of unknown images according to an embodiment optiesent disclosure. The method of
FIG. 12 is described with reference to the card@ssing system 400 of FIG. 4 and the raw
image 417 of FIG. 5. The card recognition mode m&gmployed to operate the card
processing system 400 that has been tuned to aofieekds to recognize the identity of
unknown cards as the cards pass through the cadlilhg device. Using the calibration file
433, the card recognition processor 414 (or, adtitraly, the processor 430 of the main
control system 412) may process the unknown imagé&go be compared with the master
images 413, 415 for determining a match.

[00135] At operation 1210, the card recognition procesddrdhay be initialized by
loading the calibration file 433 and the mastergesm413, 415 into the card recognition
processor 414 from the appropriate deck library #84he deck type being used. The
operator (e.g., dealer) may select the appropdets type (corresponding to the deck name

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

[00136] At operation 1220, an unknown image 411 may beucagdt For example,
the dealer may place the deck into the card hagpdi@vice for shuffling, for dealing, etc.
Each time a card is moved past the card presesbsdf0, the imaging device 416 may
capture an unknown image 411 of the card responsitree trigger signal from the card
present sensor 420. Unknown images 411 may bereabtiuring 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 bevedad from a raw
image to generate unknown rank and suit imagesgulke parameters (e.g., the region of
interest 504, rank area 508, suit area 510, etmn) the calibration file 433, the card
recognition processor 414 may generate an unknamkiimage and an unknown suit image
from the unknown image 411. Generating an unkn@mk image and an unknown suit
image may mean generating separate files fromrikeawn image, but also embodiments in
which boundaries for the rank and suit areas anglgidefined within the unknown image
411 so that any further comparison is limited tthw the defined boundaries. Because the
parameters in the calibration file 433 were alsedu® generate the master images 413, 415,
the unknown rank image and the master rank imagigsay be the same size (i.e.,
dimensions), and the unknown suit image and theéenasit images 415 may be the same
size. When the unknown image 411 is captured¢ding recognition processor 414 may also
convert the unknown image 411 from a grayscale entag black and white image.

[00138] At operation 1240, the unknown image 411 (e.g.utllenown rank and suit
images) may be compared to the master images 453, Bhe comparison may be based on
comparing pixel to pixel of each file to generatoarelation score. The score may be
represented as a number of pixels, a percentagieedf, or other suitable form. In another
embodiment, each master image may be scanned aclaggr unknown image 411 to
determine a plurality of scores that may be usatktermine if a match exists. In some
embodiments, contours may be determined and armhilygag an OCR method.

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

the ranks (2-10, J, Q, K, A). The card recognipoocessor 414 may also compare the
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unknown suit image (e.g., a separate image oriaeteboundary around the suit) against
each of the four master images for the suits (Dianéleart, Spade, Club). Based on the
results of these comparisons, the card recognitionessor 414 may determine the identity
of the card by selecting the symbols with the higltegree of correlation. The card
recognition processor 414 may perform a pluralitprocesses that at least partially overlap
in time. As a result, the unknown image 411 magdmpared with a plurality of different
master images 413, 415 at the same time.

[00140] In one embodiment, the comparison may include comgahe unknown
image 411 and the master images 413, 415 pixgisxey across each row of each image
array. For example, the card recognition proceésdrmay perform an inverted XOR
operation of the corresponding pixels of the unkmanvage 411 and one of the master
images 413, 415. In another embodiment, the casgramay include comparing cross
correlation values of matrices from the master indfj3, 415 and the unknown image 411.
Such a cross correlation function may, howevenjireca larger amount of computational
resources than embodiments that include a mordeisymmation.

