;.q/f’,\ (g
FORM READER MVIH LI NEAR CCD SCANNER AND DRUM-EEED Backqground of th

Inv&ntion 1. Field of the Inventiaon This injent d d
fornﬂgreaéers and in particular to a reader fongPscﬁ%bﬁ‘gtgﬁg | nf tlcn
on manual |y marked forms such as lottery.en moe‘scrqiﬁa’c spa'ggdwelf,l tcpagetii . MY, _e_c
fornms such .as issued Iottery entry validati \dﬁﬁ% S: pa JhETfQ Egeﬁ
advanced by a drum f eedé#;«i ncl uding a stepp 5% """" é& ogfg
linearly arranged charge“&goupl ed device ( r?"ﬂﬁq(s)s 8?5 """ T Ffbp‘t‘ﬁ?tip { of
the CCD |ight sensors are digitized for.: dbeiacd -1 pagedrotor ta pagetit.ain |a
two di nensional inmage “of the form for ana y'St+S——2RPft-H——At—or-aB £ 0r

recordi ng "handwr i Eoaly ERAKER’ ATTANLEMERR BRDASCANNER HRDADRUACEREDNY System

—h

generally have a plurality o | SCrete areas arranged In a pattern _
del i neat ed by background pri L £ Inyeht r indicates a choice
by pl aci ng_.aHij of) th¥' Iowenitien nark (e.g., entirely filling in the

area) In one old Uik Ao AN e}g‘ﬁﬁ%ff’{ef&‘ P erorm SAeudls  NEad" 285

is typically de ova Space i nes
f or m nor mEaxtied.ar T‘tiQelad regdez Aowbeiserimisptingi sBSormatignoent nagualbe

are used niree Folchst eueﬁcagleloacﬂé&tyt ent i exeke&scmlwalo%snw‘@%&df 86rils
wager, 5*% forgl reaa d data cgm"run g&%a% vtrakl l,otter agent o 4g
t erm nal Ri?h ASEER a%l lﬁ(ﬁ:iyer?}‘ %UF 885’ G *‘ﬁ on Pea % aye*
entry the advanned dyeatdrem fisedendncludimgent sYeppite matomi P@sthen array

player's # ryirdiksy Séﬂ-é\ﬁgé&méﬁéreé %bh%&eﬁn'd&b&dede(récﬁ) CELdIP. szhgors.
uni que identification r.i nted al E anurre&a%*char cters as, well

as barcodgh%&‘ﬁ%t% a?teeré% T i IFPITER) 2Th e Bredahk8hes
bl ocks i nce gelerehotor pabdt ebrtaiepreesend i dgmens!aonaldamage Ioff tthe pfaper for
presents aﬂ.ﬁ; 'Y%-PSE ticket as a winning ticket, the lottery agent enters-
data from_t-he into the termnal for verlflca- tion by the lottery
central c@mp@é’é&l‘o@l:the data conmunication link. This data can be read

automatical |y irbrnite foiRetdehgd handhdidten mafkentby bAtHy UEi agtaninto

approprlate(ﬁ%&gngéocessing system generally have a plurality of discrete
areas arranged in a pattern delineated by background printing on
the form.- The user indicates a choice by placing a line, an "X"
or other mark (e.g.; entirely fllling in the area) in one of a
series of areas presented for choice. Each of the areas is
typically defined by a box, oval, pair of spaced lines, etc., and
the form normally has a field for a number of ;sych choices. Forms
of this type are used for example to encode a lottery player's
'choice of numbers for' .a wager,; usrng =2 rform reader in data
communication with a lottery agent terminal and with a central
lottery computer. :

Upon.validatlon.of a player s entry the lottery agent terminal
prints an entry ticket showing the player's entry and a serial
number or other unique identification. The unigue identification'
may include printed alphanumeric characters as well as barcode,
-optical character recognition (OCR) characters and/or darkened

' blocks in a, geometric pattern representing numerlc data. If the
”7% - player presents a printed ticket as a winning ticket, the lottery
oo ‘agent enters data from the ticket into the terminal for verifica-
tion by the lottery central computer over the data communication
link. This data can be read automatically in the same manner as

a ' handwritten entry form{ using an appropriate scanner.
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2 Hand-marked forns are read automatically to determ ne whether a mark is
predent or :absent in each of the areas presented for choice, normally in
Tow§'andicolunns Printed fornms are exam ned for the character of printed
marks in a given field. The formis illuninated and the level of light
reflected fromthe formis conpared to a threshold |evel. For a row and
colum form a photocell can be oriented to read each of a nunber of rows of
delineated areas or tracks. The level of reflected light along a track on
the formis related in time or position tf the pattern which was printed on
the formtao define the colums, such that“a two di nensional array of marks
(or mssing ng t t _

