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US 7,901

1

AUTOMATKB C;AMF. MONTfORINC;

CLAIM OI'RIORI'IY

This applicatiou. cl ums pnonty to U.S. Provisional Apph-
cation No. 60/568.977. entitled "AUTOMATL'D PLAYL'R
TRAC'KINCi AND ANAI YSIS SYSTFM AND MFTHOITL
filed on May 7. 2004, having inventors Louis Tmu, Nun
Banh. Craumv Dudhoria and Charles Dan: wluch is incor-
porated herein by rel'eren(w io

BAC'KGROUND OF TIIE IN%I:,NTION

1. Field of thc Invention
The present invention is directed to sigiuil processulg sys-

tcnls,
2. Description of tlm Related Art
Ci unbling activities and g uniu relate hack to the begin-

ning of recorded history. ('asino gambling lias since devel-
opod mto a multI-bdlion dollar worldwide uxlustry Typi- io
cally. casino gambluig consists of B casino accepting a wa er
from a player based on the outcome of B future event or the
play of an orgaiuzed gmne of shll or chance. Based on the
result of the event or game play. the casino either keeps the
wagcrormakcs sometypeofpnyouttotheplayer. Tlmevents "

ulclude sportin events wlule the casino games include black-
jack. poker, baccamt. craps, and roulette. 'Ihe casino games
are typically run by casino operators ((hick monitor mid track
the proaress of the game mid the players involved in the game.

Blackjack is a cnsino gnmc played with cards on a blnck- lo

Jack table. Players try to aclueu e a score derived fmin curds
dealt to them that is greater than the dealer's curd score. The
maxumml score that can be achieved is tlvmlty-mlc Tlm rules
of blackiack are knovn m the am

C'Bsino operators typically track players nt table gmnes
manuafly (lith paper and pencil IJsually, a pit mmlagcr
records a "buy-in", average bet. and the playuig ume ior each
nlted phayeu on paper A sepanatc data entry personnel then
enlers this data uito n coniputer The marketing und opera-
tions department can decide v;bather to "comp*' player with so

a free ludginn, or othenvi(v. provide some type of benefit to a

player to entice the player to gamble at the particular casino,
based on the player's cata. fhe current "comp** process is
labor intensive, mid it is prone to mismkcs

ProtL'cllonofgBulchltcgrltl'Is alsoiuluuportBBIconccrnof 1

gaming casinos. Detemiining whether a player or group of
players are uuplementing orchestmted methods that decrease
casino w irufings Is very unportmlt. I'or example, ui "Bringing
D(vwn Ihe FIOOSC'2 bv Ben lvlexrich, a team of MIT stud~ent~s

beat casinos by usulg "team play" over a penodofume. Other 0

methods of cheating casinos and other gaming entities
ulclude dealer-player collusion, hole card play. shufflc trnck-

ing. mid dealer dumping.
Automatic casino gaming monitoring sysmms should also

be flexible For exmuple, a ganung monitoring system shouki 1

be flexible so that it cml work with different types of games,
difli:rmit types of gaming picccs (such as cards and chips).
and in different cooditions (such ns different hghtiug envi-
ronnmntsj. A gaming monitoring system that nuist be used
with spLciflcaliv ilLsigucd gauuug plccLs ol Ideal lighting nl
conditions is undesirable as it is not flexible to different types
of casinos, or even different games and locations within a

single casulo.
WIIat is needed is a system to manage casino gaming in

terms ofgame tracking and gnmc protection. For purposes of I

uiteylty. acmlracy, Bnd efliciency. It would be desirable to
fulfill this need with an automatic system that requires mini-

,285 B2

mal human interaction. The system should be accurate in

extrncting data from a ganm in progress, expandable to meet
the needs of ganles having different numbers of players, and
flexiblc in the manner the extracted data mm bc maly/ed to

pnividc value to cnsuuia Bnd other gmning entities

SIJMMARY OF THF. INYFNTION

I'he teclulo logy herein, roughly descubed. perte uls to ml t-omatical ly monitoru
B game. A detcnnuratiOn ia made Ihat an

event has occurred by capturing the relevant actions and/or
results of relevmlt actions of one or morc pnrticipnnts (i.e,
one or more players und one or more game operators) in a

game. Actions and/or processes are then performLSI based on
thc occurrence of the event

A gtunP. Blonltouilg svs(PBI fol nloultoi'nig B giauc nlay
include a first camera one or more supplemental cameras Bnd

an image procensing engine Thc first canwra may bc directed
towards B game surface at a first angle from the game surface
and configureed to capture images of the ganw. surface. The
one or more supplemental cameras are directed towards the
ganle surface at a second angle from the genie surface and
configured to caphire images of the game surface Thc first
angle and the second Bn le may have a difference of at least
forty-five degrees in a vertical plane with respect to the game
surince. Thc image processulg engule may process the
unages captured of the game surface by the first camera and
thc onc or morc supplmncntal canwras

A method for monitoring a game be ins with receivulg
unage information associated with B veame environment.
Next. image infiinnation is processLSI to derive game infor-
matiml. The occurrence Ol'i event is then detemlined from
the game information. Finally, ml action is initiated respon-
sive to the cvcnb

BRIFF DFSCRIPTION OF THF. DRAWINGS

I'l(i. I ilfusrrates onc embodiment of B gmne monitoring
(',uvllollluCB(

FICi. 2 illustrates an embodiment of a game monitoring
system

FICi. 3 illustrates another embodiment of a game morutor-

hlg sv'slcnl.

FICJ. 4 iflustrates ml embodiment of a nwthod for monitor-

hlg Bl ganlC,
FICi. 5A iflusuates an example of an image of a blackjack

game enviromnent.
FIC(. 5B illustrates an embodiment of a player reveloil.

FICi. 5C Illustrates no other example o I'an image of a 6 lac k-

iack game environment
FICi. 6 illustrates one embodiment of B method for per-

forming B calibration process
FICi. 7A illustmtes one embodiment of a method for per-

forming card calibration
I'IG. 7B illustmtes one embodiment of a stacked uuage.
FICi. 8A illustmtes one embodiment of a method for per-

forming chip calibration
I'ICJ. 8B illustrates ulother embodiment of a method lor

performing chip calibration process
FICi. 8C'flustl'BILs Bu exaulplc ol li top view ol II chip
FIC(. 8D illustrates an example of a side view of a chip.
FI(i. 9A illustrates an exnmplc of nn image of chip stacks

for use in triangulation.
FICi. 9B illustrates miother example of an image of chip

stacks for usc in triangulation.
I'ICi. 10 illustmtes one embodiment ofB game environment

divided into a matrix of regions.
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I'Ni 11 illustrates one embodiment of a nwthod for per-
forming card recognition during gameplay.

FIG. 12 Illustrates one embodimet&t of a method for deter-
mining the mnk of a detected card.

I'ICI. 13 illustrates one embod&ment ofa method for detect-
inng a card and detemiining card rank.

FICI 14 illustrates onc cmbodiuIcut &1f a ale&bod for deter-
mining the contour of the card cluster

FIG. 15 illustrates one embodiment ofa method for detect-
Ing a c&il il edge w I&hin au In&age

FIG. 16 &llusuates mi example of enerated tmnce vectors
within an image

FNi. 17 illustrates ime example of detected &m&n&er points
on a card within an image.

FNI 10 illustrams ime embodiment of a method ol'deter-
mining tlm validity of a card

FICI. 19 illustmtes one example of corner and vector cal-
culations of a card i&itbin an image

FICi. 20 Illustrates one embodiment of a method for deter-
mining the mnk of a card.

FIG. 21 Illustrates one example of a constellauon of card
p&ps on a card 1& ithin an image.

FN). 22 illustrams onc mubodinmnt of illustrates one
embod&ment of a method for recoy&izing the contents of a

clup tray by well.
FICi. 23 illustrates one embod&ment ofa uwthod for detect-

u&g chips dunng game monitonng.
FNI 24A illustrates ono cmbodimcnt nf clustered pixel

group representing a w ageruig chip i&ithin an image
FIG. 24B illustmtes one embod&ment of a method for

sax&going chip deuonliuatiou and values
I'ICi. 25 illustrates another embodiment li&r performui

chip recognition.
FNi 26A illustmtcs one mnbodiment of a mapped chip

stack w tIhin an uuage.
FNi 26B illustnites m& example of a nuipping of a chip

stack in R(.&B space ivithut an image
I'NI. 26C illustmtes another example of a mapping of a

chip stack in RGB space ivithin an image
11G. 2 6 D Illustrates yet another example of a mappuig of a

cldp stack in RCIB space within an image.
FNi 27 illustrates one mnbodiment of ganw. monitoring

state machine.
FNi. 20 illustrates one embodiment ofa method for detect-

nug a stable ROI
FIG. 29 illustrates one embodiment of a method for deter-

mining whether chips are prcscnt in n chip ROI
FIG. 30A dlustrates one embodunent of a method for

determining whether a first card is present in a card ROI.
FICI'0Billustratesoneembodunentofamethodl'ordeter-

mining whether an add&t&onal card is present u& a card ROI.
I'Ni 31 illustrates onc embodi mont ofa n&ethod for detect-

ulg &I sph1,
FICI. 32 illa stmtes one embodiment ofa method for detect-

ulg oud ofplay ku' cu&rent plavcx
I'IG. 33 illustrates one embodunent of a method for mom-

toring dealer evm&ts within a game.
FNI'4 illustrates one cmbodin&ento 1'a method li&r detect-

ing dealer cards.
I'Ni. 35 illustmtes one embodimm&t ofa method for detect-

OI paIy&1ui.

DETAILED DESCRIPTION

'Ilm present invention provides a system and nmtlx&d ti&r

monitonng a arne, extracting player related aud game opera-
tor related data, and processing the data. In one embodiment,

thc present invention detennincs an event has occurred by
captunn the relevant act&ons andior the results of relevant
actions of one or more participm&ts ti.e., one or more players
and one or more game operators) in a game Actions and'or

s pmcesses are then performed based on the occurrence of the
event. The system and metlu&ds are flexible in tint they do not
require specuil gmning pieces to collect dat i. Rather, the
present u&vention &s calibrated to the particular ganung p&aces

and em'irnnment already used u& the ganm. Tlm data extracted
u& cm& be processed and presented to a&d ui game secunty, player

and game operator progress m&d lustory, determine trends,
maximize the inicgrity and drav, ol'casuu& gamew &md a wide
vsmety of other purposes. The data &s generally retrieved
through a series of images captured befi&re and during game
play.

L'xamples of casino games that can be monitored include
blackjack, poker, baccmut. roulette, and other nnnms For
purposes of discuss&on. &he present u&vcntion will bc
described with reference to a blacl jack game. 'linis, some

".n relevant player actions include wagcrin, splitting cards, dou-
bl&ng down, insunince. surrenderu&g and other actions. Rel-

evant operator actions in blackjack may include dealing
cards, d&spersing winmngs, and other act&ons. Part&c&pant

actions, determined events, and resulting actions performed
are discussed in morc detail below.

An embod&ment of a game moiutorin env&rotunent is
illustrated in VN). 1. Game monitoring environment includes

arne monuoring system 100 mui game surl'ace 130 System
100 &s used to mo&utor a game that &s played on game surface

&n 130 Cianw. monitoring system 100 includes lirst camera 110,
supplemenuil camera 120. computer 140, d&splay device 160
and storage dev&ce 150. Computer 140 &s connect&vely
coupled to tirst cmncra 110, supphnnmual cmnera 120, dis-

play dev&ce 160 and stomge dev&ce 150. I'irst c uuera 110 and
"» supplemm&tat camera 120 capture images of gaming surface

130 C&mnuig surl'acc 130 may include gaming pieces, such as
d&ce 132, cards 134, clups 136 and other gam&ng pieces.
Images capturcxt by tirst camera 110 and supplemental cam-
era 120 arc provided &o co&uputer 140 C'nmputer 140 pro-

xn ceases the images and provides information derived from the
images to be displayed on display device 160 Images and
other informat&on can be stored on storage device 150. In one
embodiment, computer 14U includes an image processor
engine tIPE) for processing images capturod by cameras 110
and 120 to derive game data. In another embodiment, one or
both of camems 110 and 120 include an IPF; for processing
uuages captured by the c uueras and for deriviag gmne data.
ln this case, the cmneras are interconnected via a w&red or
ivirelms transmissn&n m&xlium. This conuma&ice&ion hnk

o allows one camemn to process unages captured from both
cameras, or one camera to synchron&ze to the other camera, or
ouc canIci'a to &&et tws a alas&et'nil the other &Icts &ls &I shlvc to
denve tune data.