[00141] At operation 1250, a match is determined baseth@ms¢ore. For example,
the result of the inverted XOR operation may be rsoh to obtain a score (e.g., a numeric
sum). For example, a black pixel (1) compared waitilack pixel (1) may add to the score, a
white pixel (0) compared with a white pixel (0) magd to the score, while a black pixel (1)
compared with a white pixel (0) may not add tosbere. A larger score may indicate a
greater number of matching pixels. The score neagebresented as a raw number of
matching pixels or as a percentage of the totalbasrof pixels of the images. For example,
a score of 100% may be a perfect pixel to pixelamatf the unknown image and a master
image. Of course, a perfect match may not be redde to expect, and a match may still be
found for a score having a percentage less that#108s a result, a minimum threshold may
be set for what the card processing system 400cmiagider a match. In some embodiments,
the inverted XOR operation may be implemented ashan logic operation. In some
embodiments, like pixels may be added and dissirpil@els may be not counted, while in
other embodiments, dissimilar pixels may be adaebithen subtracted from the total number
of pixels to determine the score. In addition, s@mbodiments may include counting the
number of pixels that do not match and using theski score below some threshold for non-

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

[00143] In some embodiments, the card handling device mepfay an image of the
card acquired by the imaging device 416 on a dyspévice of the card handling device.
Such an image displayed on the display device maydwed by the operator for verification
that the valid card ID is the correct determinatimnas a way to see an image of the card that
produced an error indication.

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

[00145] FIGS. 13A, 13B, and 13C show a processed imageAL38D0B, 1300C of
a card 1306A, 1306B, 1306C, in which the imagingcke416 (FIG. 4) had experienced dust
build-up on the lens. Dust may accumulate onehs lith use of the card handling device.
For example, FIG. 13A is an example of dust bujdatter a first number cycles, FIG. 13B
is an example of dust build-up after a greater nremalgcles, and FIG. 13C is an example of
dust build-up after many additional cycles.

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

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

[00147] The card recognition processor 414 (FIG. 4) magdrdigured to correct
for dust build-up. In one embodiment, rather thatting a fixed threshold used to convert a
grayscale image to a black and white image, thesttold value may be dynamically changed
over time to compensate for dust build-up. Asxameple, the threshold may change to have
different levels over time. The threshold may bedito convert the grayscale image to a
black and white image during the calibration modibe threshold may be set to a first level
during calibration mode, and to a second levelrdpdard recognition mode. As an example,
the dynamic changes (from the first level to theosel level) may be performed to
compensate for changes in lighting conditionds &lso contemplated that the dynamic
changes may be based on other conditions. In somb@diments, the number of cycles may
be counted and the threshold may dynamically charitpethe number of cycles. In some
embodiments, one or more data filters may be eneplay further improve the processed
image during conversion from grayscale to a blaukwhite image.

[00148] FIGS. 14A and 14B illustrate a problem of incorhgeplitting an image that
may arise during calibration mode and/or card raitagn mode. In particular, incorrectly
splitting an image may often occur when the imaglagice 416 (FIG. 4) is not clean or if
the actual card itself has a mark. As a resutemish 1401 may appear on an image 1400
that is used to generate master images 413, 4Tal{bration mode) or the unknown images
411 (in card recognition mode) for the card 14Q@yéver, it may be more likely for a card
to have a blemish 1401 during card recognition mbeéeause of the repeated use of the card
over time).

[00149] The blemish 1401 may be mistaken for either th& marsuit, often because
the card recognition processor 414 may first lamkitie split between the rank and suit as a
starting point in the analysis. As shown in FI@Althe card recognition processor 414 may
mistake a space between the blemish 1401 andrkeasathe split point. As a result, the
card recognition processor 414 may generate tfaizec image as the master rank image
413 during the calibration mode (or as the unkneoavik image during the card recognition
mode) based on the either the rank area 508 iodliteration file. The localized image,
however, does not include the proper portion ofitieége 900 that includes the entire rank.

[00150] In some embodiments, the card recognition procekbbmay not create the

unknown images 411 based on finding a split betwiemank and suit symbols. Rather,
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during the card recognition mode, the card recagmjprocessor 414 may compare the
master images 413, 415 to the entire unknown irddderather than first generating a
smaller localized image of just the rank or the.sin other words, the entire field of view

(or a portion thereof) that includes both the ranHl the suit for the unknown image may be
used for comparison with the master images 413, #kba result the unknown image 411
may be larger than the master images 413, 41Sudh an embodiment, the card recognition
processor 414 may perform a plurality of comparssoheach master image 413, 415 and the
unknown image 411 by scanning the master image4tiBacross the unknown in an
overlapping manner. For example, the master idd8e 415 may begin this comparison in
the top left corner of the unknown image 411 arahsacross pixel by pixel to the top right
corner. The master image 413, 415 may then be dndown a row of pixels moving along
the pixels of that row, and so on. If at some pdiming this scanning, a score results in a
match, the card may be identified.

