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SYSTEM AND METHOD FOR | NTERPRETI NG AT LEAST ONE USER MARK RELATED

APPLI CATIVONIS010/015930 Thi s application clains the benefit PO/IBRIOP/BEH6S at es
Provi sional Application Scr. No. 61/086,180, filed August 5, 2008 and G eek
Application Ser. No. 20080100525, filed August 4, 2008, each of which is

i ncorporated herein by reference inits entirety. FIELD OF THE | NVENTI ON
One enbodi ment of the present invention relates to a nachi ne-readable form

configura n&@% t he

pr esent M%@'f‘ﬁﬁﬁ%ﬁ@@s% ?Qi%ﬁﬁ’%ﬁ[}%}n% éﬁg& ggwg%gﬁb user

mar k (and aSSOC|ated(H%pﬁH@%B TINGAd y of user marks
may be interpreted. I n anot her exanple t he machi ne-readabl e form may
be a lgit erppRlpf [BlARongur vey, test, or the like. I n anot her

ex anpre—lgge—systenrnay—rnterpret user mark(s) made on a lottery play slip,
survey, t eS[thls)afppihhﬁldni d{z&ms the benefinofllvitdues tatex Brplistonal A@pEysion Beao.

i nterpret user de on a paper .or the like haV|nanon ﬁlanar

di st ot {BR(SP: filed Auguﬁér 29%3%@66% APEFaBSF i M- rQOBNG 0P 1ifHEhGuehe 4,
pr esenpol "é\‘%ﬁﬂ‘&{ﬁﬂrchﬂ@ﬁm&%f@t H@rélﬁw S iR enl(tjl et}r”t ended to refer to the

f orm upon user places nar to 1 ndicate red sel ection(s).
Further, for the purposes of describing and claining the present invention,
the term "l 513 ﬁ is intended to refer to a receipt indicating the
sel ectilk .]\Da, roce—HBYy—a QN Further, for the purposes of describing

and cl aim flﬂletéﬂ?ooﬁirﬁ&ﬁ'&fftﬂe%%hi aaentmerataﬁersmaaiﬂaeﬁab@éada’arelf mhS intended to
refer to a mark defining a datum point or standard of positional reference

used agnﬁgtbatsons(aﬁ@asso@latedlrmth@ﬁ or measurenent.

2010/ 015930pPCJ/ 1B2 /00 f.or the des and
claiming LRSI EaRPIrRIRT e et Rar st o(1 8% B ?wa Rk Mded 1o
refer Oheugé}nadrgaa@rhs%cﬁaédnnbﬂlb@@ded to receive an indication of a desired
sel ection by a user. Further, for the purposes of describing and

cl ai ming t A ope exmmlc.ianeisting usehmatke mpybsdaicBgRéhvar i ant” is intended to

refer to hayhnghdN&afhld e EAHALL &Sk GIndy B a Wity NI9Y sIf) 3098y YOS
the like.

In another example, the system may interpret user mark(s) made on a lottery play slip,
survey, test or the like.

In another example, the system may interpret user mark(s) made on a paper or the like
having non-planar distortion(s).

For the purposes of describing and claiming the present invention, the term “lottery play
slip” is intended to refer to the form upon which a user places marks to indicate desired
selection(s).

Further, for the purposes of describing and claiming the present invention, the term
“lottery ticket” is intended to refer to a receipt indicating the selection(s) made by a user.

Further, for the purposes of describing and claiming the present invention, the term
“fiducial mark” is intended to refer to a mark defining a datum point or standard of positional

reference used as a basis for calculation or measurement.



different scales (or distances). Further, for the purposes of
describing and claimng the present invention, the term"inage sensor"” is

i nt ended WO 20®/®f9300 t hat part of a canera whi ch conver PE€TAR2009D663] | mage
into an electrical signal. 10Further, for the purposes of describing and
claimng the present invention, the term-interpreting user marks" is
intended to refer to identifying at | east the presence and position of user
mar ks. Furthe or, the purpeses .of descri bing, and claim t he, present
"vent i on. Firae S DR B AR Plog AR SmibinSR e Pl o gBh 5%

pr oj eGhdrRing @Bl OistiftenddBg ecfof tolMarfOsH 4 Frm iafenltBLoGBE &F anlip@fcaton 6f £ment  of
the form (e.g. fiducial mark, user marking cell), under the assunption that
t he f @lesirddsseloctempy 2 BRCKGROUND OF THE | NVENTI ON Forns i ntended for lottery
ganes, sur j . L Li.onal | f «
scanners, %ﬁ%@%éﬁgéﬁgﬁfﬁgﬁgpggﬁﬁﬁé&ﬁgéﬁgﬁ?@#%ﬁ?%§&$?5§?§H§%%3%£é5§rFﬁ%ﬁtr]

t he hehwriaht riolnt@rdsd anefaps hagag bed or Morrdarwicrivgesttha Witlmot tianigbandganni ng
head. Subsequently, scanning was performed under controlled |ighting

condi tdildeentisrales o disépsey- a set of colors, ternmed "blind colors" (e.g., red
and its cl b : 1 . rkings as
wel | as ang%?ﬁ%ggﬁg%?é%bﬂ%g%fgggbgg%a%géggﬁﬁgéh?hggggga% ?ggﬁgégﬁ?ypically
been cohageednson” tshetsed@btblrefiedtoctbhtqrast, ofsacatrivet whitk centrats ab@ptica deggmine

gui dance, f or Lhe qser's pl acenent of marks, but the guides thenselves

remai FBGISTLENEMl y invisible to the scanning sensor. This cased the user

mapk det ecti RcPFRGRS furphidiot HORAbINTRGHA 'cﬂl?rhfn%atg@-ﬁleﬁeﬂt nelicagSn, TRYtchave been
printed in nachlne-V|S|BIe ink along a side of the form separate fromthe
ar ea alitgoetiod user naks” ivantkidedso rafor thedqntifeg phicet ércpresehce el pogsintife
narkinggare%s (typically arranged in the formof a rectangular grid) by

30t he "RECAI"N&. These machi ne-readabl e mar ki ngs would traditionally all ow
conpensat i grther, fdrhige gurbfsed 39 d&LEbME M clhimkdrp@Re Wsent invention, the term

2010/ 015930PCT/ 1B2009/ 006652 i mage shift and/or rotation encountered during
t he scalppmpspioac ésiatended togsfer & Merelpepintdnghticlipagoeiiay pasifionehide caper i al

i pkor j i pPoSLti I h .

ad O sh ooy e (AR G RRRH BinERRk Hebllnk Pab et RRRSMhmicher e e
its formisplanar.

BACKGROUND OF THE INVENTION

Forms intended for lottery games, surveys and the like have traditionally been read by

20  page scanners, whose mechanical feeding mechanism also flattened the form with the help of
rollers and springs before presenting the form to the scanning head. Subsequently, scanning was
performed under controlled lighting conditions that disregard a set of colors, termed “blind
colors” (e.g., red and its close hues). All the regions that are intended for user markings as well
as any information not required to be machine-readable have typically been colored in these

25  blind colors, so that there has been adequate guidance for the user’s placement of marks, but the
guides themselves remained essentially invisible to the scanning sensor. This eased the user mark
detection process. Additional machine-readable indices may have been printed in machine-
visible ink along a side of the form, separate from the area allocated to user markings, to help the
inference of the possible marking areas (typically arranged in the form of a rectangular grid) by

30  the machine. These machine-readable markings would traditionally allow compensation for the

2
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di rensions are typically dictated by the docunent size and nmechani cal
conplexity, increasing its 5overall size and manufacturing costs.

Addi ti onaWDRo1wvEadar mai nt enance is typically needed, PCTHRE0IDI6F2asi ng

t he ownership cost. At least in part for these reasons, inmage sensors
have been proposed for the task. O note, image sensors have been known to
be used in the art for readi ng barcodc synbols, but these bar code
applications.operate under strict printing tolerances for, machine printing
and o e 0% AT ghion Peviast dysnd srdoins Rrates e adfelely”
sensolconiy daly oSGt RT IHEintdrnion g DRAMMNGRJ/Iripgsitiod iBthe BOWpaySt ens accor di ng
to various enbodi nents of the present invention. ) Fig. 4 shows
detai|l of dhedteddiopalmagy sednngr hpgGomptesrag mecciss mgrhamsdldiapsicnss its he present
15i nvent ion [ ' ' ' [ r fii ' 401 A
and a0inggors 3 SBich B ol PR EeleRBlL ik Rt LOMBIR TREERIPE £
500 ( avtmttsiznnd snatufaeairdg costs padditiendlgr regolat maiesiahondltyficdlyaicaliedyar ks
501A and 501B). . Fig.. 6 shows a view of a larger portion of lottery

pl ay dWithss mesersiigdhe@gngdRiPEPYs 4 and 5, respective] y). 20Fig. 7 shows a
view of a |ange: RS BPiRLe FQldngri ki O8N Lk LG Notd! &y
slip 700A inc%%poﬂ%tgg vg%igh%ﬁgﬁ%gg%%%ﬁ§s 0 e?%gﬁg?ggg%fginééﬁ%ﬁgﬂ(gﬁch as
f i duciimbhgaemkss iddethee0 kBowndo bisesedmatte angfoc adadmgimucvde dytopola, o thdst bard

color while lottery pla lip 700B is of a convent.ional _.type).

Fig. SOUHIRRicHA PGt Wndep gt Rrging olstengesgBbmanis B piE BIA{ e nbodi ment
ofiot hecRERSEM redridANENhh ORciliBldsaRidiRNbY Sudtid Ralged 1 n particular to the grid
of user marking cells bounded by a non- blind color). Fig. 9 shows
detail of a conventional lottery play slip 900 (attention is directed in

partigﬁgggl@%¥§§ﬁggggﬂggh$gi§§f§&§$§39 cells bounded by a blind color). 3
NY 239,7665; —28-% ' 30PCT/ 1B2009/ 006652 Fig. 10
shows a Vi @y0f-33hBar dyk@sbcdrink @6 Yarilud ¥nfboiRcntOO0Ae BRdent GRRBt(h Ot t ery
play slip 1000A incorporates various enbodi nents of the present invention

such as usdéig rfashemmglctel ofsa ledtartieldy sip 400 eecoding do epeybpdiment of the present

15  invention (attention is directed in particular to fiducial marks 401A and 401B).

Fig. 5 shows detail of a conventional lottery play slip 500 (attention is directed in
particular to conventional fiducial marks 501A and 501B).

Fig. 6 shows a view of a larger portion of lottery play slips 400 and 500 (of Figs 4 and 5,
respectively).

20 Fig. 7 shows a view of a large portion of lottery play slips 700A and 700B (lottery play
slip 700A incorporates various embodiments of the present invention such as fiducial marks
701A,701B and user marking calls bounded by a non-blind color while lottery play slip 700B is
of a conventional type).

Fig. 8 shows detail of a lottery play slip 800 according to an embodiment of the present

25  invention (attention is directed in particular to the grid of user marking cells bounded by a non-
blind color).

Fig. 9 shows detail of a conventional lottery play slip 900 (attention is directed in

particular to the grid of user marking cells bounded by a blind color).
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Fig. 11 shows a view of a portion of conventional lottery play slip 1100
(attention is 5directed in particular to conventional fiducial marks 1101A
and 1101Bveardiatssnti on is directed in particular to th&CHGB249/6G6632ser

mar ki ng calls bounded by a blind color). Fig. 12 shows a view of a
nunber of conventional lottery play slips 1200A-1200D (attention is
directed in particular to conventional fiducial marks, attention is

di ted in. ticular.t h i d.of Kj |l d .blind
col or and TGP E e e} bEedan £ Rste gy s DPATTHPoRE AR sy Bimgs”
al ong 100€A Ghicdtpérates VAESuP EmbEENTcAisNdY) the present MiveiBtionl §Ahai’dusts Biaskigw calls

flowchart providing additional detail regarding a detection/determ nation
met hodroredadrtyi avepntblingrcodetbodi ment of the present invention (of course, as

seen, the fd. o i N r : Fi at .1 he
top of Fi g.ﬁlé\éwd) .9&1 Aérjr%?leg\jJ £ ﬁg]séé@%%%g %F@egﬁéﬁaﬁ%ﬁ%\yed&#? ﬁ\fgg (E&avtel égen
di scl asected o paticolbf Rcisvamibnatflantidgeskofl 10 A and NVEIB aod atténtion he diveged

apparent fromthe fqllgow ng description taken in conjunction with the
acconpaRtisgar fofhe gdd ofrpser agkipg saltsdivansied e Blinghelods t hi s specificati on
and incl ude:;j | i, V. [ f [ QN )
illustrat eq:\l/ 'r!%ég&gﬁtbjaeﬁte ?n@ﬁg eat ﬁrogscoglﬂglrtg%? ﬁ%&&ﬁkﬁﬁﬁi@@% 1P2 IOB\I OF
THE | NMENTIbONs directed Detparticebir enbomiverinis! diduthé markseatention eint dioavter m

di scl osed herein; however, it is be underst.ood that .the disclosed
enbodiPREHTET &} Bt yHsey Wﬁgﬁllﬂ%fﬁlf?g)o&}?detdh ¢ Riehesion PR ACHEP BETEHHOH ed

I noVarho4godkQr MRat i, hAREHIARMorRAMR ®indrSideX&MRE Ein@).ven in connection

w th the 25various enbodiments of the invention is intended to be

i |l ustratiFegs. 4 andtl 3Bebow jadlowcbart providiag addinendlidgiatlaegaadiegmot necessarily

l e, . f b d,. details of i cul
compodehE o Ee Ry D oY e Br PP AR S TR B R PO R G e
are, Qf s&uthedlow fortindedirda (A af th Bstkémbl ¥&y. aBA tHQA) it8BE fdpWIFYE)13B).