In onc embodiment. first camera 110 and supplemental
1 c&sue&a 120 ot'svstem 100 are positioned to alliwl an IPE to

uiangulate the position as well as determine the identity and
qumitity of cards, chipw dice and other game pieces ln onc
emlx&d&ment, iruingulat&on &s performed by capturu&g u&

image of game surface 130 from difTerent positions In the
01 embodiment shown. first cmncra 110 captures an image of a

top v&ew play&ng surface 130 spanning an angle H. Angle 0

may bc m&y angle as needed by the particulnr design of the
system. Supplemental camera 120 captures mi &nm e ofa s&de

view ofplaying surface 130 spanning an angle $ . The images
overlap fi&r surface portion 130 An IPF, within system 100
can then match pixels from ima es captured by tirst camera
I IU to pixels from images captured by supplemental camera
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120 to Bsccrmin game pieces 132. 134 mid 136. In one
embodiment, other camem positions can be used as well as
more cameras. For example. a supplemental camera can be
used to captnrc a portion of the gmne play surface nssociatcd
with each player. Tlus is discussed in more detail below. s

An embodiment of a game monitoring system 2UU is illus-
trated in I'ICi. 2. Game monitonng system 200 may be used to
implement system 100 of FIG. 1. System ZUU includes a first
camera 210, u plurality of supplemental vimv cameras 220, an

input device 230. computer 240. Local Area Network (LAN) l(1

250. storage device 262, markeung/operation station 264,
sin veil)unct.'tation 266, mid player database server 268

In one embodunetlt, iirst cmnera 210 pmvides data thniuc h

B C tuucrai lflk llttcffacc. A I Bnlci ail,llik t(l giga(«I Fthcrlmt
(Cibfi) converter 212 may be used to dehver a video sigiIBI

over larger distmlces to computer 240. The transmission
medium (type of trmmnission linc) to trnnsniit the video
signal fmm the first camera 210 to computer 240 may depend
on the particular system, conditions and design. and may
include analog lini:s, 10/100/1000/IOG Fthcrnet, Fire«irc «

over fiber, or other unplementations. In another embodiment
the tmnsmission medium nmy be wireless

Bit resolution of the first camera may be selected based on
the implementation of the system. For example. the bit reso-
lution may be about 8 bits/pixel. In some embodiments, the
spatial resolution of the camem is selected such that it is
slightly larger than the area to be monitored. In one embodi-
menu one spatial resolution is sixteen (16) pixels per inch.
though other spatial resolutions may reasonably be used as
well In this case. for a natilm canwra spatial resolution of I«

1280x)024 pixels, ao arcs ofapproxunntely eighty inches by
sixty-four inches (80" x64" ) u ill be covered and recorded and
area ol'approxinuucly seventy inches by forty inchis (70"x
40") will be processed.

llm sampling or fmme rate of the first canmra can be "»

sclcctcd base«I on the design ol'he system ln one mnbodw
ment, a fr uue mate of five or more fnsmes per second of raw
video can reliably detect clmnts and objects on a typical
casino game such m blacljtack. tlxmgh other fr«inc rate nray

reasonably be used as well. The mininuun bandwidth require- 4«

ment. BW, for tlm comniunication link fmm first cmnern 210
to computer 240 can be deternuned by figunnev the spatial
resolution, Ru nluitipfic«I by the pixel resolution. Re, multi-
plied by the frmims per scvond. fg.„„,, such that BW—Rsx

Rexfi „„„,. Thus, for a camera operating at eight pits per pixel 4

and tive frames per smond with 1280x800 pixel resolution,
the mini«nun be«du.idth requiremenl for the commulucation
link is (8 bits/pixel)(1200x800 pixels/frame)(5 f/s)—40 Mbs.
Clunera controls may be aillusteil to optimize image quabty
and sampling. Camem contmls as cmnem shutter speed, gain, o

dc offset can be adpisted by writing to the appropnute regis-
lers The ins of the lens can be ad)usted manunlly to n«idulatc
the amount of li ht that lut the sensor elements (CCD or
CMOS) of the cnmcra

In one embodiment. the supplemental muneras nnplement s

an Ikik k: 1394 protocol in isocluonous mode. In this case, the
supplemental came«i(s) clm lmvc a pixel resolutiim of 24-bit
ul RCiB format. a spatial resolution ol'640x480. and mipture
images at a rate of tive frames per second In one embodi-
mcnk supplemental camera controls c m be adjusted include ui
shutter speed, gain. and white balance to max«aire the dis-
tance benvemi chip denominations.

Input device 230 allows a game administrator. such as a pit
manager or dealer, to control the game monitoring process. In
onc embodiment, the gmne administrntor may miter ncw

player information, manage game cahbration. initiate and
nlanltanl ganlc nlonitollng aintl proci'.ss culrcnt gainc stBtcs.

This is discussed in more detail belolv. Input device 230 may
ulclude user interface (Ul), touch screen. magnetic card
reader, or some other input device.

C'mputer 240 rex«ives, processes, and provides data to
other components of the system. The server may include a

memory 241, including ROM 242 and RAM 243, input 244,
output 247, PCI slots, processor 245, aud media device 246
(such us a disk drive or CD drive). The computer may run an
operating systcnl inlplementcd with c(mlmcrcmlly available
or custom-built operatulg system soltware. RAM may store
software that implements the present invention and the
Opi:rat«m System Media device 246 may store sofiware that
nnplcnlcnts thc plcscnl nlvcntlon tulii thc opci'Btulg svstcnl.
The input may include ports fiir receiving video and images
I'rom thc lirst caniera and receivulg video from a storage
device 262. The input may include kthemet ports iiir receiv-
ing updnted sofiwurc or other information from a remote
ternunal via the I,ocal Area Netivork (I,AN) 250. The output
may transfer data to storage device 262, marketing terminal
264. survcillmici: terminal 266, and pl«)mr database server
268.

Miother embodiment of a gaming monitoring system 300
is illustmted ul I'IG. 3. In one embodunent, gamuig morutor-

ing system 3Utl may be used to implement system 1UU of FICi.

1. System 300 includes a first canwra 320, wireless transmit-
ter 330. a Digital Video Recorder (DVR) device 310, « ireless
receiver 34U, computer 350, dealer Cimplfical User Interface
(CIUI) 370, I,AN 380. storage device 390. supplemental cum-
eras 361. 362, 363. 364, 365. 366, and 367. and hub 36U. hrst
csnlcl"i 320 captiu'I:s lnlagcs fronl lib(ivc a playing surface in

B gaul«. cavil'iullncnt to clipturc inlagcs ol ilctlons such tis

player bet, payout, cards and other actions. Supplemental
cameras 361, 362, 363. 364, 365. 366, mid 376 arc used lo

capture images ofchips at the uldivi du el betting circle. In one
embodiment, the supplcmcntal cameras can be placed at or
ni:dl'hi: ganlc playing surl'acc C:omputer 350 may ilmlude a

processor. media device, memory includulg RAM mid ROM,
an input and an output. A video stream is captured by camera
320 and provided to DVR 310 In one embixiinmut, thc video
stream can also be transmitted from wireless transmitter 33U

to wireless receiver 340 The captured video stream can also
be sent to a DVR channel 310 for recording. Data received by
wireless receiver 340 is tmnsmitted to computer 35U. C.'om-

puter 350 also receives a video stream from supplenmntary
cmnera s 361-367. In the embodanent Illustrated, the camemls
are connected to hub 360 which fei«IS a si@IBI to computer
350 In one embodunent, hub 360 can be used to extend the
distance from the supplemental camems to the server.

In one embodiment the overhead cmnera 320 c:ui process a
captured video stream with embedded processor 321. To

reduce the required storing capacity of the DVR 31U, the
embedded pmcessor 321 compresses Ihe «aptured vide«I into
MPLICi format or other compression formats well known in
the art Tlm embedded processor 321 wnmnnarks to misurc
mithenticlty ol'he video images Tile processed video can be
sent to the DVR 31U from the camera 32U for recording The
embedded processor 321 may also include ml IPF, fiir pro-
cessing raw video to denve game data. The lming data aod
gaming events can be transmitted through wireless transmit-
ter 330 (such as IFFF, 802 I la/big or other protocols) io
computer 350 through wireless receiver 340. Computer 350
trivgers cameras 361-367 to cnpturc images of the gmnc
surface based on received arne cata. The gamulg events may
also be time-stmnped und embedded into the processed video
stream and sent to DVR 310 for recording The time-mnmped
events can be filtered out at the DVR 310 to identify the tune
window in wlfich these events occur. A surveillance person
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can tlmn review the time windows of interest only instm&d of
the mitire length of the recorded video. I'he&a evmits are

discussed in more detail below.
Iu one mubodiment. raw video stream data sent to com-

puler 350 fmm cmncra 320 triggers comput&m 350 to capture
images using cameras 361-367. In this embodiment, the
unages captured by first camemn 320 and supplemental cam-
eras 361-367 can be synchronixed in tune. In one embodi-
ment, first cmnera 320 sends a synchronization signai to

in
computer 350 before captunng data. In this case. all cameras
of FIG. 3 cupture images or a video stream at the same time.
The syucfmuuxed unagcs cmi be used to deicnuine g une play
states as discussed in more detail below. In one embodiment.
rat& video stream received by computer 350 is processed by
an I PL'o dence arne data. The game data tugger the camemns

361-367 to capture unobstructed images of player betting
circles.

In one embodiment. inmge processing and data processing
is peril&rmed by processor) vuthin the system of I'IGS I-3~

n

The uuage processui derives ini'omiation front m&piured

images. The data processing processes the data derived from
the information.

In mi embodiment wherein a blackjack ngame is monitored,
theilrstmidsupplmimntalcamcrasofsystmns100,200or300 "

may capture images undior a video strewn of a blackjack
table. The images are processed to determine the different
states iu the blackjack game, the locauon, identification and
quantity ofclu ps and cards. and actions of the players and the
dcalcr "n

I'ICi. 4 dfustrates a method 400 for monuorutg a g une A
calibmntion process is performed at step 410. The calibration
process can include syst&au equipmcnt as well ms game
panuueters. System equipment may uiclude cameras. soft-
ware and hardware associated tv ith a gmue monitor system. In "»

one cmbodimmit. elmnents and paramctcrs associated v ith
Uie gmue environment. such as relerence &ma es, and uifor-
mation regarding cards, chips, Region of interest (ROIsl and
other elements, are captured &hiring calibmtion. An cnibodi-
ment of a method for performing calibration is discussed in sn

more detail bdow with respect to FI(i. 4

In one embodiment. a detenuination that a new. game is to
begin is made by detecting input fram a game a&huinistrator,
the occiurence of an event in the genie environment, or sonm
other event. (lame admitustrator mput may include a game 4

begin or game reset input at input device 23U of FI(i. 2

Next. the game monitanng system deternunes ~bather a
nev; gmue has begun. In one embodunent, a state niachine is
mauitained by the game inoniu&ring system This is discussed
in more detail belov, with respect to I'IG. 27. In tins case, tire n

state machine determines at step 42U whether the game state
six&uld transition to a new g unc at step 420. The arne state
maclune and detecting the beginn&n of a new game is dis-
cussed in morc detail below II' ne&v ganw. is to benin,
opera&lail call&a&&les to step 430. Otherwise, operation s

remains at step 4ZU.

Cimuc monitoring begins at step 430 In onc cmbodinwm.

g uue mani to mug includes cap au in g images of the g mte envi-
ronnwnt, processing the images, and triggering an event in
response to mipturing thc images In;m embodiment wh&rcin 0&

a game of blacl jack &s monitored, the event may be initiating
card recognition, chip rccognitfon. detecting the actions of a

player or dealer, or some other event. Game moiutoring is
discussed in more detail below. The current game is detected
to be over at step 440 In a blacl jack game, tlm game is r
detected to be over once the dealer has reconciled the player'
wager and removed the cards from the gaming surface.

Operation then continues to su7 410 wherein the gmue sys-
tem awaits the beguuung of the next game.

In one embodiment, the calibration and game monitonng
process both occur w:ithin thc sanw. ganw. mivironnicnt FICi.

SA illustrntes an embodiment of a top viev of a blaclgack
game environment 5UU. In one embodiment. blacl jack envi-
mnment 500 &s an example of mi image captured by lirst
camera 110 of FIG. 1, lhe images are then processed by a

sysicm &&I'the present invention Blackjack emironmcnt 500
uic ludes sevemnl ROIs. An ROI. Region of Interest. is an area
in a game environment that can be captured witlun an unage
or video stl'cali& by anc or more cameras The ROI can be
processed to provide information regarding an element,
pammeter or event within tli&'. gailm ci'Ivllalillmllt. Blackjack
environment 500 includes curd dispenscxf holder 501, input
dcwice 5U2, dealer maintained chips 5U3, chip tray 5U4. card
shoe 505, dealt card 506, player betting area 507, player
wagered chips 508, 51'3. and 516, player maintauied chips
5U9, chip stack center of mass 522, acapted card ROI 51U,

511. 512, initial card ROI 514. wagcrixf chip ROI 515, insur-
ance bet re ion 517, dealer card ROI 518, dispensed card
holder ROI 519, card shoe ROI 520, chip tray ROI 521, chip
well ROI 523, representative player regions 535, cameras
54U, 541, 542, 543. 544, 545 and 546 and player nmintained
chip ROI 550 Input dmice 502 may bc implcnmnted as a

touch screen naplucal user interface, may&etio card reader,
some other uiput device. and/or combination thereof. I'layer
card mui clap ROIs are flfustm&texf in more dentil ui FICi. 5B.

Blackiack environment 500 includes a dealer region and
seven player regions (other munbcrs of player rcgi&ms can bc
used). The dealer region is assoc&atexf with a dealer of the
blaclqack game. The dealer region includes clap tmy 504.
dealer maintained chips 503, chip tray ROI 521. chip well
ROI 523, card dispensed holder 501, deafer caidi ROI 518,
card shoe 505 and card shoe ROI 520. A player renion is
atwsociatcd with cacfi player position. Fach player rcgmn
(such as representative player region 535I uicludes a player
bc&ting area wagcrixf chip ROI, a player initial card ROI. and
adapu:d card ROIs and cl»p ROIs a: sociatcd w ith the

particul-

ar

playerr,
and player managed chip ROI. Blackjack environ-

nwnt 500 does not illustrate the details ofeach player region
of system 500 for purposes of simplification. In one embod&-

mmit. the player region elements are included for each player.
In onc embodiment, cameras 540-546 cmi be implcniented

as supplemental cameras of systems 100. 200 or 300 dis-
cussed above (.'ameras 540-546 are positioned to capture a

portion of the blackiack environment and capture unages &n a

direction from the dealer towards the player re iona. In one
eniboduuenh cmneras 540-546 can be positimied on the
blackiack table. above the blacklack table but below a first
camera ot'ystem I UU, ZUU or 300. or in some other position
that captures an image in the dirccti&m of the player regions.
Liach of cameras 540-546 captures a portion of the blackiack
environment as indicated in FI(i. 5A and discussed below in
I'IG. 5B

Player region 535 of FICi. 5A is illustmted in more detail in
Fl(i. 5B. Player region 535 includes most rcccnt card 560,
second most recent card 561, third most recent card 562,
fourth most recent card (or first dealt card) 363, adapted card
ROIs 510, 511, aal 512, initial a&rd ROI 514, chip stack 513,
cameras 545 and 546, player maintained chips 551, player
maimained chips ROI 550. and player betting area 574 ('am-
eras 545 and 546 capture a Iield ofview ofplayer region 535.
Though not illustrated, a wagered chip ROI exists around
player betting area 574 The horirontal field of view fi&r

cmnems 545 and 546 has an angle U,.s and 0,, respectively.
'I hase FOVs may or nmy not overlap. Although the vertical
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FOV is not shown. it is proportionnl to tlm horizontal FOX by
the aspect mtion of the sensor element of the camem.