[00151] FIGS. 15A, 15B illustrate an issue that may aribemvcapturing an image
using uneven illumination and fisheye distortidfiG. 15A is a raw image 1500A using a
grid for illustration. FIG. 15B is a processed gadl500B showing the grid after conversion
from grayscale to black and white. As shown in FI6A and 15B, uneven lighting may
cause some portions of the raw image 1500A to apfseré when they are actually white.

As a result, recognition may not be as accurateaadower score when comparing images,
or for more serious problems such as incorrectisgi(FIGS. 14A, 14B).

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

[00153] FIGS. 16A, 16B, 16C are raw images 1600A, 1600B0G5from the
imaging device 416 (FIG. 4) of a card handling dewshowing fish eye distortion caused by
the imaging device 416. In some embodiments, shst@nces between the lens and the card
caused by very small spaces within the card hagdlavice and proximity of the imaging

device 416 to the card may require a fisheye leretused with the imaging device 416.
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The fisheye lens may provide a wide field of view the imaging device 416 that is
sufficient to view the rank and suit for differegpes of cards. For example, some decks
may have relatively large ranks and suits that tgka large area of the corner of the card. In
addition, the location of the rank and suit mayvaom one deck to another.

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

[00155] FIGS. 16B and 16C are raw images 1600B, 1600C tekinthe imaging
device 416 with a lens having fisheye distorti®hen comparing the diamond suits in FIG.
16B and 16C, it can be seen that the shapes adiidheond suits vary because of the different
placement of the diamond suits within the fieldsigiw of the imaging device 416. For
example, the diamond suit in FIG. 11B is smallantthe diamond suit in FIG. 11C because
it is located further from the center of the fielidview. In addition, the Ace (A) rank in FIG.
11B is mostly centered within the field of viewh& King (K) rank in FIG. 16C, however, is
off-center and is smaller near the top of the remkpared with the bottom of the rank. As a
result, the more distortion experienced by the saankd suits in an image, the greater the
effect the distortion may have for the score friwe tcomparison with the master images 413,
415 for the ranks and suits when determining tmé . In some situations, fisheye
distortion has caused a misidentification of theld® (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 begumed to correct for
such fisheye distortion. In other words, the fighdistortion may be reduced, such as by
stretching the distorted image. In some embodigs)e¢hé image pixels may be translated
from the raw image 1600A, 1600B, 1600C to a coegcaw image according to a correction
table (i.e., look-up table). In some embodimetfis,image pixels may be mathematically
translated from the raw image to a corrected raagin

[00157] FIGS. 17A, 17B, 17C are images 1700A, 1700B, 17fa®d@vhich the
fisheye distortion has been reduced through mattieahatretching of the distorted image.

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

[00158] Additional embodiments include:

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

[00160] Embodiment 2. The method of Embodiment 1, wheaeiiomatically
generating the calibration file comprises identityia location and at least one parameter
associated with a region of interest that is re¢dyilarger than the rank area and the suit area,
the method further comprising storing the locatiowl the at least one parameter associated
with the region of interest in the calibration file

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

[00162] Embodiment 4. The method of Embodiment 3, wheidentifying at least
one parameter associated with the rank area ingludientifying a at least one parameter
associated with a plurality of rank areas fromgheality of different cards; and selecting the
at least one parameter associated with the rarktanaclude a rank width parameter having
a number of pixels representative of a width teat widest dimension from the plurality of
rank areas, and to include a rank depth paramateéndna number of pixels representative of
a depth that is a longest dimension from the piyraf rank areas.