Therefore, specific structural and functional details disclosed herein are
not to be interpreted as limting, but nerely as a 30representative basis

avent  on. TR waE e g iGrSEheh® it Rt dB TRt YRS 6B 68
As desdvaregts bEthed inyentimi wilisheeoio dppaeerit Srond thictfell rag@picripiive tdkicnin pr ovi de

systens with inmage sensors for_reading _human-marked forns. One or nore of
such ERPYBFHARINVEN theyrcerprRanying sl Aafiguice Foustifite 2 Rt 8E fhepeeifisation dWal | v

encouqﬁ&weﬁummvg QRS 'e%adfthgpggeﬁ ERRRMGh SRGALNAV LRI BlRREHEN |

anbi ent um nation and/or for at ness.
features thereof.

20
DETAILED DESCRIPTION OF THE INVENTION

Detailed embodiments of the present invention are disclosed herein; however, it is to be
understood that the disclosed embodiments are merely illustrative of the invention that may be
embodied in various forms. In addition, each of the examples given in connection with the

25  various embodiments of the invention is intended to be illustrative, and not restrictive. Further,
the figures are not necessarily to scale, some features may be exaggerated to show details of
particular components (and any size, material and similar details shown in the figures are, of
course, intended to be illustrative and not restrictive). Therefore, specific structural and
functional details disclosed herein are not to be interpreted as limiting, but merely as a

30  representative basis for teaching one skilled in the art to variously employ the present invention.

4
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SFurther, as described herein, various enbodinents of the present invention
provide a configuration (e.g., a design) for printed fornms intended for
users to WORHAMi tten marks such that the forns are $OTIBRYIOR0G66F2
scanning by a single canera. In one exanple, reliable mark interpretation
may achi eved no matter the flatness of the form (in this exanple, as |ong
as the user marks arc not obstructed fromthe canera, the formcan be
curved, folded or en.10cr.unbl ed).,. Furt her. as. descr.ibed herei.n,
Tartous entSucHHES ToRiT R PR RS RmAys AF I ot e TR e

uti |l Z2@8e@sdn98rBE:QBidigehdhhmatRatioRYL DHRITR dr& 81 flich eaibbtRRtd Mhy RAUEEd by
out -of pl ane distortions of the form therefore allowing the interpretation

of t her ebminataediatglémitatinns draditioghley ¢neguetced yedy canygrtianghinmagR sCort h i mage
of th . i . i jon provides a form
conpr?g%%%gkgég} gg%ﬂ%%%nggéﬁlﬁg?ggﬁapégﬁﬁqgﬁ%@%ﬁﬁ%%ast one fiducial mark;
whér ei n t h&ukthelyas adsctibedkhdiéia, wrivaasmbadihenprodpler prsdnhatvehttorg@seidt aal | y
scal e-invariant (for exanple,. as described in nore detail below, such a
meas urCaBi @A ErE 2 %ggnggmm?é fgrpgintended fognsers &npythapdhwritterymarks suetar k

over fi‘ﬁ‘at@l[fle:ﬁ)rr%l% al%%ultéﬁlé’%r%aﬁ"in%"l%% Liﬁ&ff'e Cgﬁ)lre}aihg{log e h@lé rdH6|Aharar k) 201 n

one exanp e formnmay be selected fromt group consisting of: a
| ot t enyteppiretyticl mpy achiswed neymatten theafldtassts of the famo{ihehis exangb s lotpeastbe m may

conprise a plurality of er rkin ells. In another. ex l e, the
C e st Rk et bbseteted 3 B o 010 PR B PR EGHL o e BRI | o bl e 1o

the i nRgRpis@nsor (e.g., wherein the ratio of the area of the mark (that is,
the area 25enconpassed by the outline (inclusive of the outline)) over the
area of thd&uftheies ddsc haseipntasious empeditricots of thapresent invohtianprporde kon) i s

predeterm ned),. ... I n anqt her. e le, the,fiduci.al r co i se an
Pt s et utiizes o sty RHa o BBl frpomiils ' €thBhs HRGGuFReyRIBE!

por t i QarRrdidib@idnd bf te Ehkhdrétate dIDwasS@Btintatphitatisif ofths FdRhEmbRiddd €ronimage
sensor (e.g., wherein the fiducial mark thus appears hollow to the inmage
senor SHWF BORAsensphtheheanrtalkq piudfinage ofthedowt. t he mark that is, the arca

CaS e A BB 05 B NP R LB 0
mar k' sndrkingrceld angoaxrltasd bnd fihadialinsark hohdroiy thofitli@a)mark hps e detearrablaethperty
that is essentially scale-invariant (for example, as described in more detail below, such a

measurable property may comprise a ratio of an area of the fiducial mark over an area of an
interior or “hollow” portion of the fiducial mark).
20 In one example, the form may be selected from the group consisting of: a lottery play
slip; a survey; and a test.
In another example, the form may comprise a plurality of user marking cells.
In another example, the fiducial mark may comprise a hollow outline printed in a color
visible to the image sensor (e.g., wherein the ratio of the area of the mark (that is, the arca
25  encompassed by the outline (inclusive of the outline)) over the area of the fiducial mark’s
interior portion (that is, hollow portion) is predetermined).
In another example, the fiducial mark may comprise an outline printed in a color visible
to the image sensor and an interior portion printed in a color that is essentially not visible to the
image sensor (e.g., wherein the fiducial mark thus appears hollow to the image senor and

30  wherein the ratio of the area of the mark that is, the area encompassed by the outline (inclusive

5
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I n anot her exanple, the fiducial mark may conprise an outline printed in a
color visible to the image sensor and an interior portion printed in a

col or thawoi2810411880vi sible to the image 5 sensor, wher @CH/IB2OP/B06652
sufficient contrast (and/or other distinguishing feature(s)) between the
outline and the interior portion for the inmge sensor to distinguish
between the outline and the interior portion (e.q. V\/nerein the ratio of

th th t th t|

e b R s o B BT BABO A P s o

por ti gRedetdtingdy, hol Il ow portion) is predeterm ned). 10In anot her exanpl e,

the fiducial mark may be of a shape that provides orientation infornmation

(e.g., an ilB@Betb¢rexxampicafhyl feduck! megpaay cempaseshapilinhpigicd W agador vsibls 401 A
40

mechans Sleiege b B BECHIBh Frinklliy b LORENALLTONTRE ERHEE  e

f osm ypmyor, Whiticedin titiege fsi sdeﬁmait comtdst (addfor bﬂieﬁdlsﬁﬁgmﬂﬁngj&hﬁﬂfm)‘) @@Jm(een glc
cal cul at ed). 15l n another exanple, a pluraljty of fiducial mark
provi @ugine and the inEFTIgRh BRIHER %@B?rﬁ%%e seheor & dindR@ishsatw ey e AYtliae ml%th@e g ,

the Olﬁtltleh &{1 % érbﬁ)th@PaY OQ)?tl&r Q&@ﬂhb tha Qﬁé}qg tﬁ@a"}ga Eﬁco p%kst%h% to the
i mage sensor. ? er exarrp]] e, dicia rray i Spose |n one " or
nor e useouthee kncﬂgsmced)ﬂ the oimhlna)j «wbrethe arcap te, fiduoel mad{ s nﬂermrpoctmrﬂnh?s &,
nunbers. and/ or letters ot her enbodi nent of the present invention

provi &IQEO%{PQ%Q ﬁﬁl?rBﬁiet?rmlB? reting at |east one user mark on a form

CQQPpri sing:y @Hothé@&%n@?é“%rﬁdﬁﬁ@nﬁﬂp mﬁb@ﬁf'@@ha?)"e@l%%?&ﬁdés%ri@ﬁﬁﬁéﬁ' ve
comuni cation with the i mage sensor; erein the image sensor and the

progr amﬁwerdatplid@@s%n5®¢@e&:@naﬁglgm weperoid, ¢ shape ahowi it Bigad 8% 40 hoedWdveen at

| east a first f duc m and, a se ondfldu k on.the
form wher di Ao SRl Heddis) At AT RTo FESRel v 47UAe TReSll abre
pr operthyinidpadisensdr 85HERE pattiol oS @Rl Brrh DPeH Walth;th@fdudif)mirRiepdited may bkeast

one user mark in at | east one user marking cell on the form based at | east

i n padetcapardine. edrdatedt ed di st ance. In anot her exanple, the system
mpy cal cul 2{‘?0@%9’ Wh&ﬁl?e aBﬁﬁXﬁ?%f‘ﬁHﬁm %Q&&ﬁﬁg%%gr@\qgecﬁt | east one fiduci al

mark on th iducl a neasur abl e property that
i s essenti dhhyotheradxemiptey afid avhorcusbim2&eh g6&8ls Q7 4.y the bulGreQF sMB cells) may
2010/ 015930PCT/ 1B2009/ 006652 Anot her enbodi nent of the present
|nventtﬁ%’ﬁmfﬁdd(ha(?@?réhaitrégt‘ﬁﬁaleftﬁlthqlﬁtaé%ﬁ“@?’i ng at | east one user mark on a

form comprij §h&ier dx@hnph? klfﬂ%lé‘hiag}%e"i‘hs% f&ﬁngﬁ& wﬁgﬁgr@ﬁs& fan, odifs! St

fiducial mark on the fofmand a’seco UCI a on t m wherein
the first dmdnahmmxdnﬂpledﬂrel1ad11cnrand<§scoemrtseh1an1é>ela; and@s lateld. e property that is

e entiallysal arl and (b) inter t 5 t one user mark
 A0at | east® Bk Phe BBetidhverhat pBhies dSedomtor BlephRe fiEistpon
the cghg ‘tlké%tn%ilk @h%tféﬂﬁ Qomprising: 4MindPRLERor; %ﬁ%r@gra&%d&’ﬁ&&@%r "@M}&&@t hwul ate
a distance between the image Sensor and at | east one fiducial mark on the

form cmhmtemcmtlbh evithithielohage spesok; wiagzela themsageatiser prdbibe programaned ipgocessor
ALY ar&conti (|:0I gure tg (Iag.lcael1 ulgtre]ta'distance between at least a first fiducial mark on the form and a
second fiducial mark on the form, wherein the first and second fiducial marks each have a
25  measurable property that is essentially scale-invariant; and (b) interpret at least one user mark in
at least one user marking cell on the form based at least in part upon the calculated distance.
In another example, the system may calculate a distance between the image sensor and at
least one fiducial mark on the form, wherein the fiducial mark has a measurable property that is

essentially scale-invariant.
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10Anot her enbodi nent of the present invention provides a form conprising:
at | east one user marking cell, wherein the user marking cell is in a color
that is Wi2B10016930t he i mage sensor. I n one exanpl e, th@&CTABOKAY66HE
selected fromthe group consisting of: a lottery play slip; a survey; and a
test. I n anot her exanple, the formmay conprise a plurality of
user marking cells, wherein the 15plurality of user marking cells is in a
color that js visible to t i mage .sens.or . | n_another, ex I t he

For m may-t dvoles SeBngrl QL b LR P BReR BiENPh amvides e RO lahefi et ietic: a
mar k as uerfBak 8halfben Roaeking: (ahahlchistiss eRtadnad batweehtScdshy @ikt Aducial or
exanpl e, as described in nore detail below, such a neasurable property nmay

conpr insEk an thg fogmgnd ancepnddidyriat merk erthe ifenm., rdierein fher firghangrsegonst figagial
interi T ' i . f Al 201 | e,
the 1 PGl Bl £ Bleo AL BiboBl UREis SEHEARY IR huri R MBS RIEE: 1
t 05t haecdshmgeussematk in(ae legst, onstugeraharkingeecll @hitie formtbaseddateansoin fakaupdarite (t hat
is, the area enconpassed by the outline (inclusive of the outline)) over
the ardlgultedidigtancequcial nark's interior portion (that is, hollow portion)
is predetenm I 1 i r i n
outline pr ilﬁlta‘gﬁg%rnexg&g gelng{rem\p}%ﬂsl%ﬁ‘g? fgltc %1taftéﬁdeél:5t%af{%e‘e%i\g§@()t§e %@%ﬁﬂw g??tgr
porti densponenficaatial maak oo therfotrhavhdrsindlss Bdidia Inhark heg a wiegsupdtde ppthe tharege
sensor (e”ah} wrerein the fiducial mark thus appears hollow to the inmge
senor S&¥gH é%@eﬂnYﬂEmfatio of the area of the mark that is, the area
engonpassed Riyhdr RfbOdhdnh8f t(htb Pedsbist iNEen@bn HRSi QU fofe) donP¥BIngt K@ cakf 8Rc Of the
r S

fiducial mark's interior portion (that is, hollow portion) i

pr edetusenmartig, ceit, wWere@ghsa®r optking zelp8-109 color 204 Oy 015 B30 FETihB2 6080006652
| n anot her ;exanpl e, .t i duci al rk onprise an outl.ine printed in a
col o vi<i B8R ittt furtihdhs ek dom TRORCLF Su BB RE PR,

col or stipad sursey2bS®a Wsgi bl e to the i mage sensor, wherein there is sufficient
contrast (and/or other distinguishing feature(s)) between the outline and

t he i nteri dp apshen axamplss theferm mageoswrison ptusaltdy of pyeg masking eehve etherekethe

oytl i 2 i ri .pQrii e G el tio of the area of
HS b ol e ot L 2L 1R Reblob el & ybie M Shthet Es0F o usi ve of ¢ he
outline)) dwenothfreexampk, dic fohe nfayduchalconmprike st least oné Hdugpd mhdarbywhdrbiat i s,
hoIIOM/pgrtion) i%ﬁpredeternined). I n anot her exanple, .the fiducial mark

may béhofduciad magsk hanhamepiushleipropeity B3t Brestsatiplhy sratminy gant gfog examplejasoscel es
tri angl.e.. 3 i i i r

ot naeSoribRd if ABRERUE bos\GRR aHhOMabR pRfhrty Ao A0S rodof

di st anlefidicidl meark vagransecsoianfinerivt o hpdp e’ portoh of e fidrcil vpok). whi ch t he

et g PR b St ned g e Gl s ] 03000
visible to the image sensor (e.g., wherein the ratio of the areca of the mark (that is, the arca
encompassed by the outline (inclusive of the outline)) over the area of the fiducial mark’s
interior portion (that is, hollow portion) is predetermined).