Cards 56U-563 are placed on top ofeach other in the order
they were dealt to thc conesponding player. Bach card is
associated with a card ROI. In the embodiment illustrated. the s

ROI has a shape of a rectangle and is centered at or about the
centroid ol'he associated card. Not every ed e of each card
ROI is illustrated in player reve&on 535 in order to clarify the
region ln plaver region 535, most recent card 560 is associ-
ated with ROI 510. second most recent card 561 is assocuited «1

with ROI 511, third most recent card 562 is associated with
ROI 512. and I'ourth most recent card 563 is associated w ith
ROI 514. In one embodiment. as each card is dealt to a player,
mi ROI is determined for the particular card Detemiinat ion of
card ROIs are discussed in nmre dc&ail balm(.

FIO. 5('llustrates another embodiment of a blackjack
game envimnnicnt 575 Blackjack cnvironnient 500 includes
supplemental cameras 580, 581, 582, 583. 584, 585 and 586.
marker positions 591, drop box 59U, dealer up card ROI 588.
doalcr hole card ROI 587, dealer hit card ROI 589. initial zo

player card ROI 592. subsequent player card ROI 593, dealer
up card 595, dealer hole card 596, dealer ldt card 594, chip
well separation regions 578 and 579, and clup well ROI 598
and 599. Although dealer hit cards ROls can be segmented,
monitorcxl, mid processcxh for simplicity they arc not sholvn
here.

As in blackjack environment 500. blacl jack enviroiunent
575 ulcludes seven player re. iona and a dealer region. The
dealer region is comprised oi the dealer card ROls, dealer
cards. chip tray, chipg nmrkcr positions. and drop box Fach lo

player rcgnon is assoc«&tcxl with one player and includes a

player betting area. wagered chip ROI. a player card ROl, and
play(r mnnagcd chip ROI Althou h one player can be mso-
ciated with more thml one player region. As in blackjack
environment 500, not every element of each player region is
illusirated in FICi 5C in order to simpbl'y the illustration ol
tile systcln,

In one embodiment, supplemmital camems 580-586 ot
blackiack environment 575 can be used to iniplemcnt thc
supplemental cameras of systems IUU. 200 or 3UU discussed so

above. Canwras 580-586 arc positioned to capture a por(ion
of the blaclq ack environment mid capture una es in the direc-
tion from the player regions towards the dealer. In one
embodiment, cameras 580-586 can be positioned on the
blaclqack table, above the blackjack table bnt below a first s
camem of system 100, 200 or 300, or in some other direction
tou.ards the dealer from the player regions. In another
enibodiment, the cameras 580-586 can be positioned next to
a dealer and directed to aipture images in the direction ol'he
players. &1

FIO. 6 illustrates an embodiment of a method for perform-
ulg a md ibrat imt procem 650 as discussed above in step 410ol'IO.

4. Calibmtion pmcess 650 can be used with a gmne tlmt
utilizes playing pieces such as cards and chips. such as black-

inch. or other ganlcs with(1(her playlllg plcccs as well. s

In one embodiment, tile calibration phase is a learning

process ((here tlm system determines tlm fcaturc( and sireol'he

cards and chips m uell as the lighting environment and
ROIs. Tlms, in this manner, the system of the present inven-
lion is llcxible and cnn bc us(d (or dill'creat gaming syst& ms 01

because it "learns'* the parameters of a game before monitor-
ing mid capturing gnme play data. In one enibodiment, as a

result of the cahbrat&on process ul a black)eel game. tile
parameters that are generated and stored include ROI dimen-
sions and locations, clip templates, fcaturcs and sizes, an
unage of an empty clup tray, an image of the gaming surface
with no cards or chips. and card features and sizes. The

calibn&tion phase includes setting first camera and supple-
mental camera parameters to best utihze the system in the
current environment. 'Iliese pammeters are gain, white bal-
ancing, and slnittcr speed among others Funlmnmiro. the
calibmtion plmse also maps the space of the first camera to the
space of the supplemental camera~. 1his space triangulation
ldclltlf&cs thc gene&1&1 1'cglons ol thc chips or other gallllilg
pieces, thus, minunizes tile search area during the recoetit&on
pmcess. The space tnangulation is dcscribcd in nxirc detml
below.

Method 650 begins with capmring and storuig reference
images ofcards at step 655 In one embodiment. this includm
captunn ima es of ROIs with and without cards. In the
refi:rcncc images having cnrds. the identiry of tlm cards is
determined and stored for use in companson of other cards
during game monitoring. Step 655 is discussed in more detail
below with respect lo FIO 7A. Next mfercncc imnges of
wagering chips are captured and s«&re«I at step 665. Caplunng
and storing a reference image ofwagering chips is similar to
tlu&t of a card and diacusscxI in morc detail bclo(v with respect
ni FIG. 8 «. Reference unages of a chip tray are then captured
and stored at step 670

Next. in one embodiment, reference images ofplay surface
regions are captured at step 675. In tlus embodiment. the
playing surface of the gaming environnwnt is divided into
play surface regions. A reference image is captured for each
region. The reference image of the region can then be com-

p ued to an unage of the region miptured during game moni-
toruig. When a difference is detected be«veen the reference
imngc mid tile image captured during gan&e monitoring, thc
system can determine an element and&or eel&on causing the
difference. An exmnple ofgame surface 900 divided &ato play
surface regions is illustrated in FICi 10. Creme surface 1000
ulcludes a series ol game surface reg«n&s 1010 includes three
mw s and four co lunula ofregions. Otlmr numbers ofrows and

colunlns, or shapes of regions in additi&m to rectmigle(, such
as squares. circles and other shapes. can be used to capture
regions of a game surface. FIO. 10 is discussed in morc detail
below

Triangulation calibmtion is then performed at step 680. In
onc embodinwnr. multiple cameras arc used to triangulate tlm
position of player card ROIs. player betting circle ROls, and
other ROIs. 1 he RO Is may be located by recognition ofmark-
ings on tho ganm environment, detection of chipu cmds or
other playulg pieces, or by some other means. Triangulation
calibmtion is discussed in more detail below with respect to
I'IGS. 9A and 9B. Cl une ROIs are then determined and stored
at step 685. The gmne ROis may be derived from reference
iinages ol'ards. chips. game environment markings, adi-
brated settings in the gaming system soliu.nre or hardware,
opemtor input, or from other information. Reference images
and other calibrati(m data are then stored nt step 690 Stored
data may include reference unages of one or more cards,
chips, chip tnsy(, game surl'acc regions, calibrated triangula-
tion data other calibrated ROI &lifo&'nial«ul, i&lid other data

FIO. 7A illustmtes an embodiment of a method 700 for
pcrliorming card calibrati(m as discussed ~bove at step 655ol'ethod

650 Method 700 beguis v ith capturuig an empty
reference image 1„,,&ofa card ROI at step 710 In one embodi-
m(nt. the empty rcl'ercncc image is captured using mi firai
camera of systems 100. ZUU, or 3UU. In one embodiment, the
mnpty rcfi:rcnce imnge I„,& consists ol'n image of a play
environment or ROI where one or more cards can be posi-
t«ined for a player during a game. but v,herein none are
clll'rclrtll'ositioned. 1 hllu 111 tlm cilsc of a blacl jack mivi-

nmment, the empty reference image is of the player card ROI
and consists ofan entire or portion of a blackjack table with-
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our any cards placed at the particular portion captured Next,
a stucked image lan is captured at step 712. In one embodi-
ment. the stacked image is an image of the smne ROI or
environment that is "stacked" in that it includes cards placed
witlun one or more card ROI s. In one embodiment. the cards
may be predetemlined rmiks and suits at predetermined
pl wes. Tlus enables images corresponding to the kimwn card
rank and suit to be stored. An example of a stacked image Ia,„.

730 is illustrated in FIO 7B Image 730 includes cards 740,
741. 742, 743. 744. 745, and 746 located at player ROls.
Cards 747, 748, 749. 750 and 751 are located at the dealer
c ud ROI 0. ards 740, 741. 742. 743, and 747 are all a I lilkel'luee.

Whrle cards 744, 745, and 746 are all a nudl of ace.
( ards 748. 749, 750 and 751 arc all ten value cards. In one
embodinlent, cards 740-751 are selected such that the cap-
tured image(sj can be used to determine rank calibration
information. Tlfis is discussed in more detail below.

Afier the st wked image is captor»»I. a diffi:rance image 140
comprised of the absolute diiference betwemi the empty ref-
erence iniagc I„,wand the stack»xi image lan is calcu(irtcd at
step 714. In one embodiment, the difference between the tw 0

images lvill be the absolute difference in intensity between

such tluit groups smaller then a certain area are eliniinnted
(such as seventy five percent of the area ofa knov, n card area).
This allolvs youps tlmt may be a card to remain.

Once the binarized pixels have been clustered into groups,
3 the boundary of the card is scanned at step 720. The boundary

of the card is generate»I using the scanning method described
ui method 1400. Once the boundary of the card is scanned, the
lengtlh le idth, and area of the card can be detemuned at step
721 In one embodiment lvhcre known cnrd rmik and suit is

10 placed ni the gaming envimmnent dunng calibrauon, ivitlun
the card's boiuidary, the mean and stan(bird deviation ofcolor
cmnponcnt (red, green. blue, if color camera is used) or
nttcnstty (li llloilochroinc caiuci"I ls used) of till'ips of il

typical card is Ostinato»i along with the white background in

step 722. The me m vulue of the color components mxl or
intensity of the pip are used to generate tluesholds to binarize
tho interior fcqtures of the card Step 724 stores thc calibrated
results for uav. in fuuire card detection and recogmtion Iu (me
embodiment, the lmigth, width and area are detemiined in

10 units of pixels Table la mid lb below slulws a sample of
calibmted data for detected cards usin a monochrome cam-
em with 8 bits/pixel.

TABLII I

('1»dC(lii»olio»Data Sire aud i area

I.cap(a,

p i

Width. Area(Diamoiidl Aiea(near(7 Area(Sped ! AreaiCIuhi
Pu. Po.ei aq Pi»el aq Pi»el aq Po.el aq

S9
9(i

71

7(i 24(i

.'4 Ziti 14i
40 iqrr 140

the pixels comprising lhc airds in tlm stacked unage and those
same pixels in the empty rcl'crencc image

Pixel values of Ic/rare binarized using a tlueshoid value at

step 716. In one embodiment, a threshold value is deternuned
such that a pixel having a change ui intensity creater tlrui the
threshold value will be assigned a particular value or smte
Noise can be calculated and removed from the difference
calculations before the tlueshold value is determined. In one
cmbodimcnt, the threshold value is derived 1'rom lhc histo-

gram of the difference image. In another mnbodiment, the
threshold value is typically determined to be some percentage
of the average change ui intensity lor the pixels compnsing
tlm cards in tlm stacked image In this case, thc percentage is

used to allow for a tolcrancc in the threshold calculation In

yet another embodiment, the tlu e ahold is determined from the
nleiills ilixl thc sliilldltnl dcvmtlons of il I ( gjou ol I ror I

wifil constant background Once the tlueshold calculation is
determined, all pixels for wluch the change of intensity
exceeded Ule tlulshold ilill be assigned n value. Iu oiw.

embodunent, a pixel lmving a clmnge ui intensity greater than
the threshold is assigned a value of one. In this casa, tlm

collection ofpixels ui I„,p with a value ol'one is considered the
threslmld image or the binary image la„, „.r»,oy'fier

the binarizatimi is perfornied at step 716, erosion and
dilntion filters are perfonued at step 717 on the buiary image,
I„aa„,. to remove "salt-n-pepper noise". The clustering is

performed on the b insured pixels (or threshold Image) at step
718. I'lustering involves ~oouping adjacent one value pixels
into groups. Once groups arc fomied, the groups mny be
cluster(xi together according to algontluns known in the art.
Similar to the clustering ofpixels, groups can be clustered or
"grouped'ogether if 1 hey share a pixel or are within a certain
range of pixels from each other (for exmnple. Within tluee
pixels from each other). 11roups may then be filtered by size

TABLE lb

Card Caiihr»iori Dura rrieaa iriieruil

While twlpwiuid Diarrioad llear( Spd« lluh

170 17(I nr S(I

4(i
FI(i. 8A illustrates 0 method for performing chip calibra-

tion as discussed above at step 665 of method 650. Method
8UU begins with capturing an empty reference image I„»of a

clip ROI at step 810 usuig a first camera. In one embodunent,
the empty reference image leo/consists ofan image of a play

'nviromnent or chip ROI where one or more cliips can be
position»»I fiir a player during a game, but wherein none are
currently positioned. Next. a stacked image l„i for the clup
ROI is captured at step 812. In one embodiment, the stacked
image Is an image of the same clip ROI except It is "stacked"

u in that it includes wagering chips. In one embodiment. the
wagenng clu ps may be a known quantity and denomination in
order to store images corresponduig to specilic quantities nnd
denonunation. After the stacked image is captured. the dif-
ference image I„,+ comprised of the dilTi.rance bctwuccn tlm

3 emPty reference Image I, rand the stacked image I„his cal-
culate»I at step 814. Step 814 is performed similarly to step
714 ofmctfiod 700. Bindrizat ion is thai per fomied on diffi'r-
ence image I»Oat step 816. Iirosirin and ddatiou operauons nt

step 817 are p~erform next to remove "salt-n-pepper'* noise.
nl Next. clustering is perfonni don ihc binari red image, Iao, „,, m

step 818 to generate pixel groups. Once the binarized pixels
have bacon grouped together, the cmiter of niass for each
group, area. and dimneter are calculated and stored at step
820. Steps 816-818 are similar to steps 716-718 of method
700

The calibration process discussed ahorse operates on the
inmges captured by a first camera. The follov, ing calibration
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process operates on inn&gee captured by one or more supple-
mental camera. FILI. SB illustrates an embodiment of a

method S40 for perfomun n calibration process. I'irst, pro-
cessing steps are per fr&rmed to cluster ml image at step 841 In
one cmbodinient, this includes caPture le„n determine tuff.
perform binarization, erosion, dilation and clustering. Thus,

step 841 may include the steps perfomted in steps 810-818 of
niethod 800. The thickness. duuueter. center of nisse. aiui area
are calculated at distances d for chips at step 842. In onc

16
embodiment, a number of chips are placed at different dis-

tances within the clup ROI. Images are captured of the chips
at lhcse difieren distances Tlm thictotess, dimneter mid arcs
are determined fora single chip ofeach denomination at each
distance. The range of the distances captured will cover a

range ui wluch the clups v ill be played dunng an actual une.