[00163] Embodiment 5. The method of Embodiment 3, wheidentifying at least
one parameter associated with the suit area insludentifying at least one parameter
associated with a plurality of suit areas frompheality of different cards; and selecting at

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

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

[00165] Embodiment 7. A method of automatically generating or more deck
libraries for one or more decks of cards, the maéttmmprising: using a processor to
automatically generate a first calibration file atit user input in identifying at least one
parameter associated with a rank area and atdeagtarameter associated with a suit area
for a first deck type of cards, the calibratior fihcluding the parameters associated with the
rank area and the suit area; storing the firsbeatiion file in a first deck library for the first
deck type; using the processor to automaticallyeggie a plurality of master images for the
cards of the first deck type using the parameters the calibration file; and storing the
plurality of master images for the cards of thetfdeck type in the first deck library.

[00166] Embodiment 8. The method of Embodiment 7, furt@nprising: using the
processor to automatically generate a second atibibrfile for a second deck type of cards;
storing the second calibration file in a secondkdixrary for the second deck type; using the
processor to automatically generate a second pjucdlmaster images for the cards of the
second deck type using the parameters from thendezadibration file; and storing the
second plurality of master images for the cardhefsecond deck type in the deck library.

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

[00168] Embodiment 10. The method of Embodiment 9, whdieking each
master image of the plurality of master imagesudes linking each master image according
to an expected order that the cards were readiintod handling device.

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

[00170] Embodiment 12. The method of Embodiment 11, windieking each
master image of the plurality of master imagesudet performing optical character

recognition to each master image.
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[00171] Embodiment 13. The method of Embodiment 11, windmeking each
master image of the plurality of master imagesudeks comparing each master image of the
plurality of master images with a set of imagesfra plurality of different deck types.

[00172] Embodiment 14. The method of Embodiment 11, windieking each
master image of the plurality of master imagesudeks comparing a normalized version of
each master image of the plurality of master imag#sa set of normalized images from a
plurality of different deck types.

[00173] Embodiment 15. The method of Embodiment 14, wineremparing a
normalized version of each master image of theafityrof master images with a set of
normalized images from a plurality of different Begpes includes performing a pixel by
pixel comparison.

[00174] Embodiment 16. The method of Embodiment 15, wingoerforming a
pixel by pixel comparison further includes compgranmiddle pixel with at least one
additional neighboring pixel.

[00175] Embodiment 17. The method of any of Embodimertte@ugh 16, wherein
identifying at least one parameter associated avittnk area and at least one parameter
associated with a suit area for a first deck typeaods includes performing a blob analysis to
locate a rank and a suit for a card of the firetkdgpe within a region of interest.

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

[00177] Embodiment 19. A card processing apparatus, c@mgria memory
device; an imaging device operably coupled withrtteanory device, such that raw images
from the imaging device are stored in the memoryade and a main control system coupled
with the imaging device, wherein the main contgatem is configured to run an operating
system having a file directory system configuredttre a plurality of deck libraries for a
plurality of different deck types, wherein the maontrol system is configured to receive the
raw images from the memory device, automaticallyegate a calibration file having
parameters related to a rank area and a suit ar@adeck type.

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

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

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

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

[00182] Embodiment 24. The card processing apparatus @Eiment 22, wherein
the card recognition processor includes a fieldg@mmmable gate array.

[00183] Embodiment 25. The card processing apparatusyobEmbodiments 21
through 24, wherein the main control system is iguméd to link the plurality of master
images from an unsorted deck of cards with an gg@t® rank and suit.

[00184] Embodiment 26. The card processing apparatus @Eiment 25, wherein
the main control system is configured to link therality of master images from an unsorted
deck of cards with an appropriate rank and suigeyterating a normalized version of each
master image of the plurality of master images; @miparing the normalized version of
each master image of the plurality of master imagésa plurality of normalized images
corresponding to a plurality of different deck tgpe

[00185] While certain illustrative embodiments have beescdbed in connection
with the figures, those of ordinary skill in the ®iill recognize and appreciate that
embodiments of the disclosure are not limited tséhembodiments explicitly shown and
described herein. Rather, many additions, delstiand modifications to the embodiments
described herein may be made without departing ttescope of embodiments of the
disclosure as hereinafter claimed, including leggplivalents. In addition, features from one
embodiment may be combined with features of anath@odiment while still being

encompassed within the scope of the disclosuremgmplated by the inventor.
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CLAIMS

What is claimed is:

1. A method of automatically generating a calitmadtiile for a card handling
device, the method comprising:
capturing a raw image from at least a portion ol passing through a card handling
device; and
using a processor, automatically generating a redldn file stored in memory of a main
control system of the card handling device, wheaeitomatically generating the
calibration file comprises:
identifying at least one parameter associated avitink area around a rank of the at
least a portion of the card;
identifying at least one parameter associated avghit area around a suit of the at
least a portion of the card; and
storing the at least one parameter associatedtmathank area and the at least one

parameter associated with the suit area in thereaion file.