In another example, the fiducial mark may comprise an outline printed in a color visible
25  to the image sensor and an interior portion printed in a color that is essentially not visible to the
image sensor (e.g., wherein the fiducial mark thus appears hollow to the image senor and
wherein the ratio of the area of the mark that is, the area encompassed by the outline (inclusive
of the outline)) over the area of the fiducial mark’s interior portion (that is, hollow portion) is

predetermined).
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I n anot her exanple, one or nore user marking cells (e.g., the outline of
such cells) may 15be printed in a color that is visible to the inage
sensor. |IWoaawHs&a3vexanpl e, indicia nay be di sposed w t RCA/IB2E9/0066520r € user
marking cells. In another exanple, the indicia may conprise nunbers and/or
letters. Anot her enbodi ment of the present invention provides a
systemfor interpreting at |east one user mark on a form conprising: an

i mge sensqr _and a progr ocessor in operative 20 comunicat.i.on with
he S g dbARDPer Pl APl RGECEa shPr Skl S RSB s are
confi golEtRAnta@e bdHs6f diden iateribegsitio® PANYE & a BEObKtHahisalso @Bl to iR iHaeE Mmar ki ng
cell based at |least in gart upon at | east one user marking cell that is in

a col ¢ensoharhargn yhese isisetficent kentrashgados ather disipgitishens Eatods hbatvest thene

pr eseghﬂln%‘é‘ﬁﬁttﬁe%te&’fo?}{&%%ﬁ 6t tH?EIHe?% sfeﬁsr k&&%ﬁ%ﬁ&ﬂ i &l thgéﬁﬁiné’ dfg el 7B k

on a form “conprising: interpreti 4t I east one user Mark in at 1east one

uséer 2eEHsKporGorcR).d., WhGetl thé rdtieasthd dicpaf the updin (thit ib,@BRSirc® BEcougRkscdyki ng

cell that is in a.color that is visible to an i mage sensor. , Anot her

enboditheputling (iglesips eBpputlingR s sighe pieawf tedidystad Bag s dueiorpRFian{ghat &y | s

t hat A j\deal | | anar user marking cells on the formb
R ) e : ’

conpari ng ations of the centers of the detected user
mar ki ng cellh snath¢dexhimgld, dedidugiap markamay be af & slepedffiat pphevi@Busientatran ki ng
cells.. NY. 239, 665,.071v1l 7-28-09 WD 2010/ 015930PCT/.1B2009/ 0066 In one
exarrpll%f,%“flﬁé) R A T e R T s,

pnegr essi ngy LrAMAREp I BRI BRI ial BlaBCMAH pHale IREKMBNE Gk whiltPa BRGhEC HPST

distant (this nay be done to take advanpa e of the known scale in the

vi ci nitheg/ingdgetsprsof frdnncthapsr)ti.onwﬁéleffprrstup@@wgéxh the fidwpalmearkésprinted sy éd user
narkiQ@tQ%lldin thHs]gﬁéfple is associated to its nearest ideally planar

51 ocatrongf {%%”8%8? king cell if their separation is smaller than a

pr edet er ni ngdn@R@WRbmpld)aphirglit§ e MalEal Bartth ﬁﬁ?%%ﬂ&edeﬁor bet ween t he
associ ated planar and detected location_ is calculated. Any consecutive

center of tihanefberexpmplo,gns ormpteiuser Marking Gols {hg.stheoatlceTisych ¢allsy may
hgp ﬁgggﬁﬂ%iﬁQ%B%EQ&@%E%nggﬁh%ggg%g%?gog!sp acenent vector of its nearest

assSoci a ner gh ace r'in this exanple is then
associ at ed Ih andther axampis indide alaly e pisposod Widkdabhoor mbrd bver bAtksss caldr ki ng
cells if their distance is smaller than a pr%deternined anount. In this
exanpl e, t H@ another example, the indicia may comprise numbers and/or letters.
Another embodiment of the present invention provides a system for interpreting at least
one user mark on a form, comprising: an image sensor and a programmed processor in operative
20  communication with the image sensor; wherein the image sensor and the programmed processor
are configured to interpret at least one user mark in at least one user marking cell based at least
in part upon at least one user marking cell that is in a color that is visible to the image sensor.
Another embodiment of the present invention provides a method for interpreting at least
one user mark on a form, comprising: interpreting at least one user mark in at least one user
25  marking cell based at least in part upon at least one user marking cell that is in a color that is
visible to an image sensor.
Another embodiment of the present invention provides detected user marking cells that
are associated to the ideally planar user marking cells on the form by comparing the detected

locations of the centers of the detected user marking cells with the ideally planar locations of the

30 user marking cells.
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process is repeated for all planar |ocations of possible user marking
cells. Any non-associ ated planar positions in this exanple have their

di spl acenE¥At200adsBPs i nt er pol ated from their associ at ed PREIHHIOYPE652

O note, all feature(s) of the invention disclosed, for exanple, in the
context of the figures 15or detail ed description, may be separately

conbi nable with any other feature(s) of the invention unless inmediately
apparent fromthe ¢ rln Owlt em 101
Ebording 15O EcTpdraeeizion i BoF LA fulrde rbinhpe PRl o o
resti pPodrtdsinpRont Giir AR eIt EhuRAMaFBHE cSE RS Meir(Rosd distadt (TRRELY K@k MBgE

sensor) 1s positioned (the sensor is inside housing 105 I n one exanpl e,

t he 20@ &xks afvansaectod e knosvngselicdmtheasteigity pf distidueiot) tTHe gétrq@émpﬁtblear to the
resti uyr

Feces oyt ARR ARG Riidhe GIARAL BBl Wb O] RS ASE SR, (B R ¢ o1
are pll@@adn oothelustahyrkimgt drilnf thehrge@ationas srhﬁ)l’ferltﬁaxﬁahpnmetenmhm SmEmg Inl; Fig.
2 shows. anot her enbodi ment with two barriers 207A, 207B. The i page sensor

may bdhis Grapped disklacencat vecien Retwesishe asspaipted plhmapangldeisoins lopatigads of the
form lc{?%af’egegng@mfls}%@ut s%rc%ht%EB%E 1BQ e rugé?'(}l?ar gc@ﬂgmstﬁlsc&%ﬁlg%qg ﬁle full

al i gne or ex hat e I mage sensor captures inmges

ext entdispfactthby nltrsimmglt sudi fagecleb y1t6 8 dapkacanmtfvectnsof m«ct'rersgawomated néughlopt i cal
filter e placed in the ti aI ath, for exa front,. behind or
| nsi ad e RS cCtEg oty SriaC oy B BOURisd 1t TR DIE S PladEHER L and

i 15 closehykmmtehs théiph@{aﬁc@{s%n{aﬁé}dtﬁéﬁgPf‘e%lét%ﬁhin%h boliftY isthil &at@id B | mage
sensor. In another exanple, one or nore Iight sources (e.g., Light Emtting

30Di odeerced EMEcatddpiorl] plahasrodatight Ofsrmsmbbsyselrmyrkbg agllis) Amnbn—a)ssml@tvd de
il t wh 65, 071y
2010/ 085 0PETEAB D0S TOREE B e SAP B MirtpRAERER et BB @5 11 i ent to

r endensdddptddmgahon the i mage sensor (the | i ght source(s) may be pl aced
i nsi de housi ng 105, for exanp On the formresting surface an

a-priori défeiofs. ﬁHéeqé@m(Sépﬁth@fmw)‘m&lﬁn discloped, orexpmples inghe KopwvH i heuies ons
o O QeiiE ARG eI BN SRR WRESH PR BREHRNS RS, °3)
These unbsk niediately dppateht ﬁb]anthé C(ﬁﬂextdat umto allow, for exanple, for

estimation of the imge. sensor position with respect to the forns resting

surface andgafgFing H@Wé‘é Fifesapystin &9 perarding josRns) spebodime b theatresshat
di st ot afsy Q&E%ﬂ&sfah&n& ?ésaﬁ%y&fa%%ﬁ BBLe %&m Jn‘a%érkéng&t('e Surface and

t he sensor in space. In eration, the system nmay nonit “the form

rest i mpreghfoawenfage s¢nser) esq)(sntmmcé (uhé sdiBst atinodahqusingr 195).(Ie oge exafitlertha form

| 30 m\éggsolr pr%ag h\e{{/ee it gp 1ca| axis o&Xet Fron the perpegc(ﬁgulgre ‘;[oetﬁé Ire%{}ngg ];urfa%(e: q03 by a few
degrees. The resting surface 103 may be recessed, bounded or otherwise include barriers or
guides so that the forms are placed completely within. One barrier 107 is shown in this Fig. 1;
Fig. 2 shows another embodiment with two barriers 207A, 207B. The image sensor may be
equipped with a suitable lens, capable of providing images of the form(s) placed on the form

25  resting surface 103 and so designed and aligned, for example, that the image sensor captures

images of the full extent of the resting surface 103 and any forms residing on it. An optical filter
may be placed in the optical path, for example, in front, behind or inside the lens, so that hues of
some specific color (for example red) and its closely matching colors are rendered essentially

invisible to the image sensor. In another example, one or more light sources (e.g., Light Emitting

30  Diodes (LEDs) and/or other light sources) may be utilized to provide illumination in cases where

9
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a situation, a high-resolution inmage may be captured and processed to
extract the user marks (e.g., froma single formwhich is placed on the
resting sWORAWO1830from t he topnost formin a stack of PETABIVI WS nay be
done by detecting the formof interest in the inage, extracting printed and
user marks in it and associating user marks with specific cells intended
for marking. 15Reference will now be made to forn1curvature fol di ng and/or

crunbl resylting in n rtlons uch dis for

oo iR a5 el & S8 Nul APl SRt s ot DReRet bR I | ocar
Proj ecbin¢e(s§ maHt Praoed indide hblidhg 405, 76t cxahHgr ve the gl obal scal e and
orientation (as these nay be estlnated for exanple, fromthe formresting

surface marsthghernt restingagtifase an aaigb c@twn@ndrpgﬁer@mfm@hm rigible marlss widh uI t,
under khé‘&ﬁ ?uﬁé’l{&gdqts'aﬁ{;‘ FelhdlR 18&%%% ng%%hﬁ %E 1>2Be Fo*?:gtet{ ZEﬁpr éd ot JIRWIR

inferre om the ‘nac read: ong one or re

edges forf exfah@lé ®%aof small squbGesdbet, &.., irrmtrlesr J01e4-30 i of Bfg. 8)7€hd4s efarkdnkpboOn such
a non- planar, orm a forn1accord|ng o an enbodi nent of the present
i nvent FBfalaYOR afaym thaliupror example, for estimatipn Bf ﬁwam?gfg/se@ﬁorét?énﬂenm%r i ant

machi i of the
form rllgsr? g& tgttﬁgf Fﬁﬁ %ﬁéﬁ{r%g Ea)lcl)cli' %g?ﬂéo%meéegg th )Otffﬁlger c P; I tslgﬁlsﬁﬁasﬁogh{gﬁg% user
mar ki nigstortions dueRefth&r ehtwe\mdcbmpiove ] tblm ffmdeesttmganrfecrdmldnh@mmmﬁnda fpaca

machi ne- re dabl e mar ki n that is CI al mark det ecti on
may be perf%PPr%rH g, t%%fgﬁsrrh@aﬁr Brongia f:ha [?BE%WBF? frrdhe Wéfﬁ%qeaff mar ks