Next, the ctups are rotated by an angle 0» to genemste an

inmgc tempt etc at step 844 Aficr the rotation, a dctcrmi nation
is made as to whether the chips have been rotnted 360 dcgrecs
or until the viesv of the clup repeats itself at step 846. If tlie "-"

clnps ha& e not been rotnted 360 degrees. operation continues
lo steep 844 Otherwise, the chip calibration data and tem-

plates are stored at step 848.

FKI. SC'llustmtes an example of a top vimv of a clip „,
calibmstion unage 850. Image 850 illustmtes chip 855 conhg-
ured to be rotated at an angle 0», FILL SD illustrates a side
view inuigc 860 ol'chip 855 ofFI»Ci. SG Image 860 illustrates
the thickness T mid diameter D ofclip 855. Images captured
ateachrotationarestoredastemplates.promthesetemplates, sn

stat&sons such as means and variance. for each color are cal-

culated and stored as well In one embodiment, chip tmn-

plates and chip tlflckncss and diameter and center ofmass are

denved from a supplemental camera captured image similar
to inuigc 860 md thc chip area. dimncter. and pcrimmcr is

""

derived fimn a first cmncra captured imu L similar to image
850. 'I'lie area, thickness and diameter as a function of the
coordinate of the image capturuig c unera are calculated and
stored. An example o t'clup calibration parameters taken finm

nt &

a ca 1ibmt ion image of tirst canwra and supplemental cnmera
are shosvn below in Table 2a nnd Table 2b respectively. Here
the center ofmass of the gaming chip ui Table 2a corresponds
to the center of'uss ol'able 2b In one embodunent the

mentioned cnlibmtion process is repeated to generntc a set of ns
more comprehensive tables. Therefore, once the center of
mass of the chip stack is kttown from the first camera space,
thc calculated thickness, diimicter. and area ol'thc chip stuck
as scen by the supplemental camera is known by using Table
3 and Table 2a. For example, the center of mass of the clup su

stack, in the first camera space is (160,600). The correspond-
uig mmrduiates ui thc supplemental camera space is (Xlc.
Ylc) as shown in Table 3. Using Table 2a, the calculated
thickness, diameter, and area of the chip at position (Xlc.
Ytc) are S, 95, and 768 respectively. :&

14
TABLL'b

Wa e&en tn teatnres as seen tromtbean& &cmental carne&a

f'enter nf Mass Cb& Featmes

Y Ftuckness Iinmcter

Xlc 1'1 c f! ps 16S

TABLE 3

6 a" ma u& Loo.'-u -l&lie LLI

C'hip tray calibration as discussed above with rcspcct to

step 670 ofmethod 650 may be performed in a manner similar
to the card cnlibmtion process of method 700. A difference
inlage I mills

tnken bctw can mi empty re fercncc image 1„„«&ltd

the stacked image l,«of the chip tmy The difference image,
IdifT, is bounded by the Region of interest of the chip well, for
example 523 of I'ICi. 5A. In one embodiment. the stacked
uuage may contmn a predetermuied number ofchips in each
mlv or well within thc chip tray. with ditTcrent wells having
different numbers and denominations of chips. L'ach well

may have a single denomination of clups or a different
denomutation. The difti:rance image is then sub temted to bina-
rization and clustering In onc embodimmit, the binary image
is subject to erosion and dilation operation to remove "salt-
n-pcppcr" noise. prior to the clustering opemtion As the clus-
tered pixels represent a known. number of claps. parmueters
indicating the area ofpixels corresponding to a known num-
ber of chips ms weil i&s RtiB values rmssociatml with the each
denonunation can be stored.

Triangulation calibration during the calibrntion process
discussed above with respect to step 680 of method 650
involves determining the location of an object, such as a

gaming clip. The location may be determined using two or
more unages captured of the obtect from duferent an les. The
coordinates of the object within each image are then corre-
lated together. FICIS. 9A and 9B illustmte images of tv o

stacks of chips 920 and 930 captured by ttvo different cam-
eo&a. A top view cnmera captures an image 910 of FICi 9

havuig the chip stacks 920 and 930. For each clap stark, the
positional coordinate is determined for each stack as illus-
trnted. In particular, chip stack 920 has positional coordinates
of (50, 400) and clup stack 930 has positional coorduiates of
(160. 600) In&age 950 of FICi. 9B includes a side view ofchip
stacks 920 and 930 For each stack, the lx&ttom center of the
chip stack is determined and stored.

Table 3 shows l,onk-Up-Table (I UT) ofa typical mapping
of posiuonal coordinates of first manera lo those of supple-
mental cameras for wagering chip stacks 920 and 93(l of
FICiS 9A and 9B. The units of thc paranwtcrs ofTable 3 arc
ui pixels. In one embodiment. the mentioned cabbration pro-
cess is repmsted to generate a more compreliensive space
mappuig LUT

TABI.F: 2a Fmt c:unera ctnp Supple»&enn&1 carne&a(.lup
cm

nun 

&tes lnul »&t1

ipapererl clnp features as seen f& nm rl(e arst c&mere Y X Y
6o

Ceule& ol Mass t:tup F aalu&w
n

1 fri
soo
6ut &

Xac
Xlc

Yic
Yl c

160 6nn

Penn&e&e& n a»le(a('n

6

X&ea

svo

In one embodiment. the calibrations for cards. chips, and
trip tray arc perfiirnmd for a number of regions in nn M»N
matnx as discussed above at step 655, 665, and 67t) in method
650. Step 686 ofmethod 650 localizes the calibration data of
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the ganw. environment. Fl(i 10 illustmms a game mivinm-
ment divided imo a 3x5 matnx. The localization of the card,
clup. and chip tray rsecoytition pammeters in each region of
the matrix improves the robu st ness of the gaming table moni-
toring system. This allows Iiir soiue degree of variations in s

ambient setting such as lighting, fading of the table surface.
uuperfecuon withui the optics utd the im igers. Reference
parmueters can be stored for each region ui a matnx. such as
linage qilalltization thi'tÃllt)lds. playing objcmt data (such as
card and clup calibration data) and other parameters 1(1

Remrning to method 400 of FlCi. 4, operation of method
400 remmns at stclt 420 until a new game begins Once a nmv

genre be ins, game momtonng begins at step 430. Game
monitoring involves tlm detection nf events during a moni-
tered game which are twssociated with recognizmf g uue cle-
ments. Game elements may include game play pieces such as
cards. chip~, mid other elements within a game cnvironnwnt
Actituts are then perfornied in response to determuun a

gmne cwent. In one embodiment, the action can include tmn-
sitioning from one game state within a state machine tn zn

another. An embodiment of a state machine for a black jack
game is illustrated in VICi. 27 mid discusssxf in more detail
belo~.

In one embodunent, a detected event may be based on the
detection of a cmd VI(i. 11 illusimtes an cmbodinwnt of a

method 1100 for performin card recogmtion dunng arne
monitonng. The card recognition process can be perfonued
I'or each player*s card ROl First. a dillerence unage lax is
enented as the difference between a current card ROI image

l,„,(ij fiir tlm current time t and tlm enipty ROI rcl'irencc sn

una e I,„„/ for the player curd ROI at step 1110. In annther
embodiment, the difference image I„,& is generated as the
difli:rcncc bctwecn tht. current curd ROI image and a running
reference uuage. I„,/where I„„/ is the card ROI of the I„w
wiciin ivhich tlm chip ROI containing the chip is pasted. An

example I„ /is ifhmstraicd in FI( t'C:. I„,/is thc cmd ROI 593
of I„,m witlun v,hich the clup ROI 577 is pasted This is
discussed in more dctnil below Tlm currmit card ROI image
I„,(ii is the most rivent nnage captured of the ROI by u

particular camera. In one mnbodiment, each player*s card an

ROI is tilted at an angle cnrresponding tn tlm line fmm thc
center ofmass ofthe most recent detected card to the clup tray
as illustrated in FIG. 5A-B. This makes the ROI more concise
and requires processing of fmv cr pixels

Next, binarization, erosion and dilation filtering and seg- a

mentation are perfiirmed at step 1112. In one embodiment,
step 1112 is performed in the player's card ROI. Step 1112 is
discussed in more detail above.

The mnst recent card rcmeived by a player ts thin deter-
mined. In one emboduuent. the player's card ROI is analyzed n

for the most recent card. If the player has only received one
card, the most recent card is the only card If several curds
have been placed ui the player card ROI. than the must recent
card nnist bc determined from the plurality nf cards. In tll1c

embodiment, cnrds are pl tcixf on top ofeach other utd closer 1

to the deafer as they are dealt to a player. In this case, the most
recent card is the top card o I'a stack o Icards and closest to thc
dealer Thun the nmst recent card cau be determuied by
detecting the card edge closest to the dealer.

Tfic ctlgc of the 111tis1 icccntlv tcccivcd card is determined mi

at step 1114. In one embodiment, the edge of the most
recently rcceivixf card is detennincd to be the edge close~t to
the clup tray. If the player card ROI is determined to be a

rectangle and positioned at an angle 0c in the x,y plane as
shown in Fl(i. 5B, tfm edge may be dctcnniiwd by picking a (

point witlun the azouped pixels tlmt is closest to each of the
corners tlmt are furthest av;ay from the player, or closest to the

dealer position. For example. in FICi 5B, dw. corners of the
most recent card placed in ROI 510 are corners 571 and 572.

Once the most recent card edge is detected, the boundary of
tlm most recent card is dcmrmincd at step 1116 In onc
embodunent, the line benveen the corner pixels of the
denmted edge is estimated. The estimation can be performed
usingaleastsquaremethodorsomeothermethod. Theareaof
the card is then estimated from the estunated lute benveen the
card corners by multiplying u constant by the length ol'he
line. The constmit can be denved from a ratio ol card area to
card line derived from a calibnnted card. 'flic estimated area
and area to pcnlllctei'ntro ms thtil1 coll1parcd io the cnrd nrea
and area to penmeter motto determined dunng calibration
during step 1110 from an actual card A dctennination is
made as to w hetlier de(Le(ail calif pilrallletels luatch the cali-
bmtion card parameters at step 1120. If the estimated values
and calibmtinn values match within some threshold, the card
presence is detennuied nnd operation contimies to step 1122.
If the estimatsxf values and calibration values do not match
within the threshold. thc object is determined to not bc a card
at step 1124. In one embodiment, the current frame is deci-
mated at step 1124 and the next frame w ith the same ROI is
analyzed.

The rank of the card is determined at step 1122. In one
embodiment, determining card rank includes binari/inn, fil-

tenng, clustering and comparuig pixels. Tlus is discussed in
nxire detail beloiv with respect to HCi. 12.

FICi. 12 illustrates an embodiment of a meihod for deter-
minutg the mink of a detected card as discussed v, ith respect to
step 1122 ofmethod 1100 ofFl(i 11 lfsing thc card calibra-
tion data in steep 724. the pixels ivithiu. the card boundary are
binanzed at step 1240. Ager buianzauon of the card, the
buiarmed difference uuagc is clustered unto groups at step
1245 Clusteriiig can be performed as discussed above. The
clustericd groups are then analyzed to determine the group
si/c, center and mca in unims of pixels at stclt 1250. The
analyzed gmups are then compared to stored group informa-
tion retrieved during thc calibration process. Tlm storixf group
inl'ormatimi uicludes parents:ters nf group size. center and
area of rank marks on cards detected during calibmtion.

A determination is then made as to what lmr the comparison
of the detected rank paranieters and the stored rank param-
eters indicates that the detected rank is a recognized rank at
step 1260. In one embodiment. dctectcd groups with param-
eters that do not match the calibrated group parameters ii ithin
some margin are removcxf from consideration. Further, a size
filter may opnonally be used to remove gmups fmm being
pmcessed. If the detected groups are determined to match the
stored groups, operation continues ui step 1265 If the
detected groups do not match the stored groups. operation
may continue to step 1250 w here miother group of suspected
rank groupings can be processed. In uiother embodinwnt, if
the detected roup does not match the stored yttup. operation
ends mid mit further groups are tested In this case. tlm

detected groups are removed from consideration as possible
card markings. Once the correct sized groups are identified,
the grtmps me counted to determine thc rank ol'he cmd at

step 1265 In mie emboduuent, any curd with over mne
groups is considered a mnk of mn.

In another embtxliment. a card may be dctcctcd by deter-
nuning a card to be valid card and then determining card rank
using templates.Anembodimentofamcthod1300 liirdetect-
uig a card and determimng card rank is illustrated in O'IG. 13.
Method 13 begins with detenninuig the shape of a potential
card at step 1310. Dctcnnining card shape involves tncing
the boundary of the potential card using an edge detector. and
is discussed in more detail below in FIG. 14. Next. a deter-

Light & Wonder v. Evolution 
Light & Wonder Exhibit 1054



17

(js 7,901,285 B2

mination is made as to v,hether the potential card is a vnlid
card ut step 1320. 11»e process ofmakmg this determination is
discussed in more detail below with respect to FIC L 18. If the
potential card is valid card, tbe vnlid card rmik is dcmnnincd
at step 1330. Ttus is discussed in more detail below ivith s

respect to FICi. 20. If the potential card is not a valid card as
determined at smp 1320, operation of method 1300 ends at
step 1340 and the potential card is determined not to be a valid
card.