(or  m 551 1, TR AAECHE REME St 9ol AUESRAEBAN Lhord idhedin il dile i

| i ght and@oPg&Kn %aﬁ%ﬁm mtabsent £or MaRistohethe oBERPRF PSSR, £9RI

fed such &heicej tﬁ@fmangyrmsr&ﬁs téma Cé&wmssar &’ﬁldﬂ.ﬂfcfdzﬁné ra-éeenearmgxed

phot ocel | as t he photo that hy
time or g?ﬂ?%ﬁ %‘@r 1'éc‘? ]tp ‘Zﬁ‘l ds‘? 75 2 %{'Cc?ﬂ ]SFS'r elqlg? dg]?%" s
position Dhltmmla‘ceqh aBdr tHwielevahnofs kighOCrefdadted: zﬁr@%‘l the aform tist

the refl egbapapedl tdheal Unieishollie FE¢&y Of 'f&?rSStrdv& 28800esh dnth ORLZRN a
informatiop Tromthe variations in_darkness, of the form rtain_probl ems a

re encounPBPEACRLLaCREMRS FIeNtRd atR FoaF £FNPEL Pn HRSET PEadaws ©
particul adeyinkatefadreasyohi ghackspeerise Dewel of heflactad higtedlong a

whi ch ”ﬁy5¥? hH 'the ff% and Ldy aé re&%fﬂe%Qngémi f QgnGan tern
m sal i gne t he feeder he han ten or print S can vary 1 n
char act er whhghdpRnBENtedeon| khei ﬁmmasmfe@ecmww%q% &Py thate a
printed dehbnaarneaa&oﬁam d2bdyl Bft RArksP QD! imABsAhgt hezﬁ@)maﬁ@aa@eéﬁnm
flutter t Everse%gs it s fed along its _|ength, ther%s%/rvar

e

refl ectan &% ARy EOTr ¢ hEP dPEBERC Ao EPREES
sensors, Bcsiti'onsohvehe hfsom awntitivt thee Jewvdl enf refilegredrlight hand mlmaid'ed

a nunber ﬁéaﬁ@ﬁﬁfﬁlCdE‘EQthﬁé £ TREP YL lrofB21y {:8&1@&‘8%&“&:& hEad MiEh
"To inprove corréiation of the signal to position on
that either the rows or the columns are aligned to the sensing

photocells, and the form:is properly fed past the photocells such
that by time or position 'l':he reflected light signals are accurately

related to position on the form. Bar code scanners and OCR readers
are similar in that the- reflectance of the form in the area of
interest is decoded to obtain information from the variations in
darkness of the form. )
Certain problems are encountered in attempting to obtain
accurate data in a form reader, particularly at relatively higher
_speeds, due to the va:léus parameters which may vary in the form
and in the reading process. "'A form can be misaligned to the
feeder; -the handwritten or printed marks can vafry in character and
darkness; the illumination source can vary with'aging; the printed,
delineations can vary in their position on the form; the card can
flutter transversely as it is fed along its length thereby varying
the reflectance level due to changes in the distance between the
marks and the sensors, efc._
To solve these and other problems, the prior art has provided
a number of specific electric and mechanical means for handli.ng the
forms. To improve correlation of the signal i:o position on the
form, for example, clocking marks can be printed on the form to
trigger the threshold detector. To better respond to the light