3% hatsta%bharg}%%st(@ DR £REAL is infbvie @ entb waﬂdf left fle&g\ Ug&?ﬂet%{%ﬁtdf@ﬁbﬂ S
t opnost “one i n the stack. 10 NY 239, 665, 071v

20 10/ ABHIFOPCT high2Geg 1 006 BHRE Irmaydwecaemmlei pracassadife cxict pheeket marksned
machi adabl .e uci al .marks re, rinted gn the fo and uch fiducial
o ks Uiy TRE tuee oS iPhens bR RO R Sufietc e P Eu T bt o m
as WelstacRof fithsp adlisemay bé &6 d&tigg ¢heCfeﬂﬁe¢ubyreatleeie ifthgxtra@ly (and
possi bly non-pl anar formns) hence reduci na he di stance of the t opnost

( and/ G¥ingringuaeranyrks By iping @ﬁwctlﬁelgc%ﬁemayks vg giflgreclds mﬁﬂ*ﬂé@‘é for marking.
myehi ne-r eq&%@gﬁﬁgwmme MRL&S f%ﬁ{w) %@fv\éﬁlré cfoltdgﬁgoa]'ﬁﬁ% re%&llnhg H{“JSt In

one exanp nown a priori ute Fonon e form
is notnoﬁxpletnac distorflh1s. W&en guchodistbited faraRiareintagadablie 1fnagels¢mbr teer ks may be
made specifically so that the shape of the ITB.ChI ne-readabl e fiducial mark

conveysstorppt Wﬁ’cCPB}ﬁ resplt & local pipigeioys temstormationsithatigle neg preseripthesBadquent | y
of thecfio bl bliedttidn®as RSk MRPBY cWirhdled, $5PREGIplO folfihkt THALrIEAS QArfacSPECI al

care may
marks and the machine-readable markings on the form). As a result, under these conditions the

20  exact position of the user cells may not be inferred adequately from the machine readable
markings along one or more edges of the form.
To aid in interpretation of the user marks on such a non-planar form, a form according to
an embodiment of the present invention may carry thereon:
1. A plurality of scale-invariant machine-printed marks (termed “fiducial marks”) for the
25  detection of the form; and
2. Non-blind color border on each of the cells intended for user marking.
Reference will now be made to an embodiment of certain machine-readable markings,
that is, fiducial marks.
The detection may be performed by checking for valid groups of printed fiducial marks

30  that all need to be present in the image if the form under question is the topmost one in the stack.

10
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10gi ven in the design of the machine readable fiducial marks to make sure
that they have a neasurable property that is scale-invariant (typically,
under norwPl2aHANS930r m di stortions, size information is [PEIB2GY0GIpes are
distorted). To be able to detect the fiducial marks under these

ci rcunst ances, the fiducial marks (see, e.g., 401A, 401B of Figs. 4 and 6
and 701A, 701B of Fig. 7) may be designed as hollow objects, e.g., where

th t f th
out 11 0ty Framilrva st of Pl Ehided broing M paHERAS SR rgﬁ?(ﬁ?n% °
hol | ov@rnR Qi is@¢h figucki] @eekLmby Bedsed!th cififate Xarmladive thIG JRQ |rd)t@Mer@ﬂ 86 F§rniyay
conprise an outline only; in another exanple, the hollow objects may

conpr ias &l arapnpere dislserane (o ueduperkbywteckingyaul tipleiane possih Iy neer plananfopmnd

rar ks PR EIEUEARL L BiHERpl B MATH R G np R g Bem SiPE AR T St @

t r adi tlioonddn dﬂthnr@dchﬁfﬁrrksdab&CﬁcﬂL&QwﬁlarﬁsJ@&ﬁBe (ce&s Gaﬁlﬁtrlrﬂdrktﬁg%lm ﬁlluStqhﬂﬁbe) of
Fig. 11). Since this ratio of the area of the he area of th
mar k' SXHOPIColF KRowry Bii9tA byt heirabselutrasrjios Onéﬁ%@f@dﬁfl?’gfdkt%]i dhe %Vgrapﬁ ow

for the ﬁﬁg&ﬁﬁé +QBaft ﬁhﬂﬁalfm%gg%?tb@%% ng g’i@ﬂ%@'fp%ﬁeﬁ@l‘feesh&ﬁﬂﬁﬁl@% camera (in

order to determ ne distance ef erence now be made to
t he useadabledalutat madeenngays APrimason oadaleiand akicytabeeof tomerk 2mdever al snal |

cells are rOVI or .the users to rk with any mark th sire (the
cel | i iatatc KB iLRSHEIE. PP ST FPER IO B MBRTI aet SHESA SHCGRIES
papt erg‘f'\)en ih ﬂlémlgﬁmhe thBGiMSRAJAPRS K iighl GRIrk StoNAME hReMaPthbphad 4 N a

machi ne-i nvisibl € color in order to reduce the detection burden for the

machi m@ea@@r@ble peongrty thagtis magp iplvaryang (WDIC?I]@Y) Bnddr moneplarar forot dl@ﬁoytlcmsewzesl ip 900

of Fi |l otit i 10, .| t 0Q of
B o st S o b Suie? gb e, o ity srtestspir ool AR apflprddR
under cﬁ@ﬁmauﬁce@mh@ﬁuﬁﬁ@nrﬁaﬂﬁ (debee. @I fFRN U0l BWERidsON and Ban€ b1 &, W& ¢F Riger s
11 NY 239, 665, 071v1l 7-28-09 WD 2010/ 015930PCT/ 1B2009/ 006652 can pl ace

mar ks 7hﬁ3awb&\ﬁ@81gh@ 3s lmhlpw qhacahy: i exharqths sato efothe Brered theanak (thehisstheaki ng
500 of i eORhsiELy e IHCT bt FRERS Aeal T iyt md R INQRRY PP

det ecthotiowdporeias lis predeterirndd. igowetdaniphe elic dlvwbdlgaas mdly sb@ptiscoan oufincour se,
due to }he non- pl anar distortion, the detected us g marking cells _are no

51 ong®nlYait &g cxamplsethg hplow obigeisanay comyisg Adrrohyie rearebicguhing wigh thep e
ex pectlﬁtgn&g} }mé@ﬁ@aimmscolow iff Q50 tBGH ﬂg%u&mhﬁ[o% &b e&t'g',esgy,sef?g. ifShal Fifcial
detected c cef’l

s need to be associated to the ex ecte ocations. This
may benatbns) 14,601 BXessphtallylsylid s@ratdsigf Figen dried, usétradtimipkzilrfgiucxal erksl osest

th rks opn,associ atjpon, to.an ected cell ation
6201 2 bhEnFl Dap e FiaBela Rarnba Far 1 Drsiie FAERES o ertupf R aH user
mar Ki RgeC@b b?ear@Yhe%a&%bl%%%@Eﬁ%ﬁéﬁh@%&ﬁé’ chiioBY sdQf b gL RRbARGR! 'mow()f
their neighbors as reference, the process being repeated to gradu aI Iy

r evealfot the det@ﬂtmrmféh®ﬁdu<ealnna)ks ttreey sladtdnck dypoutheshmietie(if ordar Erdetdiminerage
pi cture el e(rgns % ag following this arrangenent the user marking
cel | s IR0 BECFNERdd t o being either on a uniformnor a rectangul ar

grid arrangef@sice WilltnoRYmaddtodRP B atdd fauhy dekesi. 8 thak @aaitioRly biah dand,i stic
taste desires (in one exanple, the user marking cells may need to be

s@par apealpynadl aellnpisurieidet e dtcarsaisie dag withwarmark they desire (the cells may be
laid, for example, in a typical uniform rectangular grid pattern). In the past, the user marking

cells have been printed in a machine-invisible color in order to reduce the detection burden for
the machine (see, ¢.g., lottery play slip 700B of Fig. 7, lottery play slip 900 of Fig. 9, lottery play
slip 1000B of Fig. 10, lottery play slip 1100 of Fig. 11 and lottery play slips 1200A-1200D of

30  Fig. 12). In contrast, under various embodiments of the present invention, the cells where users
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Any user marking cells that are not detected (e.g., due to adverse
illumnation conditions) nmay have their displacenent vectors estimted by

i nt er pol aWPrG1K¥HNe93di spl acenment vectors of their nei ghboP€ET/IBOK0Gelt, t he
positions of all user marking cells on the inage of the form as it is
captured by the imge sensor, may be either estimated if the user marking
cell itself is not 20detected or discovered by detection of the ceI

boundar

The t he roceed t extr ct an ossi bl e user
e ks S Blies s B BN eib o ting Bifte i napr i oMol TR Sy mar ki ng
cell Geai{ RSl coS/idie1e tdthRMdchHeIE@! & gQMttce plaG3HE 806G Gf Flgsglaﬁ@%t&gy @&9
anbient illum nation can cause ot her shadows, disturbing the user mark

det ectslipA0QRbeEEw,; 10) Thiayaidsan ithaxntecsinn of eachtusermarkeng ¢edli underf Hasicplargri or t o
f i ndi ng.&an4 dﬁf%o%r%e”&gee o%ﬁrég{]&é{%b n&ha%{toﬂtfagi t%@td&e{&iéﬁ g&?ﬁﬁﬂ&g c%{ls Syger mark.

This may be y es Fnear

gr adi Q@ige@ﬁrriﬂged lounha@sd dygibasedestmed g the fcehls i. 9uhe bﬂ&cteﬁeel\}' lsdabibs. Wser
mar ki ng cel . boundari es. The us(gaﬁof t hese pixels may be beneficial, since

it i s Pypstbanieypebihe upesmagks, dhg defegted gedls @ﬁ%detﬁ&e@aﬁocweq toehgeecciediep!l
bound%da%ns RiNa rfﬁ’@dcﬁfé%}@%}%ep%o stgl?lng\ﬁgn?&wsg%?ﬁgﬂf%m BROAP{OHE652

The linear gradie ensa aroun |nage regli on around
t he udelucirbmirksgUped ihSSO(B&IilC&l’tD aftvg peédstatiioentoh, aidisplanandas voeyr mhghe

subst ant i. at.e exam ni ng, t.he processed | ion insi e each, cel | .

Tabi & optaigrian it Rt e dadincor Bl Sesias Ol by Sbsitenty a&3G 0 GSng
debecthombs ?@ée%éiﬁ't BAthR rﬁefﬁﬁ%&@ QS %fgreﬁce tie 19958@&‘5&{15; kéﬂ%ht%&%‘}gx%@ueﬁiy%{zéatl hm)
according to an enbodi nent of present invention.

bi nar itlzmqmmetfeqmattmwrﬁtﬂmbeﬂdamt Qf thydpringof theumiage p&tur@elgmenbeO&wtb; natl on?
| f nngglscard roceed tg 3 3. Hor o nt a ng and

oi nar 1BTER s prind R PR SR TudrBind iRy bR e o bF i L]
Mor phebpg k&eadngiila0 668 SirAtpchnt, b Ethex bé@@ﬂéje@ﬂn(hfnytdhﬁr&ﬂ{i&ﬁoﬁ tidt atth@ic éatect ed
user rgggllr(els rzl% ocneeI elxeslmgle Elgruseervnelerlr 1ncgge(‘:[elelg Eneay nlégde tro bceeslei)arated by a minimum

15  predetermined distance).

Any user marking cells that are not detected (e.g., due to adverse illumination conditions)
may have their displacement vectors estimated by interpolating the displacement vectors of their
neighbors. As a result, the positions of all user marking cells on the image of the form, as it is
captured by the image sensor, may be either estimated if the user marking cell itself is not

20  detected, or discovered by detection of the cell boundary.

The system may then proceed to extract any possible user marks from areas of the image
around the previously determined user marking cell centers. As non-planar distortions can cause
self-shadowing and ambient illumination can cause other shadows, disturbing the user mark
detection process, it may be important to attenuate their effect prior to finding candidate image

25  pixels that indicate the presence of a user mark. This may be done, for example, by estimating a
two-dimensional linear gradient of the luminosity based on the pixels outside the visible user

marking cell boundaries. The usage of these pixels may be beneficial, since it is typically rare for

a user mark to extend out of the user cell boundaries.
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5.a. Project fromimge plane onto form coordi nate systemusing intrinsic
canera paraneters 5.b. Displace detected center according to displacenent
of al readyoa8wgur®bed nei ghbors 5.c. Attenpt associ at iPER/IBRAOKOE6FA anar
position of the user marking cells. IT no, discard. If yes proceed to 5.d.
5.d. Estimate displacenent vector 5.e. Loop to 5.a. 6. For every non-
associ ated planar position 6.a. Estimate displacenent vector by

i nterpol ati vect or Otf as; ocj at ed nei Qbors 6.b. Proj.ect displaced ideal
cel | cent erl TG dhedjert gy B pomppchge G aipune i igfpgr jedi@tironad e A cer |
cent emaARink ®BYeentér. The BLbIcHBS F Us@CRhrkialy@hdred®btahitedt OOb £ BRINYinRpGRe bet ween
user marking cell boundaries 7.b. Binarize the interior of user marking
cel | wseqseper defarmythantiasidegaoh st i mate 7.c. Gather active pixels to form

evi dence OfTaBPeelr, bgﬁ)wf p%o@ic?e% Iahditional detail regarding a detection/determination method

5 (e.g., a computer implemented algorithm) according to an embodiment of the present invention.