FIG. 14 illustrates a method 1400 lor determuung a poten- ui

tial card shape as discussed at step 1310 of method 1300.
Method 1400 begins with generating a cluster of cards withi n
a game enviroiunent at steps 1410 and 1412. These steps are
similar to steps 1110 and 1112 ol'wthod 1100. In one
embodinient, fora game environment suet» ms that illustruted
in FICI. 5A, subsequent cards dealt to each player are placed
on top of each other and closer to a dealer or ganw adminis-
trator near tire chip tray As dfustrated iu FIC». 50, nxist recent
card 560 is placed over and closest to the chip tmy than cards
561. 562 mid 563 Thum when a player is dcah morc than one o

card, an edge point on the uppermost card (wtuch is also
closest to the chip tray) is selected

The edge pouts of the ot the card cluster can be detected at
step 1415 and illustnsted in FIG. 15. In l»IC». 15, lute Ll is
drawn from the center ofa chip tray 1510 to the centroid of the
quantized card cluster 1520. An edge detector (FD) can be
used to scan along line Lt at one pixel increments to perform
edge detection op~ciations, yielding GRAD(x.y) pixel(x.y)-
pact(xi s

i ). GRAD(x,y) yields a one when the edge detector
FDisri hi overanalgcpoint(illustratcdas Pl inFICi 15)of so

the card, and yields zero otherwise. Other cstge detectors/
operators, such as a Sobel filter, can also be used on the binary
or gray scale di fli:rance imagi. to dctcct the cnrd edge its well

Alter au edge point of a card is detected. trace vectors are
gaicrated at step 1420. A visunlization of trace vector gai- "»

emtiou is illustrated in FICiS. 15-16 FIG 16 illusiraias two
u sce vectors L2 and L3 enerated on both sides ofa lirst trace
vector I I Tmcc vectors I 2 and 1,3 are selcctcd at a distance
1'rom tirst tracv vector I 1 that will not place tlmm off thc space
of the most recent card. In one embodiment, each vector is sn

placed between onc-eighth and one-fourth of tlm length of a

card edge to either side of the first tmce vector. In another
embodiment, LZ may be some angle in the counter-clockwise
direction relative I,l and 1,3 may bc tlm same angle in the
clockwise direction relative to LI. s

Next. a point is detected on each of trace vectors L2 and L3

at the card( edge at step 1430. In one embodiment. an ED scans
along each of trace vectors L2 and L3. Scamung of the edge
detox»or FD along linet,2 mid hne (,3 yields two card edge
pouits P2 mid P3. respecnvely, as illustrated ui I'IG. 16. Trace o

vectors T2 and T3 are determined as the directions from the
uiitial card edge point and the nvo subsequent card edge
points associated isith trace vectors L2 mid L3. Tutee vectors
T2 nnd T3 detine the initial opposite trace directions

The edge points along the contour of the card cluster are s

detected and stored in an (x,y) array of K a»tries at step 1440
mid it(astra»»st with FICi 17 As illustrated in FIC) 17, at each
trace locauon. an edge detector is used to detemuoe card edge
points for each trace vector along the card edge. Half circles
1720 and 1730 havings radius R mid neoterist at point Pl are mi

used to form an L'D scanning path that intersects the card
edge. Half circle 1720 scan path is oriented such thnt it crosses
tmce vector T2. Ilalf circle 1730 scan path is onented such
that it crosses tmce vecair T3. In one embodiment, the edge
detector I')D starts scanning clockwise along scan path 1721) r
and stops scanning at edge point L'2 0. In another embodi-
ment, the atge detector FD scans two opposite scamfing

direcrions »tatting front the midpoint (»mar point FZ 0) of
path 1720 and ending at ed e point LZ D. Tlus reduces the
number of scans required to locate an edge point. Once mi

edge point is dct»mted, a new scan path is detincd as having a

md»us extenduig from the edge point detected on the previous
scan path The FD vill again detect the edge point in the
current scan path. For example, ui I'IC). 17, a second scan path
1725 is derived by forming a radius around the detected ed e

p(iint FZ 0 oftlie previous scanpaih1720 The((D will detect
edge point L'2 I in semi path 1725. In tlus mmuier. the center
of a half circle scan path moves along the tmce vector T2. R
pixels at a time, and is oriented such that it is biscctcd by the
trace vector T2 (Pt. E2 0). Similarly, but in opposite direc-
tion. an FD process traces the card edge in the T3 direction.
When the scan paths reach the edges of the card, the FD u ill
detect an edge on adjacent sides of the card. One or nmre
points may bc dctcctcd for each of thcsc adjacent edges.
Coordinates for these points are stored along ivith the first-
denected edge coordinates.

The detected card cluster edge points are stored in an (x.y)
array of K entnes in the order they are detected. The traces
will stop tracing when the last tu o edge points detected along
the card ed e are uithui some distance (in pixels) of each
other or when the number of entries exceeds a pre-de(iced
quantity. Tints, coordinates are detemiined mid stored along
the contour of the card cluster. A scan path in the shape of a

halfcircle is used for illustration purposes only. Other opera-
tors and path shapes or

patterns

aui be usal to impleiuent mi
L'D scan path to detect card edge points.

Returning to method 1300. afier detenu i ning pomni isl card
shape. a deiemiination is made at ~ tep 1320 as to u.bather the
potential card is vahd. An embodiment of a method 1800 for
deti:nnining whcihcr a potential card is valid, as discussed
above at step 132D of method 1300. is illustrated in FICi. 18.
Method 1800 begins svith detecting tlm corner points of the
card mid vectors extending fmm the deice ted corner points at

step 1810. In one embodunent, the corners and vectors are
derived from coordinate data from tlm (x,y) array of method
1400 FICi. 19 illustrates an image of a card 1920 with comer
and vector calculations depictixt. The comers are calculated
as (x y)»s and (x y)„Tlm comers may be calcu lated by deter-
minuig the two vectors mdiating from the vertex are rivht
angles within a pre-defined margin. In one embodiment. the
pre-delincd niargin at step 1810 may bc a range of zero io ten
de~»» ees. The ~actors are derived by formuig lines between the
tirst point (x,y)„a and and two nm points away in opposite
direction )rom the tirst point (x.y), a„, and (x.s )„„. As illus-
trated in fq. 19, for comers (x,y)»z and (x,y),m the vectors
ire generated with pouits (x,y)„„ iuid (x,s)„„„, and

(x.y)e, „, and (x,y)e „, respectively Thus a corner at (x,y),
is determined to be valid if the angle A», between vectors V»c
and V».„ is n right angle witt»in some pre-delined m»»gin. A
corner at (x.y)„., is deternuned to be valid if the migle A,s
bctv scen vectors V»3 mid V»„ is a right angle within sonm
pre-defined margin Step 1810 concludes uith the detemii-
nation of all comers and vectors mdiating from comers in the
(x.y) army gcncmted in method 1400.

As dlusuated in FICi. 19„vectors v»e+ and v, lbrm angle
A„and vectors v„, and v„s form angle A» n If both angles
A», midAa are detcctal to be about ninety degrees, or u ithui
some tlueshold of ninety degrees, then operation continues to
step I 830. I I'eitlmr of the angles is determined to imt be within
a tlueshold of nuiety degrees, operation continues to step
1860. At step 1860, the blob or potential card is determined to
not be a valid card and analysis ends for the currau blob or
potential card if there are no more adlacent corner set to
evaluate.
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Next. the distance between comer points is calculated if it

has not already been determined, and a detennuiauon &s mude
as to whether tire d is tmice between the corner points matches
a stored card edge distance at step 1830 A stored card dis-
tance is retneved from information derived durtng the cali- s

bration pl&use or some other memory. In one embodiment, the
di~ tance bet&veen the co&mar pomts can match the stored dis-
tance witlun a tlueshold of zero to ten percent of the stored
card edge length. Il'he distance bctwcen the corner points
niatches the stored card edge length. opemuon contimies to ui

step 1840. If the distance between the adjacent comer points
does not nratch the stored ward edge length, operation contin-
ues to step 1860.

A detemiination is made as to wlmther rhe vectors of the
non-common cd e at the card conwrs are approximately par-
allel nt step 1840. As illustmted &n FIG. 19. the determination
would co&rtjrm w hefter vectors via and vi „nre parallel. If the
vectors of the non-comm&m edge are approxunately parallel.
operation continues to step 1850. In one embodiment. the
miglc bctwecn thc vectors can be cero (tlmrcby being parallel) o

within a threshold of zero to ten degrees. If the vo:ters of the
&&&11&-colt&i&1&11& edge are determined to not be pamllel. opera-
tion continues to step 1860.

At step 185U, the card edge is deternuned to be a valid edge.
In onc embodiment, a flag may bc sct to signify this detenni-
nation. A deternunation &s then made as to whether more card

edges exist to be validated for the possible card at step 1860.
In one emboduuent, when there are no nuire adjacent comer
points to evaluate for possible card. operation contuu&es to
step 1865 In one mnbodinmat, steps 1830-1850 arc pcr- so

formed Ior each edge ol a potenual card or card cluster under
consideration. Ifmore card edges exist to be validated, opera-
tion continues &o su:p 1830. In one emboduuent, steps 1830-
1850 are repeated as needed for the next card edge to be
analyz&xf. If no further card edges arc to be validated, open-
(ion cont imics to step 1865 wherein the determination & s made
if the array of ed e candidates stored in 1850 is empty or not.
If thc array of &xfge cmididatcs is empty, thc detcrtnination is
inade at step 1880 that the cmd cluster does not contmn a & slid
card. Otherwise, a card is determined to be a valid card by ao

selecting mi edge that is closest to the chip tray from an array
of edge candidates stored &n 1850.

Aflel tl'&e card is determined to be valid in metliod I 3 00, the
rank of tlm valid card is determined at step 1330 In one
embodiment, card rank can be perfonued sunilar to the pro- s
cess discussed above in method 1200 during card calibration.
In another embodunent. masks and pip constellations can. be
used to determine card rank. A method 2000 for detemuning
card mnk using mmsks and pip constellatimts is illus(retax( in
FIG. 20. First, the ed e of the card closest to the clup tray is o

selected as the base edge for the mask at step ZUU5. FIC&. 21
dlustrates an example of a mask 2120. although other sluipc
and size of masl can be used. Ilie mask &s b&narized at step
2010 Next, tlm binarizcd image is clustered at step 2020 In
one embodimenL the erosnm and dilation tiltering are oper- s

ated on the binarized image prior to clustering at step ZUZU. A
constcflation of card pips is genera(cd at step 2030. A con-
stellatioo of card pips &s a collection ol clustered pixels rep-
resenting the mnk of the card An example of a constellation
ol'card pips is illustmtcd in FIG 21 The top most card ol'i
image 211 U of I TG. 21 is a ten of spades. '11&e constellation of
pips 2130 within the mask 2120 includes thc ren spades on the
face of the card. Fach spade &s assigned an arbitrary slmde by
the clustering algonthm.

Next, a first reference pip constcflation is then selected at
step 2050. In one embodiment. the first reference pip constel-
lation is chosen from a library. a list of constellations gener-

ated during cnlibration and&or initialimtion, or son&a other
source. A detertnination is then made as to v;hetlier the gen-
erated pip constellation matches the reference pip constella-
tion at step 2060 If tlm gcncratcd crass(ella(ion matches the
reference constellation. operation ends at step 2080 where the
card rank is recognized. If the constellations do not match,
operation contmues to step 2064.

A determination is made as to &vhether there are more
rcfe&'csicc pip consteflations ui compare at step 2064. I('more
reference pip constellations exist that can be compared to the
generated pip constellation, then opemtion continues to step
2070 wherein tlm next ref.rmicc pip constellation is selected.
Operauon then contim&es to step 2060. Ifno further reference
pip constcflations exist to be competed against the generated
constellation. operation ends at step 2068 md the card is not
recognizixf Card rank recognition as provided by implemen-
tation of nwthod 2000 provides a discriminate f&.aturc for
mbust card rank recognition In miother enibodiment, rank
and&or suit of the card can be determined from a combination
&if the pnrtial constellation «r full constellation anr(or n char-
acter at the comers of the card.

In another embodiment. thc chip tmy balance is recognized
well by v;ell. 11G, ZZB illustrates a method 2260 for recog-
nizing contents of a chip tray by well. Iiirst, one or more stella
is recognized to have a stable ROI assertcd for those wells at

step 2260. hi one embodiment, the stable ROI is asserted for
a clup well wlien tire two neighboring well delimiters ROI are
stable. A stable event fora spec&lied ROI is defined as the sum
of ditTerence of the absolute difference image is less than
some threshold Thc di(T&.rcncc image, in 0&is casu, is defined
as the difference between the current image and previous
image or previous n" image for the ROI under considemtion.i

For exmnplc, Flfi. 5C illustrates a chip well ROI 599 and thc
nvo neighboring v all delimiters ROI 578 and 579. When sum
of thc difTercnce between thc current image and the previous
i&i&age ol pl'cvloi&s &i liuttgc ili ROI 578 and 579 yields a

munber that is less than some tlueshold. lien a stable event is
asserted for the svell delimiters ROI 578 and 579. In one
emb&iduimnL the threshold &s m tbe range o I'0 to one-fourth
the area of the region of interest. In another embodiment,
threshold is based on the noise statistics of tlm camera. (Ising
the metncs lust mentioned. the stable event for ROI 599 is
asserted at step 226U Next. a difl'erence image is determined
for the chip tray well ROI at sn7 2262 In one enibodimmit,
the difference image Ia r is calculated as the absolute differ-
ence of the current clflp tray well region of interest image
I„,(ti and the empty reference inmge Iu„c The clustenng
operation is performed on the difference image at step Z266.
In one embodiment. erosion and dilation operntimis are per-
formed prior to the clustertng opemsuon,

After clustering at step 2266. reference chip tray param-
eters are compnred to the eius(cred dr(Terence in&age at s(s7
2268. The comparison nu&y include compann the rows and
columns ofchips to corresponding chip pixel area mid (might
of known chip qua&tt&ues withm a chip well. The quantity
chips present in the clip tray wells are then determined at step
2270

in one embodiment. clups min be recognized through tem-
plate matching using images provided by one or more supple-
m&ntal canwras in conlunction with an overhead or top view
camera. In another embodiment, chips can be recognized by
matcliing each color or combination of colors using images
provided by one or more supplemental cameras in con(su&e-

t&&111 with the first camera or top view camera. FIG. 23 illus-
trntes n nwthod 2300 f&ir dctccting chips during game moni-
toruig. Method 2300 beguis with deternurung a difference
inmge bets& een a empty reference image. In c of a chip ROI
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mid thc most recent image 1,,(,i of a chip ROI inuige at step
2310. Next. the difference imaoe is binarizcd and clustered at

step 2320. In one embodiment. the erosion and dilation open-
ti mls are per litrmed on ihe buiariRed image poor to clustering
Tlm prcavncc and center of mass of thc chips is tlmn deter-

mined from the clustered image at step 233U. In one embodi-
ment, the metncs used to determine the presence of the clap
are lhe area and area io duaneter Other meu ice can be used as
well As iflustrated in FI(i 24.A, clustered pixel group 2430 is

positioned withui a game enviromnent v;ithul image 2410. In
nne embodiment. the (x v) coordinates of the center clustered
pixel group 2425 can be determined within thc game envi-

ronment positioning as indicated by a top view camera. In
some embodiment, the distance be«veen the supplemental
camera and clustered group ls determined. Once the unage of
tlm chips is segmented and thc clos(cled group ccntcr of&un«s,

in the tnp view can«ra space, is calculated at step 2330. Once
fllc cclltcl'oflllass of the clllp slack ls kl«wl'u, the chip stack la

recognized usin the images captured by one or more supple-
mentnl cameras at step 2340. 1he conclusion nf step Z340
«&signs chip denoniinatinn to ouch rccognizml chips of thc
cl'Ilp stack.