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

interest in the calibration file.

3. The method of claim 1, wherein capturing a naage includes capturing a
plurality of raw images from a plurality of differecards passing through the card handling
device.

4. The method of claim 3, wherein identifying adeone parameter associated
with the rank area includes:
identifying a at least one parameter associatel avilurality of rank areas from the plurality
of different cards; and
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selecting the at least one parameter associatédhatrank area to include a rank width
parameter having a number of pixels representafigewidth that is a widest
dimension from the plurality of rank areas, anthtdude a rank depth parameter
having a number of pixels representative of a dédmhis a longest dimension from

the plurality of rank areas.

5. The method of claim 3, wherein identifying aideone parameter associated

with the suit area includes:

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

selecting at least one parameter associated vathatik area to include a suit width
parameter having a number of pixels representafigewidth that is a widest
dimension from the plurality of suit areas, andhtdude a suit depth parameter
having a number of pixels representative of a dédmhis a longest dimension from

the plurality of suit areas.

6. The method of claim 1, further comprising stgrthe calibration file in a file

system of an operating system running on the psoces

7. A method of automatically generating one or naeek libraries for one or

more decks of cards, the method comprising:

using a processor to automatically generate adaidbration file without user input in
identifying at least one parameter associated avidink area and at least one
parameter associated with a suit area for a feskdype of cards, the calibration file
including the parameters associated with the rae& and the suit area;

storing the first calibration file in a first detikrary for the first deck type;

using the processor to automatically generate ialitjy of master images for the cards of the
first deck type using the parameters from the catflibn file; and

storing the plurality of master images for the sasfithe first deck type in the first deck

library.

8. The method of claim 7, further comprising:
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using the processor to automatically generate @nskecalibration file for a second deck type
of cards;

storing the second calibration file in a secondkdixrary for the second deck type;

using the processor to automatically generate anskplurality of master images for the
cards of the second deck type using the parametensthe second calibration file;
and

storing the second plurality of master images fierd¢ards of the second deck type in the deck

library.

9. The method of claim 7, further comprising linkieach master image of the

plurality of master images with an appropriate rankuit.

10.  The method of claim 9, wherein linking each r@asnage of the plurality of
master images includes linking each master imagerding to an expected order that the

cards were read into a card handling device.

11.  The method of claim 9, wherein linking each r@asnage of the plurality of

master images includes linking each master image & deck that is unsorted.

12. The method of claim 11, wherein linking eaclsteaimage of the plurality of

master images includes performing optical charaetswgnition to each master image.

13.  The method of claim 11, wherein linking eaclsteaimage of the plurality of
master images includes comparing each master iofate plurality of master images with a

set of images from a plurality of different deckésg.

14.  The method of claim 11, wherein linking eactsteaimage of the plurality of
master images includes comparing a normalized aeisi each master image of the plurality

of master images with a set of normalized images fa plurality of different deck types.

15.  The method of claim 14, wherein comparing anadized version of each
master image of the plurality of master images witfet of normalized images from a

plurality of different deck types includes perfongia pixel by pixel comparison.
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16. The method of claim 15, wherein performingepby pixel comparison

further includes comparing a middle pixel with st one additional neighboring pixel.

17.  The method of claim 7, wherein identifyingeddt one parameter associated
with a rank area and at least one parameter agsdeiéth a suit area for a first deck type of
cards includes performing a blob analysis to loeatenk and a suit for a card of the first

deck type within a region of interest.

18.  The method of claim 17, wherein performing@bldnalysis includes first
locating the 10 rank to determine a width for theeast one parameter associated with the

rank area.