Table 1

1. Image binarization for printed marks

2. Valid fiducial & ID stripe combination? If no, discard. If yes proceed to 3

3. Horizontal & vertical filtering and binarization for detection of the boundary of the
user marking cells

4. Morphological processing for the extraction of the centers of the detected user
marking cells

5. For every 5.a. Project from image plane onto form coordinate system using
detected user cell | intrinsic camera parameters

5.b. Displace detected center according to displacement of already
associated neighbors

5.c. Attempt association with a planar position of the user marking
cells. If no, discard. If yes proceed to 5.d.

5.d. Estimate displacement vector

5.e. Loop to 5.a.

6. For every non- | 6.a. Estimate displacement vector by interpolating vectors of
associated planar | associated neighbors

position 6.b. Project displaced ideal cell center onto image

6.c. Loop to 6.a.

7. For every user | 7.a. Estimate local white level using empty area between user
marking cell marking cell boundaries

center on image 7.b. Binarize the interior of user marking cell using local white
level estimate

7.c. Gather active pixels to form evidence of user mark in cell

7.d. Declare existence of user mark if evidence exceeds a
predetermined amount

7.e. Loop to 7.a.

10
Referring now to Figs. 13A and 13B, a flowchart providing additional detail regarding a
detection/determination method (e.g., a computer implemented algorithm) according to the

embodiment of Table 1 is shown. More particularly, as seen in Fig. 13A this method may begin

13
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7.d. Declare existence of user mark if evidence exceeds a predeterm ned
anount 7.e. Loop to 7.a. Referring nowto Figs. 13A and 13B, a flowhart
provi di ngveQdindisdsal detail regarding a detection/ det er RCRAB2MOH0GH6Thod
(e.g., a conputer inplenmented algorithn) according to the enbodi nent of

Table I is showmn. Mire particularly, as seen in Fig. 13A this nmethod may
begin 13 NY 239, 665, 071vl 7-28-09 WO 2010/ 015930PCT/ 1B2009/ 006652 wi th the
captu Furt her

re.,of an inmage (e.d. b an i mage sensor),. e
135 ¢ AU e R n ok et b PelpBEg SerpSS Birting et PEng 8 2 E B gpitnge,
di gi t ahayf @drWita ?ep@ﬁ'ﬂf‘d&&rmarﬁé’ (eng ef repbeliPlighhRFm 48 Y | b@ﬁpﬁt@ﬁ rinb@tnd@ot ot tery
ti cket evidencing the user's selectlon(s) may be out such that survey

r esul 1085 Yleyigg sush thairadoticry siek e g idleneing theauser’s exdeqtiop ﬂ@wﬁ@@mut rgh that
k
gff)gf%?ng 9&&&&9}&%%%@%}! gchhft%artmq&E Pe%ﬁlt(fsﬁ?Eco?&E)felﬁH{nﬂ 813‘58'?' g‘?;ss '43an d 6

and form 70ﬁ)én®1fler|%ngaod71hentna mefhiod Ifek d&edﬁngme:tfmakmrmdsxadécﬁ eempfsiflg;, System
01 of Fig may include a cane wherein the form.includes

t her e@#lcatg 4 @é@t(“‘é’ Flgr’§‘?“1f e Eigs. Aeﬁnré 6(%@50% 780A of Frgydy 2 fieldos vieof and
401B qf S ZQ&f% B of form
700A Ofcafl%fléfd"@s %Qﬁéygk%elgé;béﬁ%f ucl jéﬂ% G% gggﬁlgﬁ) i ?ipem al marks
401A amrdudt@ iR redn dtdeast 46065t fludthlgsark4sandgh ﬁ&inc[a]‘ meltks |491Arimd Ke81Bofferand 701B
of for of Fjg. , and erein e of rst f| mar k and
The. oalbAbPhsqh ek mad b AL S b eibBR b g 3 Badi oot
SQ@' e flda¥Al ndflt (seé”e' %}'f?du@&l hﬁ&mwﬁdmlg% %r% £OPEF I%ﬁ&tefnﬁfy d fiRGRI of at
| east a Eort|on of form calculating w a processor nechani sm (see,

e.g., neay S@Mimd UﬂBrwfgforrm 700hiof iigray, amdcwhmn aaqblrddb@fétst ﬁd&malahahuag in

operatj ve co Wi th the caner sed at. | eas art pon t he
oFect PyReSRTHRIATR Bptth oy BRUERTLRy PR B Rlabf SEle DRl et tBl ' Ao
the segOQfndrh BiEdndtatd Bl KectetRlieRided O f W 1%53ttafp@rtwnqqe§§wfmneaaﬂm vith al €ast a
first user marking cell on the form wherein the first user marking cell is

bound@@%?soéfnqcbfa%%méwéaqg}dﬂ@m&hﬂ@h@ﬁﬁgsl,W@F%H@Yﬂ@mdﬁ@ HagsPd (see, e.g.,

I s of form
730 GRS ey AR it 4 citaibuged H3EE: BHERNTE ° 20 ki ng
cells ed:ﬁ‘ctrbﬁ)ﬂ’cﬂ'ﬂni@@@/éhsj)zincElbgtwe]:ﬁ)at leagtdhonfist Bdvcidlhmarkiang thmecsndnfvddﬂamgmclal | is
det ect ed based at | east |ng%grt upon thgﬁcalculated di stance between the

first deteaties ‘é(!t ﬁ%ﬁw@%ﬁéortrﬂ Bt [qestuigishscraaRking s¢lbom Hei fagnwhsseip fhe
proce el
ek AL, Shaok e guERLy ReiRtaah &S, dShachal LpSh ety

mar ki mgemdtﬂqngcbeﬂeof fong 4ROt Figsed prndbéessomanechatls sifain 76@4 of Big. 7, user

20  marking cells of form 800 of Fig.8 and user marking cells of form 1000A of Fig. 10), and
wherein the first user marking cell is detected based at least in part upon the calculated distance
between the first fiducial mark and the second fiducial mark; calculating with the processor
mechanism a displacement vector of the detected first user marking cell versus an ideal planar
position of the detected first user marking cell; detecting with the processor mechanism at least a

25  second user marking cell on the form, wherein the second user marking cell is bounded by at
least one indicium that is visible to the camera (see, e.g., user marking cells of form 400 in Figs.
4 and 6, user marking cells of form 700A of Fig. 7, user marking cells of form 800 of Fig.8 and
user marking cells of form 1000A of Fig. 10), and wherein the second user marking cell is
detected based at least in part upon the displacement vector of the detected first user marking

30  cell; determining with the processor mechanism evidence of at least a first user mark in the
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25second user marking cell on the form wherein the second user nmarking
cell is bounded by at least one indiciumthat is visible to the canera
(see, e.gvo22eM39arking cells of form400 in Figs. 4 aR@TAB200%e¢6652ar ki ng
cells of form700A of Fig. 7, user marking cells of form 800 of Fig.8 and
user marking cells of formI OOOA of Fig. 10), and wherein the second user
marking cell is detected based at |least in part upon the displacenent
vector, of t detected first user r ki 30cel | ; determning with the

or ocedsBreitdinanr ShEhassds s b Paai R f fopreq o TallbRs Mk 14" Ry
239, 66nALAV) 128 APorttR GHOROUBKRMRORGT: LERANRH A0GE SR dehamhadinkins! user
mar ki ng cell based at |least in part upon a degree of brightness simlarity
bet wedhst ysenmarkingeeetlt and (b pt lcath agpritaneofdheeleetemiicimags gecledadripuigeibsg t he

i ndi ci.um.: ' t [ Ki ; .partion
ot ndt T BB Bthei ARl [k pliBRhe PRS2 9 fBhnin 0 W Blen IR D PR o,
user rmidéhdtgofeeldast BdrdotblisRr Mark MGhydétbetbdsecphd 083 sirking chldbassthat Ragvh dence
of at |east a second user mark in the detected second user marking cel
based Patt upan adegige ghprighipess sunitpsy BEWSEN K] HHeasks BOoROf HicidlsFiigaiciBass ( a)
at le 5 ! ¢ Al . e g

bound; g TR e MM RinEnR e Q00 bUBRRNANS QLI 09 & Ml BB e
el ect rebagironicnmgge innbided edidenis¢ ohdiciure bowdlicg thmsbaumddisergnétkemgsetiond user

marking cell. In one exanple, the thod may further c rise: calculating
Wth the. pBERSSHDghEEHEH I, HTATSPIET R BT e PREHBE ect ed
sggon %é&ﬁ%ismrdiéﬁ?&eggﬂ Véé?gd%lﬂ glead%téc%aslec ] dﬁtﬁ@lr mBASAd PNy eBfustah ﬁdéﬂ?blﬁﬁzﬁf d

second user narking , etecting with the processor nechanism a
| east pasitibi plithgglgtected skéang user hasmetded; drgt dpteoiihg mathrihe heocessor tedwarsineilr ki ng

cell is bounded b t least one indicium,that is visi.ble to,.the,canera
Csee, 1R MR haflng ST RE Fork okl Mk sty biat R Sl B SolBaEIE: g
cel | s |@fst by inuibRRMHat isRigble fo tHéS@meB(skd, B ,GBbH Baking RIIFLBRPmCfO0Rh §id. and
15user marking cells of formIl OOOA of Fig. 10), and wherein the third user

mar ki Hgndd), bsdranagleing celbsofifage d0g4 of Bk . wser purting palls cdtforne 39 oifie.8smd ( a)

t he di t i ' : b
LS S SEASEIRNILSERSh poAErACUBELAS AT uIRLy TREHPRAESH) j RO
anot héaseixahgakein pafiaipor bhieakt bay of: Y#)tthe displacgném ecctdedfthedetcotgd Hirdt isdrhe

processor. mechani sm evi dence of at least a third user mark in the detected
t hi r d RREngcailiandgbLee displaseentivectop of g deterisd sesond ysgrmarkiggede of

bri ght ness |3 hgathaféxﬁaﬁppe?t él}irlno%ﬁ‘)a%gﬁﬁﬂﬂe‘?@ﬁ%pﬁ%&ﬁé%hﬁfﬁiﬂgwﬁ ﬁlngrgéeé {oqni c

i mage surroundi ng the i ndicl ou ng t Ird user “markin ; and

(b) atmdcbastmavplentd et dfast dibirdlusetmakiic therdetpetadribird dext mankind ecli hasedati ci um
bqunding the third user r.king cell. . | n_anqgt her exanpl.e, the third
o3l Herdrtgrciion s i o BehBfhe & hkiisy bap b e TSP B GRON ik FEREE bot h
of : ( @%a%@&rﬁiuﬁ@ih@@%ﬂfciﬁfﬁ eb@did tht erdedce flaBnf b&IB tand g@rat MRLd Rei&ebs

and (b) 25the displacenent vector of the detected second user narking cell.
| n andbhdectmuampage indhedednngide ths endigmmikiongdinglthe tinirg user Makegtast. based at

| east in part on_interpol ation between;, (a).the displacenent vector of
the det et dupiPEroBER. ik Bt G PRE e bR veREdl I SAERER BEOr o

t he deipesheldas®eOd: (49 &He diBIkdeR@ntRictor off heaR@ICRRY firskadPharkiihesineadag nay
further conprise: detecting?mﬁth the processor 30mechanismat least a third
ugér g tisplacasant vesior ¢fdhe dategtedwrsprd wser marking edl.user marking cell is

In another example, the third user marking cell may be detected based at least in part
upon interpolation between: (a) the displacement vector of the detected first user marking cell;
and (b) the displacement vector of the detected second user marking cell.