FKJ. 24B fllustmtes a method 2440 for assigning chip
denomination and value to each reco fuzed clup as discussed
above in step 2340 ofmetlxid 2300. First. an image of the chip
stack to analyze is captured with the supplemental cmncra
2420 at step 2444. Next. initlahzation parameters are
obtained at step Z446. The initialization parameters may
uiclude chip thickness, chip diameter. and the bouom center
conrdinates of the clup stack from Table 3 and Table 2b. I)sutg
lhe space mapping I IJT, Table 3, thc coordinates nf tlm bot-
tom center of the clnp stack as vlev ed by the supplemental
canlera are obtained by locating the center ofmass of the clup
stack as vicwel Ibom the top level camera IJsuig Table 2b. Ihc

clup thickness mid chip diameter are nbtauled by locatln the
coordinates of the bottom center of tlm chip stack. With tlmse
uiitialization parmnclers, flic chip stack ROI nf the image
capmred by the supplemental camera ls determined at step
2447 Fgi. 23 iflustrares an example image of a chip corre-
sponding «I mi ROI capture«I at step 2447 The bottom center
of the chip stack 2510 is (X le» Ylc+ I'/2). X 1c and Ylc were
obtained front Table 3 in step 2446 1he ROI in which tlm chip
stack resides is defined by four lines. The vertical line Al is
detined by x—Xlc-13/2 where D is the diameter of the chip
nbmined from Table 2b Tlm vertical linc A2 is dctcnninc«I by
x X I c+D/2, lite top horizontal hne is y l. lite bottom hon-
zontal line is 7=Y1 c-T/2 where T is the tlflckness of the chip
obtained from Table 2b.

Next. the RCIB color space of the clup stack ROI ls then
inapped iutn colnr plnims at step 2448. Mapping of the chip
stack RGB color space into color planes Peat step 2448 can be
implemented as described below.

I l(I. yl = C„
P, =

0 el e

CI I'&ann&fir&urn Ifillenoal

wlmre r„, g, mid ba are mean red, green» mid blue compo-
nent of color k, o,„ is the standard deviation of red
component of color k, o,„ is the standard deviation of
gr&'L'n co nip of(cut of color k 0& f is tlm standard deviation
of the blue conlpollcilt of color 1. n is an uiteger, 4)
obtain normalized correlation coeflicient for each color.

5

ln

"n

nt I

o

dn

FI(i. 26A illustrates an example ofa chip stack image 2650
in RCiB color space that is mapped into Pl cnlor plaims. 'I)le

ROI is generated for the clup stack. The ROI is bounded by
Iiour lines x —Bl, x—B2, y

— I, y
—Y2c+T,'2 FIO 26 B-D

iflustrat&us thc mapping ol'a chip stack 2650 into tlucx." color
planes Po Z69Z, P, 2694, and P, 2696. 'Ilia pixels w ith value of
"I" 2675 in the color plane P, represeat the pixels ofcolor Cn
2670 ul the chip stack 2650 The pixels lvlfll value of'I" 2685
in the color plane P, represent the pixels of color C:, 2680 in

the clip stack 2650. The pixels svith value of "
I

o 2664 in the
color plane P, represent the pixels of color C, 2650 in the clup
stack 2650

A normalized correlation coeflicient (s Ihcn determinml lilr
each nmpped color P„at step 245U. The pseudo code of an
algoritlun to obtain the normalized correlation coefflcient fnr
each color, cc„ ls illustrated below. The four imtiallzed
paramctcrs~imttctcr D. thickness T. bottonl center conrdi-

nam(x2cy2c) areobtaiiwdfnimTable3andTable2b I'l(i.
8D illustmtes an image of a chip havuig the vertical hnes xl
and x2 using a mtation angle, U„The yl and y2 parmncters
arc the verumil chip boundary generated by tlm algonilmi.
The estimated color discriminant window is foun(d with xl,
x2. yl. and y2. A Distortion hulct«ln may map a barrel dis-
tortion view or pin cushion distortion 1iev into the correct
view as known in thc art A lmw discriminant «indolv 2610
compensates for the optical distortion. In one embodiment,
where optical distortion is minimal the DistortlonMap func-

tion may be bypassed. The sum of all pixels over the milor
discriminant window: divided by the arcs of this window
yields an elemmlt in tlm ccArrayl(r,y). The ccArmya(r,y) is

the correlation coefflclentarray for colork with sizeY„uf„o by
MdxRC(atfo&111«lcx hlonccmbodimlnLYd I Issnm& line-
t«ln ol'chip thickness, T 11lc cce/ra»ye,) is the maximum
corrrelation coefticient for color k. and is located at (r„oy„) in

the array. Of al I the mapp&«I colors Ce, the ccValue represents
the highest correlauon coeiiicient Ibr a particular cnlor. This
color or combination thereof corresponds to a chip denomi-
nation.

hunahze D 'I, x2 Vz=V2 I nlerLoop

Win(» Inlerl.onp
to( ' — 1» a, Zi u,a,.„

for r = I VlusRol&uonladex

Iln k = I 8 nun(co(o&x

ix I x I] = pm( ecn on«he(an lk
I I = I 2-1 +1

Reg(or& = D(uorunumapi xi.»2 I I y. I,

ccArra( I(r. I =

ruul(P,, I R»glen))u Ale& & f PI glen)
e(al k, eal r, eud

cc&(r,„.u„) =max("Au(1&fry(.
lentor cc &'aluci = rnaxlcc&(.

f wyalule -'hreahnld
='lz — I O'I'„,

Eruerl oop = u
e(se

Lure& Loop = fl

end(0
I,nd neh lel

ln another embodiment, the chip recognition may be
uuplemented by a normalized correlation algorithm. A nor-

malmcdi correlation with self delineation algorithm that may
be used to perfoml chip recognition is shown below:
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wlwrcin ncc. (u v) is tlw nortnalized correlation cocfiicient,
f (x y)istheimagesizexandy, Ibaruo&sthemeanvalue in
at u,vr te(x.y) is the template size of x and, thar is the
mean of the template. and c is color (I for ruxf, 2 for
yeen, 3 for blue.) The chip recognition selfdelineation
a 1 ororitli m amy be implemented in code as shovm below:

iehd 'lus&Loop = 1

do ( — (rt(I(all»l -1
'» = x + 1.'lo

v =-
+1

Red(»,1) = ncc tt'.&Red(.

ti(een(xa( = ncc(fr& reeu(,
ccPurplc(xel = ncc!frpiuptcl,

(u(ril u = »Msx — »M n -D I

iurt(!» = Xi&emu(0 +1.

IwChipL &I=me»(ccz d &coreeu.c&Puipl i.
»borrunil= tdonun»t — 'fl-v.
x,'( = u

if or. e Threehrrld
1 nrer1 cop = C

eud
eud

In the code above, tRed. tCireen, tl'urple are templates in
the library. f is the image, ncc is the normalized correlation
function, max is the maximum function. I's the thickness of "»

thc tmnplatc, D is thc dimneter ol'he tcmplntc. U.hr is thc
location of the maximum correlation coefficient, and cc is tire
11(axllliunt Crl&YCI&lilrlli CCCfficicnt.

To implement tins algoritluu, the systeni recoyiizes chips
througli template matching using images provided by the dn

supplemental canwms. Ri recognize thc chips in a particular
players bet tuig circle. an image is captured by a supplemental
camem that has a view of the player's betting circle. The
image can bc compared to chip templates stored during cali-
bration. A correlation efficient is generated for each template d.

comparison. The template associated ivith the Ifighest corre-
lation coelhcient (ideally a value of one) is considered the
match. Ilie denomination and value of the clups is then taken
to be that associnted with the template

FIG. 27 illustrates an embodiment of a game state maclune u

for implementuig game monitonng. States are asserted in the
game state m whine 2700. During game monitoring, trnnsi-
tion between arne states occurs based on the occurrence of
dctcctcdevents Inonecnibodimcnt,transitionbetwecnstates
2704 and 2724 occurs foreachplayer iil a galuc, Thus. scvcill 1

instances of states 27U4-2924 may occur after each other for
thc Ilillubcr ofplavel s l(1 a garne.

I'ICi. 28 illusuntes one einbodiment Ior detecting a stable
region of interest In one embodiment, state transitions for the
state diagram 2700 of FICi 27 are triggered by the detection ai
of a stable region of interest. Irirst. a current image Ic of a

gmne environment is capturcxt at step 2810. Next, tlic currmit
image is compared to the running reference unage at step
2820. A determination is then made wliether the nuufing
refcrcncc inuige is the sanw image as the current imnge If the f
current is equal to the running referetice image, then an event

has occurred and a stable ROI state is asserted at step 2835. If

thc current image is not equal to tlhc nmning rel'erence image,
then the rtumuig reference in&age is set equal to the current
image. and opemntion returns to step 281U. In another embodi-
nwnt, thc running refi:rance in&age lo dean be set to tlic nth
previous image lm,(t-n) where n is an integer as step 2840. In
another embodiment step Z820 can be replaced by the abso-
lute diITerence image, Idw I le-l, „wt. The summauon of ldw is
calculated over the ICOI. Step 2830 is now replaced w~ith

another metric lf thc sunimation of Imf, uuagc is less thmi

some threshold. then the stable ROI state is asserted at step
2835. In one embodiment, the threshold may be some pro-
portionau:ly related to the area ol'he ROI under consider-
ation In another embodunent. the Iuw is binanzed uid spa-
tially filtered with erosion nnd dilation operntiims. This
binarizml image is then clustered. A contmir trace, as
described above, is operated on the binarized image. In this
embodiment, step 2830 is replaced ivith a shape criteria test.
If the contour of the binartzed uuage pass the shape criterta
test, then the stable event is assertix) at step Z835.

Stntc machine 2700 begins at initialiwdtion state 2702. Ini-
uahzation may include equipment calibration. gmue admin-
istmtor tasks. and other initialimtion tasks Afier initializn
tron functions are perfomted, a no clup state 2704 is asserted.
Opemtion remains at the no chip state 2704 until a chip is
denwted for the currently monitored player. After chips have
been detected, first card hunt state 2708 is asserted.

IIIGi. 29 illustrates an embodiment of a method Z9U() for
determining whether clups are present. In one emboduuent,
method 2900 unplements the tmnsition from state 2704 to
state 2706 ol'FICi 27 First. a clup region ol'interest image is
captured at step 2910. Next, the clup region ofuiterest di ITer-

ence inmge is generated by taking the absolute difference of
thc chip region ol'nterest of the current image l„u(t) mid thc
empty runmng reference image I„Mat step 2920. Dinanza-
tion and clustering are pcrfonned to the chip ROI difference

image at step 2930. In another mnboduucnt„erosion and
dilauon operations are performed pnor to clustering. A deter-
niinntion is then made whether clustered fi:atures match a

chip finitures at step 2940 Il'clustered features do not nrdp thc
chip feat&usa, then operation continues to step Z98U v here no
wager is detected At step 2980, where no wager i ~ detcwted,
no transition w(11 occur as a result of the current images
analyzed at states 2704 of VICI. 27 If the cluster features
niatch tlhc chip fi:ntures at step 2940. then operation continues
to step 2960.

A determination is made as to whether insignificant one
value pixels exist outside the reyon ofv.ager at step 2960 In
one embodiment, insignificmit one value pixels include any
gmup o I'pixels caused by noise, centers equipment, and other
factors uiherent to a morutonng system. If sigrulicant one
vahie pixels exist outside the region ofwager. then operation
contuiues to step 2980. If sigmficant &me value pixels do not
exist outside the re ion of ~ager at step 2960, then the chip
present state i ~ asserted at step 2970. In one embodinient stc7
2960 is bypassed such tlrdt if the cluster I'eatures match those
of the chip features at step 2940. tire chip present state is
aswrtcd at step 2970.

Returning to state maclnne 2700. at first card hunt state
2708, the system is awaiting detection of a card for the current
player C'ard dctcctimi can be pcrliirmml as discussed above.
Upon detection of a card, a first card present state 2710 is
asserted.'Iliis is discussccd in more detail with re~pact to FILI.