T




form for exanple, clocking marks can be printed on the formto trigger the

thre§hol d detector. To better respond to the |ight 3 refl ectance
vari atiofs representing marks, the threshold | evel of the conparators can
be varied adaptively. The form-feeding apparatus can be nmade to high

tol erance, and the forns can be printed to high tolerance in delineating
the areas for potential marks. These procedures add to.the cost and

conpl exity of form production and formreadi ng apparatus. In US Patent
4,724,307 - Dutton et al, an array of chagrge coupl ed devices (CCDs) is used
to sanple and hold a two di nensional representation of the reflectance

| evel oveeflbet&nbe fractationsf vepresaptingmazks) | the nthxeshold level of

stati on. ggD gfge&é | Bef QRIS Oeﬁepttweiwenwwl fai-ﬁ.ayfeéamg

di screte SOr s, e Image I1s parallel loaded into the CCDs al]™ at
one ti rreapemipgpﬁg C@abhbef meﬁe D RiFRoFoLrERBREs BB *f*&/elfomecr?an be
represenpgihigedl evehigh reflettined |ﬂrgfﬁe1a1ne'hmfg eRokderys Afen potéfeial

form The c ge J.evels of the sen S tize
provi.di ng 5Q5| er'Ilhn""talse o= 9T ‘Hecsalasé)éep};gsgh%aﬁ on %1(‘1‘ emfi%gexg.t%} ‘%ﬁ 1@I‘?orm
The corrpradugtioh ané fommoreadingt spphTagussence or absence of marks
includes fi ndu;ﬁg USEflﬁéé‘é!‘}@ gey¥8, 3071 he puhen v éﬁarahl Rgrhle gBtdndbge

contrastin e ned Ssitions t di mens nal

rel ati vecpgp{iﬁg 3% (gcqt,%e -S ?ﬁ% Hai 5?“&% ?ﬁ%hé‘\ nE¥o 'T‘?fés%?'égﬁr e

el ement srepr)esba):awﬂmh oefr et beeﬁtée-ladxicye shavékrovannthee fudidk faamof a

defined Gy NipHad 1S 1130 i e R d;l‘gréé‘d’eé@él £445 ONDEKS NP Bl St 8
notW|t stan

contrastr ng edges are det ect e varrations L n _nar ness.
The procd®8gf nked foFUFeSeaPRh ZnkNP é?jé'é%n%ifmi% PRREE. fF fil"récf"@ft@r ehtR
mar ks, ageéngbes,| aﬁat €He 1iMeg@Uns iparsl X1 tlvader] dinfiaC €hBRCEBsaalllr atedye

el e o SRR, ki SEERE P, Stndel LGAHRSY S R ypeen

The devi @epn:esens@nsheu Leved wérmeﬂfeqted idightt iadne aRFeasperding area of
the form. The charge levels of the sensors are then read out and
digitized, providing a pixel map or numerical representation of the
image of the form.

The correlation of the sensor data to the presence or absence
of marks includes finding reference marks in the image and
searching the data for coritrasting edges at predetermined positions
in the two dimensional image relative to the reference marks. The
individual CCD elements define picture elements (pixels) which are
sﬁbstantially smaller than the mark areas defined by printing on
the form. By comparing several neighboring pixels, contrasting
edges are detected notwithstanding variations:in mark darkness.
The processor need only search small areas of' the image for the
refe_rence_ marks, and when located, the positions of the reference
marks accurately define the positions of all expected marks
aeiineated on the form by printing. Moreover, the mark positions
need not define rows and columns. |
' The device is insensitive to many of the variations which make
1t difficult to read data in prior art form readers. Due to
recording a freeze frame two dimensional image, the reader is

' insensitive to form feed variations such as variations in feed
rate, form alighment- and relative distance between the form and the
source of illumination and/or the detection devices as occurs with
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it difficult to read data i'n prior art formreaders. Due to recording a
fretze frame two dinensional inmage, the reader is insensitive to formfeed
wariatiors such as variations in feed rate, formalignnent and rel ative

di stance between the formand the source of illum nation and/or the
detection devices as occurs with . 4 formflutter. However the formreader
according to Dutton et al, as a practical matter, requires all the el ements
of a video 'camera to obtain the freeze frane imge which is digitized and
anal yzed. The two di mensi onal CCD array d the associated optics for
focusing the image of the full formon the CCD array make the apparatus

rel ati vel%ﬁ%pﬁ@éy@rcorrpar ed for exanple to a line of photocells for each

row or col umn._ Moreover her the_form nust beava(rg)q%tot e r,ea
station and stSPfR ‘EFrthﬁ FRRERT n &GS 48 heEQe FHTF P B nFlsrreﬁ'?l iy
of the i napctikdelenatter | eneqiirésrahkbrthedelemehtserfeasvideot gamegaddo,