In another example, the method may further comprise: detecting with the processor

30  mechanism at least a third user marking cell on the form, wherein the third user marking cell is

15
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15 NY 239, 665, 071vl 7-28-09 WD 2010/ 015930PCT/ 1B2009/ 006652 bounded by an
indiciumthat is visible to the canera (see, e.g., user marking cells of
form 400 WO 2P10495934 and 6, user narking cells of form 7@0AIBL00%DE6527, user
marking cells of form 800 of Fig.8 and user marking cells of form | OOOA of
Fig. 10), and wherein the third user marking cell is detected based at

| east in part upon at |east one of: (a) a position of the detected first

user cel l. h) . sj,tion of the detected.se ser r ki ng
vt . DORRAY el el Bl ARl e b ORI DT PR aoBh

det er i gy, BAnWV6L ket RRrkh©68R DT ForBTHRNb ST deNGerkdio @lls beasin @ootctﬂtﬁgiguser
mark in the detected third user mar ki ng cell based at |east in part upon a

degr eangsamagkingests ef farmdPP4y OBEtg/vé@h ang wﬁe@tn the sytd wsepmatkingcdist he
el ect rd%{%' Feg ll)ag?e%eat fe;égt; ?%’39' gg? b adt ?Hig{ ;@ eifoéﬂ g i Gerddild Hrst‘ﬁs%t mar ki ng

cell; portion o roni c 1nmage included inside

the i mﬁhrkmgr&blﬂrcamﬂdb)\@pdid‘l@oﬂ diitheldets@ed saokd 0@reelrking cell. 1 n anot her
exanple, the third user marking cell may be detected based at |east in part
upon at | ed3engbetFxample He rtlttéocb@émr&r?r §PpHE: defcrping With e niREssatar ki ng

cell; fardibh &V nchoéf' d Ilé?iﬁt éﬁtil?lrti %@eﬂﬁﬁrﬁ% ff &%gﬂﬁ%ﬁ;& ggergi?efri&hg Qe dl(P SlltJed

I n ano er exanple, the t user marki ng cel e detec base
| east l¢ast maratt WpdSu [aaiegreﬁtoébriglhtaessannlﬂmttwbetwee(la}l) atHeaspeebttioomf olfc etlheromc

detected first user rkin the oSi t e detected
cecondmieiiip R bShdi At ¢ ecil 2 Bt S0 RSPt her
CQUPr ithecldatRi Mo Sn i dd 1ﬁ§1§e e Q&ﬁ&ﬁﬁlrbdﬁﬁ&tﬁ% @h@fﬁ‘iﬂiﬁﬁé} &Mﬂg@’em becones
essentially stationary after being placed he field of view of the

canera. 20ln amtb@frfeqamei@atiwl third tigps nmkmedelﬂrasﬂyfoardmeted@@mrat daaside pedi ng vv| th

anot harosaap SO e o5 deitit LR AR st Frd 8 Ticesiag i ng

cel l Imyhefmme@ &&&ﬁie@eb@uﬁ@eg%uand at | east a second indicium bounding the
second user marking cell may forma closed boundary . 25l n anot her exanple,

each i ndi cilmneberrarmglce therihiid aser marking golt aray beelgtasted basagrad deaphinipat. | n
ﬁg% 2%oﬁﬁﬁ%‘)ﬁngﬁﬁg&eéﬁ“{h)cﬂhg ﬁbﬁﬁ%ﬁh@ﬁh‘é liRlePle8 £Q uQ% Iﬂari(ﬂl% c%ﬁ”ﬁ{ b?{h% a

her rocessor anl smnma | Se
singl@opnoﬁeﬁ&ﬁnmﬁﬁeﬁse@n@tmmsyak&@u%ﬂl of Fig. |, which nay |nclude a
single pr OC[S) ?11?0(2[{1%1‘ example, the method may further comprise determining with the processor
mechanism when the form becomes essentially stationary after being placed in the field of view
of the camera.
20 In another example, the method may further comprise decoding with the processor
mechanism identification information on the form.
In another example, at least a first indicium bounding the first user marking cell may
form a closed boundary and at least a second indicium bounding the second user marking cell
may form a closed boundary .
25 In another example, each indicium bounding each user marking cell may be printed in
ink.
In another example, each indicium may be visible to both the camera and a human.

In another example, the processor mechanism may comprise a single processor (see, e.g.,

system 101 of Fig. 1, which may include a single processor).
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16 Ny 239, 665, 071v1l 7-28-09 WO 2010/ 015930PCT/ 1B2009/ 006652 In

anot her exanple, the processor nechani smmy conprise a plurality of
processorwo8wWi1580g. , system 101 of Fig. 1, which nay PeENBAWY/A066Fural ity
of processors). I n anot her exanple, the formmy be selected fromthe
group consisting of: a lottery play slip; a survey; and a test. 5In another
exanpl e, the canera may conprise at | east one inmage sensor (see, e.qg.

t 101 Fj | ud t t .
TS et por Rttt extingl BB e R s s REE TR RERRERS o g
syst er@ekoél,ﬁotsyslférﬂ 10 Lof Wi @hvmuma@qﬁm& Bplutidsbf Hoeesk@Bp) - | n anot her

exanpl e, e user marking cells may be laid out in a grid pattern, with
10essent i allngneth¢resamplyp i fagn pepbsealcatsfl Avanthegsern qoapikingols allotery plagt

| east e tal direction and a vertical direction. In
anot heﬁgengw%éggi%ée%ﬂser marking cells may be laid out in a grid pattern,

wi 5h essentli ah(bthemaﬁl@lerm&ﬂﬁﬁieﬁgmbﬁE(Wﬁpn%eaiﬂjl@@m”ﬂe iHagE samMoKiseg e @glslyseinn
both a horizontal direction and a vertical direction. 151 n another exanple
t he ud@ offikil nyyhicBimay Rglydp [past aNGIRAge §eORon- gri d pattern.

anot her exafiph&herd d3&m gﬁ‘e[ ﬁ{%cl:a Ya rfn%? %@rlé‘e%ﬁ’éa's@cﬁle%ns' €&t ngl@ st dio ﬁo%'m

inside at | east one u I ng ce see .g., user cells of
form 499 I whﬁlhgaaymchlddaﬁl,easmee lema). ki ng cells of for m 700A of Fl g. 7, user

marking cells of form of F| 8 and user rkin s of forn11000A of
Fig. 10). 20 A hsisenBe &ﬁﬁﬁ?rem g e iR £l Gl i ng cell
My CQERLiNy @ﬂlfdrﬁlas‘ﬁﬁcﬁ@ 36‘&]‘66@- aﬂ]HE@?@ s '?ﬂjarl@mé QEMEinat RiabtYn8Gfh 'th@clfntal
invisible to the canmera and visi'ble to humans (see, e.g., user ki ng

celIs(hﬁmﬁqnandﬁﬂwmunlﬁngsmm4 and 6, user marking cells of forn1700A of Fig.
7, user markin f f orm 800 . of d us ceI s of form
To00n of it aAdtS e R it ki oot hd B08e SRl MR RIREESHD O 1t e
or der eE@ﬁh&leum?o'ﬂnrbp@ﬂﬁg Bekvcenb@didie Dor ndurlsiMs LEIN h®otileh&eionhg dis&fonMar Ks
is provided, conprising: a canera (see, e.g., system 101 of Fig. 1, which

may H@édadéft&a’c(élﬁ%?lal} a processor mechanism(see, e.g., system 101_ of Fig.
1, 5whi ch wah&(}ﬁérueq(ﬁmglepEh%clfsgtsrg(rirkﬂfgs&ﬂg'n?aggbe ﬁfi%%?fn%%o‘{le%&g pication with

t he canera; form 4 and 6 and
form 700A ah akdther ckhmpldh) ercahethdbdimal; diirther ﬂcmpﬂﬁattlmic @mnnalmdneastdeat fdagtst
fiducial mark and a 305econd fiducial mark (se ., fiducial marks 401A
and 4@DBUsF MBkReLel (6. &8 gaser magkpg gellsmd form 400 n Flgs ‘4 and 6, user marking

cells of form 700A of Fig. 7, user marking cells of form 800 of Fig.8 and user marking cells of
form 1000A of Fig. 10).

20 In another example, the indicium inside the user marking cell may comprise at least one
of a number and a letter, printed in ink invisible to the camera and visible to humans (see, e.g.,
user marking cells of form 400 in Figs. 4 and 6, user marking cells of form 700A of Fig. 7, user
marking cells of form 800 of Fig.8 and user marking cells of form 1000A of Fig. 10).

In another example, the steps may be carried out in the order recited.

25 In another embodiment, a system for detecting user marks is provided, comprising: a
camera (see, ¢.g., system 101 of Fig. 1, which may include a camera); a processor mechanism
(see, e.g., system 101 of Fig. 1, which may include a processor mechanism) in operative
communication with the camera; and at least one form (see, ¢.g., form 400 of Figs. 4 and 6 and
form 700A of Fig. 7), wherein the form includes thereon at least a first fiducial mark and a

30  second fiducial mark (see, e.g., fiducial marks 401A and 401B of form 400 of Figs. 4 and 6 and
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17 Ny 239, 665,071vl 7-28-09 WD 2010/ 015930PCT/ 1B2009/ 006652 fi duci al marks
701A and 701B of form 700A of Fig. 7), and wherein each of the first
fiduci al WerR1ean®3vhe second fiducial mark has a nmeasur RETEBEOYPE6IY t hat
is essentially scale invariant; wherein, when the formis placed in a field
of view of the canera, the canmera and the processor nechani smoperate to
carry out the follow ng steps: generating with the canera, an electronic

mechaniri wauSaoue gy bR el R ohF Bl BEu b sl el bt g TR oo

bet weeRarRtind gRSkcdndeiduicla$ nabit ma;c?d @basiBble opertyBasie eRAtidliydaicahvammnk;
detecting with the processor nechanismat |east a first user marking cel

on t hevhcsting Whgnehefaim is @lacpe Bxa fieldof wemkefige eangraj the spupgagd Bie precdsedist one

:c Cn)(rjlmc IAIS%‘H 3{9 08§raYé t%'c@a? 8{19‘[61% %Slo%qg Bg ?%ﬁefrat%}# Wiglf%ﬁg rg%kén % (%%l cS of
useéer nHmagd ot ¢@ki $pé&tioh of theGBiin;akldulaging wathcthel pRIced¥Br Kiccigindsed, Ibascafat ldastm |

000A of Fig. and wherein the first user narklng cell is detected based
at | eddpatt HP%‘th clgsanic iRagea P ditace foricst ahloast s frsbfidyaid mark apd fhegyci al

mar k- apnd, s ar Rk, fdkg?ﬂ[%ltgg{ cht geegécffr%@bﬁlhﬂlgrn% iéﬁsttarﬁspﬁs%f ﬁﬁ%ﬂé% ggchani sm

a di splacenent vector o irst user marking ce us an
i deal opltefrmpebeteimthe dfrsttuke mieakmetoet if bawsitledibe at loest khagudomtith thad et esiblang
ssor nmechani sm mar ki cell an the

W th th 15 St econd, us

For m AAame Res S oot Dubm kPR e0 R E Bot ALt By GRIHREG gho

i ngi cigyhm vd)m& of FlgVV SdsQ% ﬁaﬁk@né Ms%@?&h%d(ﬁ&eﬁlg 8-add 1 us&%ﬁérkﬁ%%ll@&f fé%h' s of
form 400 in Figs. d 6, user nmarkin |'s of form70 7, user

mar ki 1§0e4lof Eigmfl 0¥, @ndrw@emmﬂle Iflr@.useran@r uge:tellrmdekcmgd baskd st bastm)part UBO0A of

Fi g. an ein the s nmar ki cel | det ect ed ed at
st TocadRfed IRl Rk b AR i ean TR st Schad BefhERURT SRS
mar Ki REte@k procd @b it itinikgn Widisplat&eR Vo€ 0the ABECbRAfiSsNueH HaRmg fl at | east
a first user mark in the detected first user marking cell based at |east in

part WgBHS an gk rlenaspotipry R e dstesieaifingruserymakingesst; dtegtingtwithetst a portion
ofysth rc?ée§ Eﬁ%@h@ W@gﬁ%&%é’%’&q{s&%yﬁﬁ}g d’éﬂ %htHé"f AUOALAG, 1R8eddnfiGheiSer

mar Ki Feast a por e el ectroni ¢ I'mage iRl uded
i nsi denetrhmglceldins:bdmd&rbbm@h legpt bheintlichgh thasesrv1srhrel¢b fige eeldra (said.@adet er m ni ng
with the proc ssor nechanjsm evi dence of at easf; a second user mark in the
det ectiedkivgcaihvoffean A8 ik ligy Ac@}dl 6, yagaparking csHg of fogmyQPA Qifon 7autfigr ee of

b h I t
ri ghtness %Elg@(%%m%o@%? Ogoun rﬂlr?%aﬁéels%f@&h{l(ﬁfOAoctfﬁlgﬁl &gt ronic

i mage surr 8u e I ndi second user g cell; and
(b) atwheeas theascpanrdt usenmafklmglwllells detEctedm b@sed ma@esu inphmdpoh fhesiigéactimenti ndi ci um

bBH ndlve or OF the %(e:t%cr:]tgd st usert nrlakrl(ln% ceﬁ c&etermmmg wit 9the6 8r50cgs7s%¥ r]flegha%lssng 9
evidence of at least a first user mark in the detected first user marking cell based at least in part
upon a degree of brightness similarity between: (a) at least a portion of the electronic image
surrounding the indicium bounding the first user marking cell; and (b) at least a portion of the
electronic image included inside the indicium bounding the first user marking cell; and

25  determining with the processor mechanism evidence of at least a second user mark in the
detected second user marking cell based at least in part upon a degree of brightness similarity
between: (a) at least a portion of the electronic image surrounding the indicium bounding the
second user marking cell; and (b) at least a portion of the electronic image included inside the

indicium bounding the second user marking cell.
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WO 2010/ 015930PCT/ 1B2009/ 006652 In one exanpl e, the canera may
conprise at | east one inmage sensor (see, e.g., system 101 of Fig. 1, which
may i ncl WO 2a10/d1888t one i nage sensor). | n anot hePCE&ABOH/@0665he
canmera may conprise at |east one lens (see, e.g system 101 of Fig. 1, which
may include at |east one lens). 5In another exanple, the processor
mechani sm may conprise a single processor (see, e.g., system 101 of Fig. 1,
whi ch may include a.sijpgle processor). | n. anot her exanpl e he
brocessor HREnaR ST ot EnE: FES ERpt o ey o IS ED0s FES(Beetyslay 101

syst ergf Bl 10¥whichGnaylinclobé cdleynd Redgedensarpl urality of processors).