19. A card processing apparatus, comprising:

a memory device;

an imaging device operably coupled with the mena®@yice, such that raw images from the
imaging device are stored in the memory device; and

a main control system coupled with the imaging deyvivherein the main control system is
configured to run an operating system having aditectory system configured to
store a plurality of deck libraries for a pluralaydifferent deck types, wherein the
main control system is configured to receive the irmaages from the memory device,
automatically generate a calibration file havinggpaeters related to a rank area and a

suit area for a deck type.

20.  The card processing apparatus of claim 19udmet a card shuffler housing

the memory device, the imaging device, and the w@itrol system.

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

according to the parameters of the calibration file

22.  The card processing apparatus of claim 21lhéatomprising a card

recognition processor configured to load the pityrahaster images and the calibration file
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from the main control system, and compare an unknavage from the imaging device with

the plurality of master images.

23.  The card processing apparatus of claim 22, eutaéine card recognition
processor is configured to compare the unknown @weith the plurality of master images
by comparing the unknown image with each mastegemaxel by pixel and sum the result

of the comparing.

24.  The card processing apparatus of claim 22, eutéine card recognition

processor includes a field-programmable gate array.

25.  The card processing apparatus of claim 21, eutnéine main control system is
configured to link the plurality of master imagesrh an unsorted deck of cards with an

appropriate rank and suit.

26.  The card processing apparatus of claim 25, @utéine main control system is
configured to link the plurality of master imagesrh an unsorted deck of cards with an
appropriate rank and suit by:

generating a normalized version of each masterenshdghe plurality of master

images; and

comparing the normalized version of each masteged the plurality of master

images with a plurality of normalized images copagling to a plurality of

different deck types.

27. A card recognition system, comprising:
an imaging device configured to capture a raw in@ga least a portion of a card; and
a processor operably coupled with the imaging de\ite processor configured to:
perform an image processing analysis of the ravgena identify measurements
related to at least one of a rank area aroundlkaafie card, and a suit area
around a suit of the card; and
automatically generate a calibration file basedeast in part, on the image

processing analysis.
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28. The card recognition system of claim 27, ferttomprising a memory
operably coupled with the imaging device, the mgmoonfigured to store a plurality of raw

images received from the imaging device.

29.  The card recognition system of claim 28, furttenfigured to organize the

plurality of raw images within the memory in theler received by the imaging device.

30.  The card recognition system of claim 27, whetlké processor is further
configured to store the calibration file in a subdtory of a file system, the subdirectory

corresponding to a particular deck type.

31.  The card recognition system of claim 27, whetké image processing

analysis includes a blob analysis of the raw image.

32.  The card recognition system of claim 31, whretlke blob analysis first
identifies a rank to obtain the measurements ofdh& area and then identifies a suit to

obtain the measurements of the suit area.

33.  The card recognition system of claim 32, whetlke blob analysis

specifically searches for a ten rank to obtainnfeasurements of the rank area.

34.  The card recognition system of claim 27, whetlke processor is further
configured to generate master images for eachaadlsuit of a deck of cards read by the

imaging device.

35.  The card recognition system of claim 34, whetlkeé processor is further

configured to associate the master images with tweresponding rank and suit.
36.  The card recognition system of claim 35, whetke processor is further

configured to associate the master images with degresponding rank and suit according to

an order in which the cards from the deck are nedy the imaging device.
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37.  The card recognition system of claim 35, whetlke processor is further
configured to associate the master images with dogresponding rank and suit for the deck

of cards without requiring a predetermined ordetlie@ deck of cards.

38.  The card recognition system of claim 37, whetlke processor is further
configured to associate the master images with dogresponding rank and suit for the deck
of cards by comparing the master images with etodr ¢o obtain scores that are compared

with scores for known secondary relationships betwdifferent master images.

39. A card handling device, comprising:
a card infeed;
a card output; and
a card recognition system, including:
an image sensor configured to capture an imagecafdpassing from the card infeed
to the card output; and
a card recognition processor configured to autazabyi generate a calibration file
using an image analysis process of the image alieration file including
measurements for at least one of a size of a nadlaauit symbol of the card

within the image.

40.  The card handling device of claim 39, wherb@dard recognition system
further includes control logic operably coupledhwiihe image sensor and configured to

receive the image from the image sensor.