and to s d t 5
SUMMVARY O ;IéHEEEﬂ %Eﬁjé %r?g'aa%ﬁ%é ectﬁ?\i@gg%\fggté fioﬁﬁ?o rzed s e
mar ked f J¥¥R rmsw&ahd%m §§§§Y0P“?wﬁhﬁl REFSFIALP pPJ?§F'°Frr§&€ &ocysing
process- thy hage bEdWHeOfUlE faprnen hel IOCD earkeay hakéesthefl apparfatus

e e LB TRE AF WAy 8 £ A e

including an i'na or s various-tormats and
si zes, arﬁpmqwma'mprt cehuEn . wdfarenvest, edddexoiths. fq:%‘mu!%%tfhﬁ?ﬁéﬁanced

aspect ofgd htfhé &?éﬁa IsHa Hi®d éﬁﬁﬁoéfobbé?cowe@tféﬁvﬁd Qihl]amfﬁ{é’&irdiﬂd.@ nleeidddhe
user, artl Ccu usi n a rgym.ogrormtr-ans r | C SNDO
Form i rome rrseft sieqdidy 8 e hade o ekt aens AT pda

and retur¥s.the expense of the reader, and to some extent make. the reader
less convenient for the user.
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the formsnoothly to the user. These and other aspects of the invention are
foufid. in a formreader especially for lottery forns with handwitten or
prln%ed mar ks. The formreader includes a drumtransport engagi ng the
form and a stepping notor for advancing the formcircularly along a path
around the "drum passing through a |linear reading station el ongated
perpendi cular to the path. A light source such as a |linear LED source
illumnates the format the read station and reflected {ight is focused on
an el ongated array of charge coupl ed devisce (CCD) |ight sensors. A
conparat or having a threshold based on the maxi nrum and m ni num det ect ed
light levels is used to digitsueMARe OFXEHE ENVENBLONCCD |ight sensor at

cach step, therebys el BLRGenoX %ol 1AYeRL.bhObb BbedRhKiR! Kehiniche Rnke

data is captured Tn can be bas

pr ogr ammeggaden gihe W@Q%Pﬁ trogdnensionat Bl daggedate avocesse
menory acmfmié]eréua@ingia&we adMpetd Yo stid eralider f or  predet er m ned
patterns, - pa handw |€ n_marks gﬁl rit d ef e SIS ST k% b code,

A throat sens dé‘Fec?s bﬁfr nF oS Fo The T eader Por ‘Wﬁ?‘f%t ﬁ’&'
oper at i orvexfsaticl Sty g formoreafien ihelﬁdingl an pirageipraaessapitte aldiowgn
the formgenel Al Vedbnd *@fwaﬁ&%wg e s B2e Ia%ewcwhgsm@ﬁtf&{
different formsizes, al |gn|ng one or both edges of the.formto the
transpor t3pHHML as PRinEsd EXM$ pti on 6f the Drawings The invention is

di scussed hereit st har ghaittiene &spextnpifr yhenhomrersticn Webc himpeove ortatee
the el ene I pyent r h e | e t
ot her onyiigdte YR KSR BOUEHE! o EndCUBSE | 2pr BRRRsBuT GG
di scl osedizu® £PEm rrﬁﬁan$n°¥‘hewmem amgothly. agceetﬁnaeiﬁlﬂ'ﬂd&'%‘ef@&edﬁ%
view s hOW!-éEﬁé hen® hf@tﬁaauﬂﬁgeat &oAREndensr akvaRbihgh@odiba)JamaN ireturns

?ﬁgo(r)glepa l?% %he 'snﬁ{go-éhfy t ezusl sra functional bl ock di agram show ng

. These and other aspects of the invention are found in a form
reader especially for lottery forms with handdritten or printed
marks. The form reader- includes a drum transport engaging the
form, and a stepping motor for qdvancing.the form circularly along
a.path around the drum, éassing through a linear reading station
elongated perpendicular to the path. A light source such as a
linear LED source illuminates the form at the read station and
reflected light is focused on an elongated array of charge coupled
device (CCD) light sensors. A comparator having a threshold based