32. After the first card present state 2710 is asserted. the
system recoyfizes tire card at first card recognition state 271Z.
Card recognition can bc pertiinncd as discussed above

I'ICi. 30 illustrates an embodunent of a method 3000 for
detertnining whether to assert a first card present state. The
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current card reginn of interest CROI) image is captured ot step
3010. Next. a card ROI difference image is ga&cmted at step
3020. In one embed&ment, the card ROI d&fference &mage is
generated «s &hc diifcren&m between a running rel'crence

image and the current ROI image In o pre for embodiment. thc

running reference image is the card ROI of the empty refer-
ence unage u ith the clup ROI cut out mtd replaced u ith the
ch&p ROI cootauung the chip os detemuned at siep 2970.
Btnorizotion and clustering are pcrfortned to the card ROI

&n
d&fference image at step 3030. In one embodiment. eros&on

and dilation are performed prior to clustering. Hinarizat&on

m&d clustcrin cm& be perfom&ed as discussed in morc dctml

above. Next, a determination is mode as to whether cluster
features of the difference image match the features of a card „
at step 3040. Th&s step is illustrated u& method 1300. In one
en&bodimcnt, tlm rt:fi.rencc card features are rctricvod from
infornu&tiim stored during the calibration pluisc If cluster
features do not match the features of the reference card.
&&pe&at&on cotta«&es to step 3070 uhc&'e. no ncv cold 1s n

det(«ted In one embodiment. a determination that no ness

card is detected indicates no transition will occur from state
2708 to state 2710 of FIG. 27 If cluster features do match a

reference card at step 3040, operation continues to step 305U.

A dctcrmination is made as to wlmther tlm centroid of the
cluster &s w&tlun the some radius threshold from the center of
the chip ROI at step 3050. If the centroid is w&thin the radius
threshold, then operation cont&nues to step 3060. If the cen-
troid is not w&tlun the ms&bus threshold from the center of the
chip ROI. then operation cnntinims to step 3070 where a sn

detenuina1&on &s made 1hat no &mw card &s detected. A1 step
3060. a first cord present event is asserted. the cord cluster
area is stored, nnd the card ROI is up(kst(st In one anbod&-
ment. the assertion of the first card present event triggers a
transition from state 27U8 to stnte 2710 in thc state machine
diagram o('FC&''I In one anbodim(nt. thc card ROI is
updated by extend&ng the ROI by a pre-detined number of
pixels from the center of the newly detected card towards the
dealer In m&e cmbod&ment tlus pre-deli«cd nun&ber &s thc
longer ixtge of the card. In another embodiment the pre- dn

dctlned number may be I 5 times tlm longer edge of thc card
Returning to state machine 2700. once the first card has

bern« recognized, second card hunt state Z714 will be assert&.
While in this state, a determination is made as to u:bother or
not o second card lms been detected with method 3050 FIG. 4

30A Steps 3U81. 3082, and 3083 are similar to steps 3010,
3020. 3030 ofmethod 3000. Step 3086 compm es the current
cluster area to the previous cluster area GI. If the current
cluster area is greater tlrdi»he p&'e&'«u&s ch&stl&'&'ed I&&'cu&e

ness card area tlueshold, then a poss&ble new card lms been n

del&vered to the player. Operation continues to step 3U88
winch is also &Ilustroted in nmthod 1300. Step 3088 deter-
mines &f the features of the cluster match those of the refer-
ence card If so, operation continues to step 3092 I'hc 2""

card ornth card is detect tobe valid at step 3092. The cluster 1

area is stored. The card ROI is updatat. Once a second card is
detox(at, o second card present state 2716 is asser&cd Once
the second card is determined to be present at state 2716, the
second card is rsmognized at second card r(cognition state
2718 Split state 2720 is then asserted wherein thc system a&

then determines whether or not a player trna split the two
recognized ca ds with nwthod 3100. If o player does split the
cards reco&9&ized for that player. operation cont&nues to sec-
ond cord lumt state 2714. If the player does not decide to spit
his cards, operation continues to Step 2722. A method tbr (

unplementing spl&t state 2718 &s d&scussed &n more deta&1

below.

FI(i. 31 illustrntes an embodiment of methnd 3100 for
assert&ng a spl&t state. In one embodiment. method 3100 is
performed during split state 27ZU of state dtayan& maclfine
2700 A determination is made as to whether the first rtvo

player cards have the same rank at step 3110. If the first two
player cards do not have the some rank, then operation con-
t&nues to step 3150 where no spit state is detected. In one
embodunent, a determu&ation that no spl&t state ex&sts causes
a tronsitim& I'rom split state 2720 tn state 2722 « ittun FI(i. 27.
If the first two player cards have the same rank. a detennina-
t&ou is made as to whether nvo clusters ma&clung a ch&p

template are detected at step 3120 In onc embcdbmenL this
deternut&ation detects whether an add&tional u ager has been
made by o user such that two piles of chips have been
det(mted. This corresponds to a stack ol'chips for each spht
card or o double down bet. If t&vo clusters are not determined
to match a chip template at s«7 3120, operation continues to

step 3150. If t&so clusters are det(ected to match chip templates
at step 3120, then operation continues to step 313U. If the
f(»&U&(s ol tuo u&o&c cli&stela dlc li«md to match thc fi aturcs
of the reference card, then the split state &s asserted at step
3140. Here the center of nmss for cards and chips are calcu-
lated. The origutal ROI &s now split &n two. Each ROI now

ace onunoda tea one set ofclup and card. In one embod&ment,

asserting o split state triggers a tmns it ion from split state 272 0

to second card lnu&t state 2724 w&tlun state maclune d&agmm

27UO of FIG. 27. And the state machine diagmm 27UO is
dupl&ca&at E wh one representu&g one spht hund. For each
split card. the system v;ill detect add&t&onal cards dealt to the
plaver one card dt a time

The state maclune determines &&bather the current player
hus a score of twenty-one at state 2722. 11&e total score for a
pisser is maintained «s aich dc&co(cd aud is recognized If
the current player does have twenty-one. an end ofplay state
2726 is asserted. In another embodiment, the end ofplay state
is not «sscrtal ub& n a player does ha&a 21 Ifaplavcr does not
have twenty-one„an Nth card reco rut&on state 2724 is
asserted. Op(rations perfi&mmd while in Nth cord recognition
state orc similar to those perl'ormed while at s(mond card hunt
state 2714, 2"d card present state Z716 and 2"d card recogni-
tion state 2718 in tint a determination is made as to v;lmtlmr
an add&t&onal card &s received ond then recog&uzed.

Once play has ended for the current player nt Nth card
recognition state 2724. 1)mn operation continues to end of
play state 2726. States 2704 thn&ugh 2726 can be imple-
mented for each player in a game. After the end of play state
2726 has been reached for every player ut a gmue. state
machine Z7UO trans&t&ons to dealer up card detection state
2728

FICi. 32 illustrates an embodunent of a method 3200 Ior
determining an end of play state for o return player In one
embodune«L the process ot'&netlx&d 3200 can bc perfortned
duru&g implementat«&n of states 2722 through states 2726 of
Fl(i. 27 First, a dctern&ination is made as to whether a play-
er's score is over 21 at st(7 3210. In one anbodiment. this
determination is made during an Nth card recognition state
2724 of FICi 27. II'a player's score is over 21, thc operation
cont&nues 1o step 3270 uhere m& end ol play state &s asserted
for the current player. If the player*s score is not over 21, the
system dctcrmincs u h(t (mr &hap(oyer's score is equal to 2 I m

step 3ZZU. Ttus determination can be made at state 27Z2 of
FIG. 27 If the player's score is eq&rdl to 21, then npemtion
cont&nues to step 3270. If the player's hm&d value &s not equal
to 21. then the system determines whether a player has
doubled down and taken a hit card at step 3120. In one
embod&ment, the system determ&nes whether a player hos
only been dealt nvo cards and an add&tionol stack of chips is

Light & Wonder v. Evolution 
Light & Wonder Exhibit 1054



27

US 7,901,285 B2

28
detected for that player. In on embodiment step 3220 is

bypassed to afloiv a player with an ace and a mnk 10 card to
double down.

If'a player luis doubled do(vn and taki(1 d hit card ai step

3230. operation continues to step 3270. If the player has not

doubled down and received a hit card. a detenmnauon is

made as to whether next player has received a card at step

3240 Il'hc next plnycr lrds rcceiiud a card, then operation

contuuies to step 3270. If the next player has not received a i(i

card. B determination is made at smp 325(l as to whether thc

dws ler has turned over a hole card. If the dealer has tumed over

a hole card at step 3250. the operation continues ui stc7 3270

If the dealer has not tumed over a hole card at step 3250, then
a detcwnination is made that tlm cnd of play liir thc current

player has not yet been reached at step 3260.

In one embodiment. end of play state is asserted when
either a card has bceen detected for next player. a split for the
next player. or a dealer hole card is detected, hi tlus state. the ."o

system recognizes thai a card for the dealer has been turned
np. Next. up card recogtution state 2730 is asserted. At this
state, the dealer's up card is rcccognized

Returning to state machine 2700, a deternunation is made
as to whether the dealer up card is recoyvuzed to be mi ace at "-'tate

2732 If the up card is recogntzcxf to be ui ace at state
2732. then uisurance state 2734 is asserted. The insurance
state is discussed in more detail belovv. If the up card is not an
ace, dealer hole card recognitton state 2736 is asserted.

Afler insumnce state 2734. the dealer hole card state is ""

asserted Al'ter dcalcr hole card state 2736 has occurrcxf,

dealer hit card slate 2738 is asserted After a dealer plays out
house rules. a payout state 2740 is asserted. payout is dis-
cussed m more detail bclov,. Afiter payout 2740 is asscncsf,
operation ofthe same maclune con1inues to initialization state ""

2702.
FIG'3 illustrates mi emboduuent ol'a niethod 3300 front

monitonng dealer events within a game. In one embodiment,

steps 3380 throu+ 3395 ofmethod 3300 correspond to states
2732. 2734, and 2736 of FIG. 27. A determination is made
that a stable ROI for a dealer up card is detected at step 3310.
Next, thc denier up-card ROI difference in(age is calculatcxl at

step 3320. In one embodiment, the dealer up-card ROI dif-

fercnce inmgc is calculated as the difference between the ds

enipty refercncc in(ago of the dealer up-card ROI and a cur-

rent unage of the dealer up-card ROI Next. binmization. and

clustenn are performed on the ddference unage at step 3330.

In one embodiment, erosion mid dilation are performed poor
to clustering. A determination is then made as to wliether the -'"

clustered group derived from the clustering process is iden-

tified as a card at step 3340. Card recognition is discussed in
detail above. If the clustered group is not identified as a card
ai step 3340, operation refunds ui step 3310 If the clustered,,-
group is identified as a card. then opcratmn continues to step
3360.

In one embodimenL asserting a dealer up card state at step
336(l triggers a transition from state 2726 to state 2728 of
Flfi 27 Next, a dealer card is then recognized at step 3370 so

Recognizing the dealer card at step 3370 triggers the trans&-

tion from state 2728 to stnte 2730 ofFI(i. 27 A determination
is then made as to whether the dealer card is an ace at step
3380. If the dealer card is detected to be an ace at step 3380,
opcnitiim continues to step 3390 wlmrc mi insurance Lwcnt r
process is initiated. If the dealer card is determined not to be
an ace, dealer hole card recognition is initiated at step 3395.

FI(i. 34 illustrates mi embodiment ol'a method 3400 for

processing dealer cards. A detenuination is made that a stable

ROI exists for a dealer hole card ROI at step 3410. Next the
h(lie card is deiected at step 3415 In onc embodiment„ iden-
ti lying the hole mird includes performing steps 33203350of'etlxid3300. A hole card state is asserted at step 3420. In one
embodimenL asserting hole card state at step 3420 initiates a

trmisitnmto suue 2736 of I'IC(. 27. A hole card is then recog-
nizcxf at step 3425. A dctennination is then made as to

whether the dealer hand satisfies house rules at step 3430. In
one embodiment, a dealer lmnd satisfies house rules if the
dealer cards add up to at least 17 or a lmrd 17. If the dealer
hurd does not satisfy house ndes at step 3430, openstion
continues to step 3435. If the dealer hand does satisfy I(ouse
rules, opemtion contimies to step 3438 where the dealer lund
play is complete

A dealer hit card ROI is calculated at step 3435. Next, the
dealer lui card ROI is deu:ctcd at step 3440 A dealer hit card
state is then asserted at step 3435. A dealer lut cardf state
assertion at step 3445 initiates a transition to state 2738 of
FICJ. 27 NexL the hit card is rcecxignized at step 3450 Opera-
non of method 3400 then continues to step 3430.

FI(i. 35 illustnstes an embodiment of a method 3500 for

dem111(i(1(ng ili('. dssL(i(oil ol' pnyout state In one cmbodi-

mcnt. mctluid 3500 is per fomied iv lulc state 2738 is asserted.
I'irst. a payout ROI uuage is captured at step 3510. Next. the
payout ROI difference image is calculated at step 3520. In one

embodiment, the payout ROI difference image is generated as

the difference between a rumung reference image and the
current payout ROI image. In this case the running reference

image is thc image captur(xf after the denier hole card is

denccted mid recognized at step 3425 IJinarizati(ut and clus-

tering are tlmn performed to the payout ROI difli.rence image
atstep3530 Agmn,erosionmiddtlationmaybeopuonallybe
i(i(pic(11ciitc(t t(i rclilovc salt-ii-peppct'i(risc. A (tctcriiiiiid-

uon is then made as to whether the clustered features ol the
difference image match those of a gaming chip at step 3540.

lf the clustered feamres do not match at a chip template,
opemtion contimies to step 3570 iv here no payout is detected
for that user. Jf the clustered features do match those of
gamm chip, then a determination is made at step 3550 as io

v,hether the centroid (if the clustered gr(mp is witlun flic

payout ~ager region If(bc centroid of the clustered group is

IN)i willi(it a pav(i((1 w '(ger rcgioil. (ipcl d tin(i conti(toes ui step
3570. If the centroid is witlun the wager region, a determina-
ti(iii is made as to whether significant one value pixels exist

outside the region of wager at step 3550. If significant one

vahie pixels exist outside the region of wager, operation con-

tinuestostcp3570 Ifsignificantoncvaluepixelsdonotexist
outside the region of wager, then operation continues to step
3560 where a ncsv pav(i(it cvc(1t is asserted

The transition from payout state 2738 to uut state 2702
occurs w hen cards ui the active player's card ROI are detected
to have been removed This detection is perfomied by com-

panng the empty reference image to the current image of the
active player's card ROI.