I n anot her exanple, the steps carried out by the canera and the processor
mechani sm 10gagtherexamptd, &y couerd may pemprgert lqasicanedens (see, c.g.,ispstendiOh of
exanplg ]tQ%k%%ﬁ&fﬂkﬂﬁXaI%ﬁ&%ﬁék%, rise calculating, with the processor
nechani%nf the presence ot an rnmobile form I n anot her exanpl e, each
of 50ne or mMoasothércixamdle, RIPtScelBY nBRASESM asayaegptist alsinglsrat@sorvasy, egnNt to
an algorithm (e.g., an algorithm processed by a processor nechanism. 15

I n andtHer 8% ehbite | which ngy iBeladet singledrpseditl-al narks may have a

measur abl e IR%R&E&J&&a&B?e}, tﬂe%r@%%%&hbﬁs@%gdﬁgng}rf%é ia?ﬂ&alﬁtgéogﬁroc%&s% ntially

scale invariant to an al gorithm processe ocessor ani sm .
| n andsdeec.gexyngrh @01 af Bigi ghwinels snagiimilhdird plyradies of proecisdrsy.ein may rel ate to
a white level (e.g., a lqcal white level). 20In anot her exanple, an
Cntensity. o andirigmis, Hodten erredat Y e ramRBr MaRr s PRGSO PR hess
Sl | ahdytne QBSG bR PR drRecited. I'n another exanple, a lumnosity
simlarity may be utilized in a manner akin to the brightness simlarity
descri bed Heprother cRemptenhthepystpmgrsy Birthehéanptiss shisslating, vatlchepuecsssor eadabl e
nediun1iﬁ ium t hat toresbﬁg%%ﬁguter data/instructions in machine

e,

a ne
r eadabi' ¥ PBFHN%§QKRQ§EO a&%ﬁﬁﬁ not limtation, a conputer readable

nmedi um can Iﬁ@ﬂ&h:&ﬁ&;aﬁ@[ﬁ)%&roﬁh@bﬁﬂﬁrd@&i@alﬁaﬂé@ﬂnh?/a cGPRIRLRERRALY Qeuleredi a,
met hods and/ or signals. Conputer storage nedia includes volatile and/or

non- voRianito anahgoyialin éc.gnan alzorithm posessebbea REMCssor mscleanesided i n any
hod d/ [ '
mgEhod and/or n(%)tﬁ&her}g Y e%c(ﬂrof%]hg ég&greg 1(}1}1022{1 A 4RL 1!119? h%cepmgésallrja[ble prgBer% d/ or

conput er -readabl e 1 nstructi ons, ures, program no es
ot her thtatieecss&ninysedle givariagdée. gedisantialil sale Snvabiuht tosinmbddorithripi@dsded byRAM
ROM EPROM 19 :
processor mechanism).
In another example, a brightness similarity described herein may relate to a white level
(e.g., a local white level).
20 In another example, an intensity similarity may be utilized in a manner akin to the
brightness similarity described herein.
In another example, a luminosity similarity may be utilized in a manner akin to the
brightness similarity described herein.
For the purposes of this disclosure, a computer readable medium is a medium that stores
25  computer data/instructions in machine readable form. By way of example, and not limitation, a
computer readable medium can comprise computer storage media as well as communication
media, methods and/or signals. Computer storage media includes volatile and/or non-volatile,
removable and/or non-removable media implemented in any method and/or technology for

storage of information such as computer-readable instructions, data structures, program modules

30  and/or other data. Computer storage media includes, but is not limited to, RAM, ROM, EPROM,
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NY 239, 665, 071vl 7-28-09 WO 2010/ 015930PCT/ 1B2009/ 006652 EEPROM fl ash
menory and/or other solid state nenory technol ogy; CD-ROM DvVD, and/or

ot her optwoaplogussage; cassettes, tape, di sk, and/or ot RET/IRHUYGHEA6T2 St or age
devi ces; and/or any other medium which can be used to tangibly store the
desired informati on and which can be accessed by the conputer. 5Further,
the present invention may, of course, be inplenented using any appropriate

nio. ragR i s SoBRGPeR AN s 1% i TR goal R Gl, DD RABre [y pe

of comps OptiAk@BYRLEcdshatcs Ay, BRk UiRitbr(#h@ maglbiRc QbragPHEviER| M@y, one or
nore server COI'TpUt ers, one Or nore client COI'TpUt ers, one Or nore

M ni - ©desmediEn “WhHid wp e psrdioparabliatore esiesisrdsinforpatiyn arshwhish cpbe

net wor, tranet and/or the Internet)), the type of conputer
progra g&mg%i8”hﬁ%8%§%%pthat may be used (e.g., object oriented

pregrannlnqhnhanquﬁamhypemﬂﬁmQﬁmpufamupip.mﬁmﬁn&gwuapg@aggapmbpﬁmaay be
used (e.g C++, Basic). The aforenenti oned exanpl es ar of course,
il ustCP@pP@éreélﬁablﬁmed%%tcpn@vtevéard@ar%wogéon@ﬁgﬁr é‘hﬁb‘ﬁ%f‘nerr]é‘r‘?@/sé%%ﬁﬁblﬂéose

descri mpl e
descr ioggghﬂa‘?& gllﬂ%lﬁ i Xref\&ﬂbl ne émtl{eﬁ?%ynéﬁ% t&% djvgﬁ I e nt 'BE l”%*a
descri(bed oheoemnre(mmnﬁramesf @at our moor sei"&atcumpetersf oaen(yr muxeh:h@ntrmnputers one

enbodi nent / exa e descri bed herein)
enbodiofrBHs ﬁlé@e%pé%e%fonﬁ RE IaP@sr@ﬁ%onﬂln%Pérmwtw H’&? & 06‘8«% nH’é% E?twséﬁ Cgp s

unger shegehdchatd/shes ﬁlt@rﬁ@gﬂ u{@a%ééieemk&%r@grgmtﬂlﬁglﬁe%ﬁxﬁaﬁéﬁha ¥ beaR@d not

restrictive, and 20t hat nany nodifications may becone apparent to those of
or di ndeyg., SRiett ornentetdrmommmﬂi@)s alakfélﬁpm ofcempaicn pmmmmalyglbee&tb@trrpw er

i I i ted." To th t ent t hod
arc. | TRNeRRted G5O CamueRe T bt ByBpyS eleht LR HubdTbsritfole oo
i mpl eresti@flcusi ng a conputer. Further, fiducial marks of various

enbodi nment s nay be of any desired, hoIIOM/shape Further still, fiducial
marks of v&Micouscermysmbadimentionymple dssgribicd heri (pr 2By Safuie onlseRTRE &Ny han

?wﬁ t 3681%08{]11&1%93@?5 dQsecnféﬁc'i E&eﬁuﬁ ni%gz(ye%mtb'ﬂ?ed%'tﬁ%@Ccﬁhé'rce%lb%f rﬂ%ﬂt%eé%g@) f orms

rern orms In the's arc. mot
Fur t heles@ibed hereirs@r anpfdatungockehiusesrodyinh guahf oterentbedinmead csiaple dandibedy be
arranged |n any desired pattern. Further still, the forns of the present
i nvent 6W1nay utilize any conventional features (e.g., clocks), as desired.

Furt her stiyld.; or
Cherer ot awhilg A baysbair eggo%ﬁngﬁgég@hﬁedﬂﬁ%&eﬁguﬁ@hﬁ& HERY bBEh BdsbAb &L

it is understood that these embodiments/examples are illustrative only, and not restrictive, and
20  that many modifications may become apparent to those of ordinary skill in the art. For example,
certain methods may be “computer implementable” or “computer implemented.” To the extent
that such methods are implemented using a computer, not every step must necessarily be
implemented using a computer. Further, fiducial marks of various embodiments may be of any
desired, hollow shape. Further still, fiducial marks of various embodiments may be particularly
25  useful when more than one type of form may be detected and/or there is a stack of multiple
forms (wherein, for example, all of the forms in the stack are not aligned). Further still, user
marking cells may be of any desired shape and may be arranged in any desired pattern. Further
still, the forms of the present invention may utilize any conventional features (e.g., clocks), as

desired. Further still, fiducial marks and/or user marking cells may be printed or otherwise
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WO 2010/ 015930PCT/ 1B2009/ 006652 pl aced on the forns. Further still, the
various steps nay be carried out in any desired order (and any desired

st eps maywpeorddedoand/ or any desired steps may be el i mPRANBAN/0®ES2 Cl ai s
1. Arnethed |er detecting user marksa Cenmenting: placing a formel a field
ot view eta canmera. wherein the tone includesthereon at |east a first

i ducial mark and a second il duclal mark, and weerain eachol the
firstliducla k arid,thesegond .fl dycl al rk ha .measyr abl.e pr rty
thal PG OB oy Fapher SOV rovtatri oph G o artip 47 desgen apdey By

el ect P idesitcd-sags ny WRladi@Pdidoral @eslrdlstdh mMaiic clb@hsudat ing with a
processor nechanismin operative ccnrmtrelcation wth the canera, bases at

| east in part upon the electronic inage, a distance between at |east tie
first Ilduclal mark Rea the second Vidal neet detecting with W processor
mechaniem at |east a first user marking cell on the form whenaln the first
user marking cells bounded by at | eastone inoticiumthat is visible to the
canmera, and wherein the first usernmarking cella detectedbased at |east In
pal | upon the cal cul at eddi stance between the lirs t ("dude: mark all the
second liducial Mark; calculating wite the processor nmechael sm a

dl eplinornem vectorial the delecied first USOF marking cell versus an ideal

pl anar position el the detected first user marking cell; detecting Wth the
processor mechanism at |east a second user marking cell on the font,
wherein the second war marking cell is boundedby at | oast one inricturn

that le visible to the canera, and wherein the second user narkel geal

i sdet ect edbased at |east In part upon the displacenentvector DI the
detectedfirst user markingcall; determning Wth the processor nechani sm
evidence of at least afire t ueerrnark In the detecteel fast usermarking

m | based at | east in pad upon a degree of brightens almwty between: (a)
et least a portion of the electronic. Image aurrourting the indlciurn
boundi ngWe first user marking Cee; and (b) at |east a portion of the

el ectronic I mage included inside the indtclum bounding the first user
marking tee; and determning wth the processor nechani sm evi dence of at

| east a second user mark in the detected acetone uttermarking cell based at
| east I n part upon a degree of brightness airrdlerey between, (a) at |east
a ponlun et the electronic Image surroundin 9 the indkal um boundirg the
second user marking cell; end (b) at toast a portion of the eledror ic

i mge | ncluded Inside the Indlclurn bounding tne second user marking cell.
2. The nethod of claiml1, further ocarprising: calculating with the
processor nmechanisma clisplarrreal vector of tee detected second user

mar king cell verses en ideal Wane: position of the detected second user

mar ki ng cell; and detecting with the presser nmechanismat least a third
user marking cal on the form wherein the third user marking cell 1Is
bounded by at |least orte indicium Mt |lavisible to the Guinea, and wherein
the third user marking cell is detected eased at |le est In pert upon at
| east one cif: fa) the dispiacenert vector of the detracted first user
mar ki ng cell; and (b) the displacenent vector ot the aetected second user
marking cell. 3. The nethod of claim2, further conprising:
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determinlng with the processor mechani sm evi dence of at least a third user
mark In the detected third user marking cell based at |east in part upon a
degree ot brightness simlarity between: (a) at |least a portion of the

el edronto 'nega surroundi ngthe | ediclemboundlrig the third user marking
cell; and de) at learn portion of the eledrorec |Inmage included inside

i hel ndi ci unfBoarding the third user marking cat. 4. The nethod of claim 2,
wherein the.t T is detected based at feast in part upon
at | east bot’ hma m‘(i@mg rrrnk';“’cgrfpﬁ‘“‘ﬂerrent vector of the detected first LIBBY
mar ki ng cel | ; nglae.)nmtahaeofdtu&pleaeeme.ra.bma\nemcweualeonalaexadefr@aatnedansecond user
mar | dng cel | . 5:SE%QWE%Q%g%E%%FBW@UC'BMEﬁmmﬂecwm#rﬂdaﬂugmb'e mar ki ng cel |
i s detected baskgy §§§;§; on between: (a) the

di epl acenment veGting @ a frdRsodh@ as&e"??ﬁ@;ﬂ%%{&%mg HGhsda @liebst in @ d (D) t he

di spl acenent vemnevpe'@rﬂrflc'rnabpead@etxemaerdnlmededlduuezmrkama!aeco u@hekc. 6, The

met hod of cl ai ﬁ;i’“%ﬁi?ﬁ“amfm F@L’iﬁﬁf"ﬁlﬁq“ﬂm@ “&L%"".%‘Zﬁiﬁ?% HLRGeSS

mechani sm at | eafddedde IS BT upoR B KA Al betw i &hgi N the third
user marking I. ﬂﬂtﬂ@lalmsk bounded try an i odic- rumthat |s VI SI bl e to the
canera, end whef Em : arpmﬁg‘fgf?* a==%3§se*rad'wmew reld felefied st mrfreed s ed at | east
in part upon atg, cﬁré séb %@ e?rﬁ!sm catoh (SLEET Bl F ST user
rnerking cell; @ndm(n@:)umaouﬁueﬁyemaasha ciuh e VRS 186 kP te, SERH ewéﬁ.iusthlg cot.