.. on the maximum and minimum detected light .levels is used to
'digitize the pixels for each CCD light sensor at each step, thereby
defining an X-Y array of light or dark pixels. - The pixel data is
captured in memory by a frame grabber which can be based on a
ptogrammable logic array circuit. A digital processor coupled to
.an’'image memory accesses the pixel data and analyzes the data forf'
pfgdetermined patterns, namely handwritten marks; printed reference
mérks, bar code, etc. A throat sensor detects the form at an inlet
tb the reader for initiaéing operation of the stepping motor when
the form is present. Form guides align the fofm generally to the
transport path, and can be laterally movable for different form
-sizes, aligning one or both edges of the form to the transport °
path. : '
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the reader according to Fig. 1, Fig. 3 is a schematic diagramshowi ng the
CCD"chi p and the conpari son ofmgixel analog levels to reference white and
black lewels; Fig. 4 is a schemhtic di agram showi ng the generation of the
formpresent signal; Fig. 5 is a block diagram show ng the stepping notor
drive arramgenent; and, Fig. 6 is a block diagram show ng i nrage and data
menories, the bus and bus controller, and nicroprocessor for inage data
anal ysis and for communication of the results. =~ -7- Detailed Description
of the Preferred Enbodi ments The forn1reaq§r of the invention as shown in

expl oded view in Fig. 1, and in functional” bl ock forminm Fig. 2, can be a

modul ar el ement which is gjther . Bl dd FF G3d 'iH&-aQJiddgtC' orporated in the

casing of a larger termn S T casing O a _lottery agent
terminal.  Thefhe day@ntiqn dfedigcunged; Resein gyl th FRISTPITR Y rRemplary
r ﬁl ative t@nﬁaméemmw t.itmébﬁpﬁﬁai:ég.tlﬂdj a2denmienttse Hfonthe? isfvertion;
chassis 2 ich i C i t oLlke r ¢Qt

t hr oat op(el?ﬁ%egvﬁﬁ’ ié‘%e‘?ﬁ% ﬁsgv‘?%égglévi éf?; hf%ﬁ?if@%gfgﬂf %ﬁ:hgﬁﬁgfrvﬁq (félsl ta:
form to axTangeReRREDJIV et SePPenta: & kineenhten ops ddisgleosedy an
tickets, avAfhdd Of Bn 2%hd ewingEhes (8.3 to 11.5 cn). is appropriate.
Lateral guides hayi barriers.32 are disposed_al ong,the_edges of the
formtransport é@%haﬁofgu%ﬂ i gi §°g?$oPﬁF§8ﬁcggvﬁlg§88 ?ROV S ﬁﬁaPﬁﬁﬁiﬁ%ﬁ;
24 with orelemertsigandt genprale 2@untivig h anrangemendui ¢etaonding h to the

opposi te efdggsnPode barriers 32 of two opposed spaced guides 28.
This assists in_aligning the formto the transport path 40. The form need

not be aligned Bx@ct4 #SHecEHRCELPRAL PLPEkALATTRP ShowiRg ThR QRAFPTion of
wher eby tttee redder cadcolmdingnmpeiy) Ly ew of the detected | ocations of

the reference Fig. 3 is a schematic diagram showing the CCD chip and the
comparison of pixel analog levels to referenc_ie white and black

levels:; .
Fig. 4 is a schematic diagram showing the generation of the
form-present signal; | _

Fig. 5 is a block diagram showing the stépping motor drive
afrangement: and, ..

Fig. 6 is a block _dia'gram showing image and data memories, the
bug and bus controller, -and microprocessor for image data analysis

and for communication of.the results.
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marks.. Such a procedure is discussed in connection with a freeze frane

i mage processor in US Pat. No. 4,724,307 - Dutton et al, which is hereby

‘i ncor por at ed. The remapped data all ows processing of a precisely fed
card in a virtual sense even if the formis not fed precisely parallel to
the transport path. At |east one of the guides 28 is novable |aterally
(preferably both guides) for setting the width of the ihlet 7a or throat
openi ng 24, and-keeping the foerm-within certain limts of correct
alignnent. The guides 28 can be slidably,mounted on a slot at the front 22
of the reader for this purpose. Fromthe‘throat or inlet opening 24,

transport. path 4@daadeg de%%h@%%kyoft gl prLie@aSRN Bndliiifilonts  whi ch
is relatively | exanpl € apou nches
(6.3 cn) in Tl’tﬁ readerhefdthe IBYPHELRN 29 rﬁ"&"f’bﬁé} explded vdew in