The state machine in FIG. 27 illustrates tire mmiy states oI'he

game monitonng system A variation ol'he illustrnted

state may be implemented. In one embodiment. the state

maclnne 2700 in I'IG. 2'7 can be separated uito the dealer hand
state machine and the player hand state machuie. In another
emboduuent some states may be deleted from one or both
state machines while additional states may be added to one or
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boCk state machines I'his state machine cmi then be adapted
to otlmr types of nanw. nx)nitoring. including baccarat, crap(,
or roulette The scope of the siatemachule is to keep tuickof
gmne progression by detecnng gmling events. G utung
events such as doubhng down, split. payout, hittulg, stayulg,
taking insurance, surrendering. can be nxmitored and track

game progression. These gaming events, as mentioned above,

may be embedded inui the first cmnera video stremn and sent

to I&L R for recording ln another embodiment. these gaming
events can trigger AlhLi'n)em(sey ot another'able games
nfanagemeift
Data Analysis

Once the system of the present invention has collected data
from a game, the data may be procc(sed in 0 variety ofways
For example. data c ut be processed and presented to aid in
game security, player and game operator pmgress and history,
dcterminc trendy, maxiniize thc integrity and draw of casino
games, and a wide variety of other areas.

In one embodiment, data processing includes collecting
data and analyzing data. The collected data includes. but ls
not linuted to, game date, time. table number. shoe number,
round number, seat number, car(LS dealt on a per lmnd basiy,
dealer's hole card. wager on a per hand basis. pay out on per
hand basis, dealer ID or name5 and chip tray balance on 0 per
round basis. One emlx)dimeut of tlus data ts shown in Table 6

Data processuig muy result tn deternuning whether to
"comp'* cet5ain players, attenipt to dctcrminc whether a

player is strategically reducing the arne opeuttor's take.
whether 0 player and game operator are In collusion, or other
determinations.

tion information, and the tmy balance. In one mnbodiment,
the time colunui of subsequent Imndfs) may be used to iden-

t)0 spits and/or double down.

The event aud object recondition el gonthm un1izes stream-
5

ing videos from Iirst emncra and supplmnmftal cameras to

extract playing data as shown in Table 6. 1 he (LAta shown is for
blacl jack but the present invention can collect game data for
baccarat, cmbs, mulette, paigow. and other table games. Also,
the chip t my balance will bc extracted on a "per round'* basis.

6'a sin os o fien dctcrm iiw. that co)tain players should receive
compensation, or "comp(", in thc foun of casino lodging so

they vmll stay and gamble at their casino. One example of
detcrming 0 '*comp" ts per tlm equation beloiy

Player'cnip ascii c Get uuias'hnuf"lmufs
pL)yeC"hnnse aC)anlage*fe fnvesimenl ".

In one emb(xlifuent. a deiermination mui be made rcegard-

„, ing player comp using the data in fable 6). life actual theo-
retical lxiusc advantage can bc dctermincd rather than esti-
mated. Tlxxireticul house advantage is uiversely related to
theoretical skill level of a player. The theoretical skill level of
u player will be dctennincd I'rom lhe player's decisiml based

„- on undealt cards and the dealer's up card and the player's
current hand. Tlm total wager can be determined exactly
uistead of estuuafmf as dlustrated tn Table 7. Tluis, based on
the Information tn Table 6, an nppropriate compensation may
bc detenninml instantaneously Ilor 0 pamcuknr player

Casinos are also Interested ui knoii ing ifa particular player
is implementing a strafe y io increase his Ar fmr Odds of

TABLL'

Dfua cnuccic(I 0 Ifi nial 5 fcccsafn

D,ue
(eat C.,uC( Dealer Tfa

Tune ti(les Sheen fn't, thnlel iV) ef luau(inca Paynnt )D Ra)1m e

Ocl. Iu, 1913
0(l. 10, sons
Oct. 10, zt)03

OCI 10,2()03
Oct u itin)
Oct. Iu zu03
Oct u) AU)

Oct 1(l,200)
Ocl lfl 2tltli
Ocl lfl zt)03

Ocl 10 20us
Ocl ul 2003
00 lo,znni
Oci 10,2(ftl3
ncl (V. 20ui
nct 10, 2003
Oct ul Aci
Oct Uf,znci
ot ul
Ocl. pl 2t)U

0( L II.I, 2003
0(I ln vus
OCI Iu zuus

Oct lu 2tau

).5 .26 pffl

:26 pfn
05(;76 pin
us(:26 pm

I 7(5 pfn
17»27 pm
17(i 7 pm
17 '1 pfu

I $5. t! pfti
I ttys zt! Pffi

I tl5 zt! pm
I tl 6 pfti
1.9..(29 pm
isis(,30 pl(i
19 (3A prn
."Al 29 fail
2 01 30 pru

Al tu pm
2 U229 pm
20 30 pru

spl(I
'3). pfu

2 ui 29 pal
. Ax(0 p(it

Spl t.
Cnuhle

Spht
tls Xl pm

I I

I

I I

I I

I

I 7

I

I 2

I 3

I

I

I

4
4

1 4
1

I

I

I 6

I 6

I 6

I

I

7

Dlf 10-(6)-i
10-2 4

I I)- f 0
ci 9

Dlf'l.(9f
2 ill-10
1 u)-6.7
7 A itl

Dlt A-(ln)
I I).9
9-)
A-S

D 6('i)9
A57
10 ( IA

D fi)9
2 A--\

10-.. u f

D 9-(it)I
2 5-4-s

6- I A

IA.(.ft)
D 7 l3).9

5 .'-10
7

S 710
I 7 . Ila -10

$ 0

$ 50

$ (0

$

$ 0

51A

(5t I

$ t)

$ (A

$ 1( f

$ . 0

$ . 0

$ 15(

$ 150

itl'iu
$ (A

$ 5(i

$ 50

$ 0

$(0
(5 ~ It)

$7(

0

($ 'itu

($ (nl

;$ (V)

(50)

( $ 1 I) )

ytl

(.'im

($ 5UI

110
1(0

I l(V)
($1tl)

Xvz 5 It)0

X z

Xrz
X)z
X 7 $ 1'I

Xw
X z

Xyz
X, z tl tlt(
Xyz
Xii
Xi i
X z 197(

X f
Xw
X z 1925

X z

Xyz
Xyz
Xyi
X)i
X) i
Xyz 1$ 2

Xvz
Xw

Table 6 includes int'onnation such as date and time of
game, table from which the data yvas col lcmtcd, the shoe from
wluch cards were dealt. roimds of play. player seat number,
cards by thc dealer and pfayersa wagers by the players, insur-
ance placed by players, payouts to players, dealer identtlica-

winning. such as counting cards in card game. Based on the
data retrieved from Table 6), player ratings can be derived and

6( presented for casino operators to make quick and informed
decisions regarding a player An example of player mting
information is shown in Table 7.
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Pta er Xat(u 1

Date

Theoreucat
T(tat Itouse Theorehcal,yctual

Piaye( Durat(on W?Se(ed ad?ants e u'm Wur Comp I'utme

tu1. I 2«03 I «u "h 3O Iu SIAGO -in( -IAAA A Piohahle
hu(, I nn3 IIG? 'h 30 m S«a)u I I(lr( Au A to

Otlmr information Ihat can bc retrieved from the data of
I'able (? includes wlmther or not a table needs to be tilled or
credited with el«ps or whether a winnings pick-up should be
made. the performance of a particular dealer? nnd whether a

particular player uins significantly more at a table with u

particular dealer (suggesting player-dealer collusion). Table g

illustrates data derived from Table G that can be used to
determine the perfornmnce of a dealer.

TAIII,R g

"A

Deuter Perfonnance

Dcatcr iiui Dealer! Il

El?pard I'(me

«suds'H r

Nm

Sho(1

Erw(a

GA nuu
IAA

— An

«I(.

5

G(r A1A1

AA

G

"A

A player wager as a I'unction ol'hc nmning count can be
shown I'or both recrcalioual mid advanced players in a game
An advanced user wil I be more likely than a recreational user
to place hi@ter wagers when the ruiuiing count gets higher. „

Other scenanos that c m be automatiailly detected uiclude
whetlmr dealer dumping occurred (looking nt dealer/plnyer
cards and u mgered nnd reconciled chips over time). hole card
play (looking a player's decision v. the denier's hole card),
mxl top betting (adit'I'erence between a players bet nt the time dn

of the first card nnd at the end of the round).
'lite present invention provides a system nnd metlxyd for

monitoruig players in a arne. extmctui player and game
opcrntor data, and processing tlm data. In onc embodiment.
the present invention captures tlw relevant actions and/or thc d.

results of relevant actions of one or more players and one or
more game operators in game. such ns a casino game. flic
systent mid mell«tds nre fiexiblc m that tb(.y do uot ra«Intra

special ganung pieces to collect data. Rather. the present
invention is calibrated to the particular Coaming pieces and -'"

environment already ui used ui the game The data extracted
can bc proccsscdl and prcscntcd to nid in ganwsccurity. plnycr
imd game openttor progress and history, determine trends,
maximize the integrity nnd draw of casino games. and a wide

:?

variety of other areas The data is generally retneved throuph
a series of Cameras tlmt aipture images of g uue play Imiu
different migles.

The foregouig detailed descmption of the invention has
been presented for purposes of illustration and description. It ra
is not intcndcd to be exhaustive or «1 limit thc invetttion io thc
precise form disclosed. IVIany modifications and variations
are possible in light of the ahorse teaching. The described
embixliments u ere chosen ui order to best explain the prin-
ciples of the invention and its pnsctical applicstion to thereby r
ermble others slolled in the art to best utilize the uivention in
various embodiments and with various modifications as nre

suited to thc particular usc contemplatucdf It is intcndcd dint
the scope of thc invention be detined by thc claims appended
hereto.

Wc cl'(iiu:

I A method for recognizing a game element in n gmnc
Cilvi«111111Cilt. CoillpriSiilg:

(a) capturing an initial calibrat«?n image of n game envi-

rwuncnt background surl'ace associated uith m

expected location of a gaming piece«

(b) capturing a reference image of a background surface
witlun a game environment:

(c) storuig ihc refcraice unage oftlm backgmund surlace
within tlm gmne environnwnt,

(d) detecting by the computing device a start of a game
yvitliiii tile giiiuc cilvirotltucnt,

(e) captunng a current image of Ihe backgroiutd surface
v ithin thc game cnvironmcnt after the ganw. has started;

(0 detectuig by the computing device the presence of a

gamin card by companng the reference image and the
current image to identity dtITerencus bc«s(mn the relcr-
cnce image nnd thc cnrrem imago, the di f1'crences asso-

ciated with the presence of the gaming card;

( ) conip uing by the computing device a pomon of the
uiitial calibration image of the game envirwunent back-
ground surface to a corresponding portion of the current
unnge of the game environment backgmund surface. the
portion associated with the game environment back-
grointd surface.

(h) detecting change in pixel intensitv values for the for the
portion associated with the background surface of the
game environmen1. the curren1 un ige of the gmne envi-

ronnwnt captured of the game environnwnt during a

guttle,

(i) capturing a second calibmtion unnge of the background
s offace w I Ih ail tip if a!cit c ' met" I scu«1g In I'a sp011sc «1 Ibc
tlluntinattwt detected change in pixel uitenstty values
determinucd by comparing the reference image of the
game environment to the airrent image of the gmue
envmmment captured dumog a game. the detected
chmigc in illuminatiim triggering a calibration event

wluch triggered the capturing of the second calibration
image. the camera settinoo updated based on the illumi-

Irdl loil el it(11gc:

0) storing the second adibrntion image. Snd

(k) repeating the steps (e) tltrough (j) based on the second
cshbrntion image mtd a secw«l current image.

2. The method of claim I. further comprising:
capturino a second reference image ofa game envirimment

by a second camera. the Iirst reference inm e captured
by a first camera posiuoned over the game environment;

mnpping the position of one or more game objects in the
first referetice image to the position of the one or more
game objects in the second reference image: and
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storhlg position Inapplun Clara fill thc olm or nlorc gBlnc

objects bascxl on said step of mapping the position ol'lhc
onc or nuirc game objects, said step of comparing
including.

calculating the difference image from the reference image
and I bc current captured i nuigc of thc gmn c env iromn cut
dunng a game.

applying a threshold to the diffi:rance image lo idmltil'y

pixels tlmt satisfy a threshold,
identifyuig sets of neighboring pixels that satisfy thc

1(1
tlueshold into onc or more groupg

dclcnnining geometric li alurcs of'theone or more groupg
aful

compming the said geometric I'eatures of llm one or nlore
groups to suirod calibration data

3 The mi:thod of claim 1, further comprising
capturing a hrst chip refercncc inmgc by B second cmnem,

the second camera positioned to capture a side vlev; of a

stack of one or more chips placed in the game envimn-
nlcnt:

capturing a second chip reference image by the second -""

camera;
storulg the first clup reference image and second chip ref-

erence image as a template; and
deriving chip staustics I'or the chips ln the slack of one or

more clips from the stored template.

4. Tlm method of claim 1. fhlther comprising:
perfonnin a calibration task ul response to tnggerulg a

cahbration event during arne play, the cahbrauon task
ulcluding stonng an unage associated with a subset of
the background surface of the gammg environment, the
calibration immit associated with the determined illumi-

flal ion change.
5 Thc method of clnim 1, fhlther comprising
dwidln the image into an array of regions. each reg«m

encompassing a portion of the hackgroluld surface ofthe
game enviroluncnl, and

genemting image calibranon information from image data

for each array region. the image data derived fmm the
image of the gmne environment.

6 Thc nwthod of claim 5, lvhcrcin tlm inlage cnlibmtion
inl'ormalion for each array region ulcludes localized par un-
eters for each array region for one or more cards. chips or a

gmning surface filr the particular array region
7 The method ol claun 5, wherein the image adlbralion

information for each array region includes localizcxt color
space inliinnation for one or more clrrds, chips or a gmning
snrlnlcc.
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