41.  The card handling device of claim 40, wherb@dard recognition system
further includes a memory operably coupled withabetrol logic and the card recognition

processor, the memory configured to receive theya@rfeom the control logic.
42.  The card handling device of claim 40, wheramdontrol logic is configured

to generate a master image for at least one ahtileand the suit of the card within the

image.
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43. The card handling device of claim 42, wherbad¢ard recognition processor

is configured to store the master image and thbradibn file in a file system.

44.  The card handling device of claim 40, wherbadontrol logic is configured

to convert the image from a grayscale image t@akohnd white image.

45.  The card handling device of claim 44, wher@nwersion from the grayscale
image to the black and white image is based omesliold level that dynamically changes

over time.

46. The card handling device of claim 45, whethethreshold level dynamically

changes over time based on a change in lightinditons.

47.  The card handling device of claim 44, wherbmthreshold level is set at a

first level during a tuning mode and set at a sddewel during a card recognition mode.

48.  The card handling device of claim 40, wherb@imaging device includes a

fish-eye lens.

49.  The card handling device of claim 48, wheramd¢ontrol logic is configured
to compensate for the fish-eye distortion by tratsg) pixels in the image using a look-up
table.

50.  The card handling device of claim 48, wherad¢ontrol logic is configured

to compensate for the fish-eye distortion by mathtgeally translating pixels in the image.

51. A method for tuning a card handling device,rtiethod comprising:
capturing a plurality of images from a deck of sard
storing the images in memory;
analyzing the plurality of images for card idemiiion information; and
generating a calibration file including parametessociated with the card identification

information based on the analyzing.
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52. The method of claim 51, wherein analyzinggheality of images includes
locating blobs having a centroid and a location idedtifying the card identification

information within the blobs located.

53. The method of claim 52, further comprisingagng blobs that have a size
below a certain threshold and blobs that are |lacatgside of a desired region of the plurality

of images.

54. The method of claim 52, wherein identifying tard identification
information includes searching specifically throupgh plurality of images for a ten rank and

using the ten rank to determine the parameteiseicalibration file.

55. The method of claim 51, further comprisinggating a plurality of master

images from the plurality of images based on thramaters in the calibration file.

56.  The method of claim 55, further comprising assiting the plurality of master

images with an appropriate rank and suit.

57.  The method of claim 55, further comprising canpy master images of the

plurality of master images with each other to daetee secondary relationships.

58.  The method of claim 57, wherein comparing nrastages of the plurality of
master images with each other is performed asgparsecondary verification after
associating the plurality of images with an appieterrank and suit is performed from a pre-

sorted deck.

59.  The method of claim 51, wherein a parameténetalibration file defines a

region of interest of a smaller size than a fidldiew of an imaging device.

60. A method of automatically generating a caliorafile for identifying a
specific card type, the method comprising:
capturing a plurality of raw images from a declcafds;

storing the plurality of raw images in memory;
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identifying a size of each rank and suit symbadath stored raw image of the plurality;
storing a region of interest and symbol size infation in a calibration file for the plurality
of raw images;
converting a plurality of raw images into a plualbf master rank files and a plurality of
master suit files; and
storing the plurality of master rank files and gherality of master suit files corresponding to

a specific card type.

61. The method of claim 60, wherein identifyingzesof each rank and suit

symbol includes employing a blob analysis.

62. A method of identifying a card rank and stlie method comprising:
automatically creating a calibration file by:
capturing a plurality of raw images from a declcafds;
storing the plurality of raw images in memory;
identifying a size of each rank and suit symba¢ath stored raw image of the
plurality; and
storing a region of interest and rank and suit sylrstze information in the
calibration file for the plurality of raw imagesi@
generating a plurality of master rank files anduaglity of master suit files by:
converting a plurality of raw images into a plunalbf master rank files and a
plurality of master suit files; and
storing the plurality of master rank files and gherality of master suit files

corresponding to a specific card type.

63.  The method of claim 61, further comprising:
identifying at least one card by:
capturing at least one unknown image as a caraépalsough a card handling
device;
comparing at least a portion of the at least orleown image to one of the plurality
of master rank files and the plurality of mastat 8les; and

determine a match of a card identity based on eedcom the comparing.
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