7. The net hod ofekgdedis frie@edbapegiytibakl b part @ ontipdisp Stmagvectcheitegaktniing grervirtnbest he processor
mechani sm eV| defmrenlrofﬂthtaetpmheae@aaamtemnpedmummnmrnkkmmdetnheeﬂmheirwtned third user
maddng cel | ﬁg“ﬁf‘”% il xﬁ TSH’“‘SI“YG rdget 5t apytprgtie festeat si i | e/ 4
t
gth

bet ween: (a) Baska i dem‘?adlc‘ usel:zsrgf e" "dﬁm'ml ﬁ’ﬁ@f et Bundi ng the

| ndl cl um boundid&gmi ﬁ'rﬁ@hthhbrﬁcdaoﬂﬁ&ﬁmmﬁf&ﬁin&eﬁ@t J&a secthtGsel )k indHe ddbe@AS&ond® POrti on of
the elecironlev CP"ﬂ@#d@d@d"Hsfnmnel@srtemﬂghmfﬁlmarmmb@unet!f-ﬁgap-tnhrewf third user
mar ki ng cel |, mp?r%ﬁj ’@“ﬁigﬂ{ﬁ R ”P:‘d" EPefiecs Brtee WLt mar ki ng

. B cium bou mg ssaoon user
cell is det ecte based at east In part upon a i'éast” bot h of : (a) the
position of2thened@tofelemedrthbrcdmﬂnguser marW\g ceII and (b) t he position of
the detected Sec(a:lglgtd wnall;e ro orm s lace ] TJ]‘E t wq d cl arkl;n 55 wher ei n
the third user B8f RicMGabE bl Iomgiét gﬁﬂsm Af T e s‘mt" FhPart upon
| nt er pol ati on batsm;eemne rﬁrb@anrpm;bakusmm u@f mah endﬁﬁe&ﬁﬁ. eﬁle.rfthem&tusauser mar ki ng
nil; end (b) th'e;lrk' !iiPQ°FW$YG$EF?{W°@€%®§%M§Gt°§;§%md"4éft@ﬁmxgﬂtggﬁnr%: cell. 10.
The met hod of YN processor
mecnani nt h WherclﬁE tghmd‘f ?)dr(bn’tlg ﬁo%@esgeeﬁ%m% ? sggermfmf]l tEary after being placed
In the field Bfmthbdetweinl, futhléreomwﬁfmrs 11. The method of clam 7, further
conprthlag decodin ocessor mechani smidenthicration information
on the 12 The HEPRAALT ;ﬁm “:z:marﬁhmmmm FELEESTW ci um bamai ng
thofirst user He&mehga@n@ nd the fn@diu Bauiingirle BIRIEE: nla@A Bl ada ) cBdAda @iicn br@aSt asec: and
i ndi ci um boundl%goftcheeeeee@mdiemerer‘uwmwirel@gmms% a cI osed boundary. 13.

The nmet hod of cl ean \\Q& ﬁp'deac i ndi thum houndi n h.user marking
cel | Is pri nt@eﬁ" iamlmraf?m o618 (39 For] cols Ay p?:cfs"f\'i épﬁkf?aafe@g irtal clum

is viable In dwdruuiemmnyaan”era and a hunman. 15. The met hod of claiml,

Wher el n the SS r FIE IntI Srnuscerom rIc:%llelssd a atlea OrtCues nte oiatlon 16. The
met hod of cf aaeh? i RS LELTE, t@neeﬁfd sagrm @m,@ E&i@f #65 arste Pl Ural ity of
processors. Etgctea-:h@ndruﬂﬁrta pdur claire 1, Whe reinthe ronni ssel ectedfram
t hegroup consi sting oft |lottery play slip: a sulver. Br; la fact la, The

met hod of cf a1“h’1‘°f“°“°§/fﬁ@r‘é*i‘“ﬁ°‘f*ﬂ'@‘"9canera conpri ses at east one inmage sensor.
19. The method @fcid kil ARGESL: Bastta DR EARRERNGARIN, HESn Rlmd 8RSt one |ens.
20. The net hod mahgtimbdgsednft thi@n ihd: Besbe s @& caftll &kd wigendehe ustmeidatdtis ot h I n a
gild padom WI tgyectadimspa Fainper vepn i figsopa ok i edsiieg ' et M tFt v Pt etit ser mar ki ng
cells in at | ed®fP B8R B4 & Y8RP *Yi rection and a vertical direction.
21. The ITEthO‘ﬂ\erﬁbfhod%QI%qHsRlerchﬁHQEI n theuser:marking cella are lald out in a
grid pattern, with essenlially unitorm spaC| ng between adj acent user

I'TB.I’I dng Cal l S |W°|’B] P;{::%w mﬁn ag I&F‘ e‘gro bR similar gen: (a Teas odl eCtI on. 22
The method at CKM& iy o1 Y aﬂﬁ”ﬁgmfm imn.sea@kﬁmi ‘ém‘?ﬂmut in a
non-gri d patt erdvcroi@Buage htugsdmed hotiiaof vogdrainemidysernaing der =upri sing at | east one

i ndt hium I nside at | east one user marking cell.
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24. The nmethod of claim 23, wherein the InilklamInWiri the neer mandng
cell conprises at |east one of a nunberand a Setter, printed In Ink
invisible to the camera and visi bl eCc humans. 25. The met hod of claiml,
wherein the steps are carried out i the order recited, 26. A systemter
detecting user marks, conprising: a camwa;, a process= nmechanismin
operative cmmﬁmhc@etwwwwlrtth thirdverr ekinge el g deteatpiidiesaitet idastigeptt upogdeedt o i Wherei n t he
form I ncl ude$ Ferefieadie detecteg sy maping pliand (NEEpATTon e fetedkad epoont vepsmeddpieeledi ct al  mar k,
and wher ei n, eRGRn@bs chh8 whohoh B i LG HarkilgGen WBdekeaBRED o NG 1n SACRNElerdoelbtCT al  meri t
has a nmeasur akbeen: Ee peirib i thd dastted fSus@ 8@ Ndl; @bl biyhe Be@b @thd dawad se@mtissivher ei n, when
the formfit pkeedd In afield of view of the canera, the canera and the
processor natiNani, SRR KRR SneheRe G whiths phelior hledsd\Whed de fh 6R5es  gENErating,
with the m ntaesnsuwsadana@hn&mmaﬁuadaﬁtnbmgeewemcga;m | east a portion of the form
cakatating with the processor mechanism based at teeth In part upon the
etectronio ﬁﬁegj’@t“"d%{dﬂi Iyt tehiE th &t Prreg SEch e op i R dA  rans  and t he
second (Nodalwmarkt detecting with the processor nechanismat heist a first
user rya rieng cell on the him mhereln the first user marking cell is

bounded by ﬁtunjgéaggfﬁ%ﬂfMﬁg@ ERon ﬁqué’"‘f"U‘th‘l‘fem‘d\‘i\ﬁ?r“@"da’énd wher ei n

ar n cc losgd boun
the first user I ng cel tect ea east”in pert upon the
cal cul ated i sttramwefdbet maimeathhnemuhbqurgltwgeheahsumtrmnatel| wendn@nd t he second
fiduci al cul af ocessor mechani sm a di spl acenent
vect or of t{]aThH‘é céjéftclgxa fvhe anhwg%upm%lbg athmecamrrfam{/aéwiméahs an | deal pI anar
politer) ofisthencdetest edheifmh m@ﬁooeatrtneﬁanurneaﬁphdragngsemssor detectingwith the
processor nmechani smat |east a second user neriting cellonthe | ana wherein

the Moat us¥rMHEMECHTE™ & &R PPt e mEsT Pt 2 Pt PEHE™ ndi 0: am beaks

Vi si bl e t0 {7hBereAdlBER 1 weiRHnMREE LB bR oS B GRERL AR BkyokyBh:Kd O a8l 1S detected
based at least in part upon the displacenent vector of the detected first
user mar ki nt§ Barehedoigigp bpiERPafeeRfompises Kiersisteiageseswr medi an teal evi dence O
al | east a fifishonlisQhn Bhlod kR ofiflaRAES, Lby ST user marking cel | based at
| east In pet upset a degree of brightness sinilarity between; (a) at |east
a portion ofo Théreehgloeiat b gerighe engwmne@lmwma% Wlmqsmlnilummr@@emdl ngtha first
user mnarki ng Eer At PHY G i pErfeere o PR PiEeT B9 Lt roni ¢ | rnage

i ncl uded InﬁlﬂlammemmoqhemnMéusbrmmaarmxdsuhegidt,@&n W SRS Dengel |5 and
determ ni Nng Wietvdan ddfrem R OSSO I bare CdiAN BRIoeaid 0enC@ech. at | east a second user
mark in the detected second user narki ng eelé based at least in part upon a
degree of brleﬁTgﬁggsd“'@fFﬁ’ﬁ%’f"t”?”b"g'?ﬁcg'é’ﬁ TedPFRFI %Sy a potion of the

el ectroni ¢ MAGRH&UIEAY RehkB@priRAndaNdi Ko Redndhirgut-hexgacond user nmarking
cell; and (a)_ at least a portlon of the electronic imge included inside

the | eaden ﬁollﬁgﬁ“ﬁngdmﬂﬁw Eiele] oV S e o i 0 °?i'§’f“l’”m?5t‘ﬁ°”°'ﬂ‘i‘é”"§%/‘§f em of claim

101 ecameraand visigleto hl
26, wherein t ra conprises at east one | mage sensor. 26, The system
of cl ai m 263. mhresmeuommihhena@aznﬁre;aa@ﬁmbmee&matecmkdeast one lens, 29. The system
of claim 26, wherein the processor mechani sm conprises a si ngI e processor.
30. The sys%ee‘?ﬁ"%f’"’ CPEIRES 8PS n t he processor mechani sm conprises a
plurality of pragessors, 91. The system of claim 26, wherein the steps
carted out by tdveccsanmersgiartrasfrecopmoe®sgohecmeete@cni sm are carried out In the
order recited. BZ>°THE: ‘E‘m‘*@m P e T i‘;ﬁjﬁh’;@‘“'&f‘(ﬁ.ﬁ:ﬁ”‘i‘ﬁ&i”ﬁt tal cul ati ng,
W th the process@lifieR@anksm fhe presence clan 1 mbp 1*’87'

whereln, when the form s placed In afleld of view of the camers, the camera and the processor mechanlsm
oparata te carry out the following steps:
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generating, with the camere, an elactronic image of &t least & porion of the form;
caloulating with the processor mechanlsim, based at least in part upon the electronic image, a distance
between at [east the first fiducial mark and the secend fiducial mark;
detecting with the processor mechanism at least a first usermarking cell on the form, wherein the firstuser
marking cell is bounded by at least one indicium that ig visible to the cemera, and wherein the first user
marking cell is detected based at least in part upon the calculated distance between the first fiducial rark
and the second flduclal mark;
calculating with the precessor mechanism a displacement vector of the detectad first user marking celt
versus an ldeal planar position of the detected first user marking call;
detacting with the pracesser mechanism at least s second user marking cell onthe form, whereln the second
user marking call Is bounded by at least ane indicium that ls visible to the camera, and whereinthe second
usar marking cell is detected based at least In pant upon the displacement vector of the detected first user
marking cell;
determining with the processor mechanism evidence of at (east a first user mark in the detected first user
marking cell based &t least In part upon a degrea of brightness similarity betwesn: {a) atleast a portion of
the electronic image sumrounding the indicium bounding the first user marking cell; and (b} at {east a postion
of the electranic image Included Inside the Ingicium bounding the first user marking cell; and
determining with the processor machanism evidence of atleast a second user mark In the detected sscond
user marking coll bagad atleast in part upon a degree of brlghtness similarity between: {a) at least a portion
of the alectronic image surounding the indicium bounding the secand user marking cell; and (0) at leasta
portion of the electronic image included inside the indicium bounding the second user marking cell.

27. The system of claim 26, wherein the camera comprises at least one Image sensor.

28, The system of claim 26, wherein the camera comprises at lsast one Jens,

29. The system of clalm 26, wherein the processor mechsnism comptriges a gingle processor.

30. The system of clalm 28, whereln the processor mechanisin comprises a plurality of procassors.

31. The system of clalm 26, wherein the steps carried out by the camera and the processor mechanism are camied aut
in \he order reclted.

32. The systern of clalm 28, further comprising calculating, with the processor mechanism, the presence of an immoblle

form,
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