better errdagl ng tahedfm nfuﬁéleléﬁlnbrod’xelﬂbﬁ@amsrighezdruahSBedar médular

transport,, r eby t_f flut t.erin
char act er’r$ e?'lﬂ% of’ %r%m; f%légg eé\’/‘iin'c%@eagr%%atls ot.ga§ﬁ§1 %qinséqrﬁpg?rcﬁg’e%&ﬁ‘pltgﬁ
to a shafaasgdng Wi ¢h larger fhgmimd-plswht @sditheec casdagblof @0 loktesyt agent

belt 62 aagemiv ! ﬁ‘h’éokleﬁaérpﬂhéfﬂée§6a &%s&%‘lﬁ@@dﬁﬁ&ﬁiﬁi‘f@ X:hboph%s
shaft 54 of .drum 52 and t he shaf step ing mptor 70. An
pul | ey 7FRAHFYS He 51 4§? a&ﬁd o h tﬁ@J?Féﬁﬁ.ﬁ&enEFBPt782

ensur es tdfaithdechassiB? 205 dwhicen msad:cess;zbbg tthe thre vhoasseyrbhgehur or
advanci ng, i f g n g r B’g@ﬁgfx St%EW'i%E ata‘}@.%eﬁhe ﬁé@ﬂﬁgo gﬂ.
rive as ed by a rive

40. Steppi-ng notor 70 of is controlled by
circuit figdeny gf°%)tl’leowér§9§‘ﬁc€°¥'ﬁet¢ drenprPeRs§Rd.” For lottery entry

tickets and validated entry tickets, a width of 3.5 to 4.5 inches
(8.9 to‘ll.s cm) is appropriate. Lateral guides: 28 having barriers
32 are disposed along the edges-of the form transport path 40 such
that a form can be placed in the throat opening 24 with one edge
against a guide 28 or with the form guided at hoth opposite edges
by the barriers 32 of two opposed spaced guidee 28. This assists
in aligning the form to the transport path 40.° .

The form need not be aligned exactly accurately :Lf reference
ma:::ks are included whereby the data can be remapped in view of the
detected locations of the reference marks. Such a procedure is
'discussed in connection with a freeze frame image processor in US
Patent 4,724,307 - Dutton et al, which is hereby incorporated. The
remapped data allows processing of a precisely fed card in a
virtual sense even if the form is not fed precisely parallel to the
transport path. |

B At least one of the guides 28 is movable laterally (preferably
bo*i:h guides) for setting the width of the inlet or throat opening
24, and keeping the form within certain limits of correct align-
ment. The guides 28 can be slidably mounted on a slot at the front
22 of the reader for this purpose.

. From the throat or inlet opening 24, transport path 40 leads
immediately to a transpbrt drum 52, which is relatively large
compared to the form, for example about four i.'nches (10.5 cm) in
diame,ter. The drum can have a frictional ‘surface for better
engaging the form. The .form is held against the drum 52 during
transport, and is thereby kept from fluttefing in a . manner
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around the -transport path 40, synchronously w th collection of imge data
from1the form The notor drive neans is activated to nove the form around
1 he drunﬁ52 when triggered by a formin- position sensor 140 (see Fig. 3)
i ncluding a paired LED and phot osensor which are arranged to reflect on the
formor are disposed across the transport path such that the light fromthe
LED is interrupted by the format-the inlet or throat opening 24. Top guide
assenbly 80 keeps the formin positive contact with the.transport drum 52.
The top gU|de assenbly 80 includes idler Jollers 82 and an arcuate cow ing
84, which are resiliently nmounted to bear” against the fermin the direction

ft h tg d 5

o £ PEhde UL B L e NS S GabGILEOR B s I0MIn°Ey £8 Ui
and top ¢ePwRrled skorn \SiBaf to¥4é, twitichris iin &%uqu%d@ arive [agfemRinhg
neans 90 el wdicBethER aéien‘etyer&?agé@IvﬁftrhegnnahupaubysoésI Itgdnt SAUP1RS

di sposed across, fhe transp at h r |II nn are form at
the rear DESRFREEHITH % e‘%ﬁmg%? dt %2 a%é gf’g ﬁ? 8§F £

transpor tsteppinkg motdhe70 L EAn | i@&nmepublesso'm deesﬁs c‘lame |b¢lnm ﬁmt@um@nd .
formin at&é&fﬁ?x‘.mh%h' %h@oraoaegmba%e& a7y ShsteSItAAL! Riel ArimMyXhid S

to be ignored, exanpl e red ght to ignore reen%mtlng et c.
Pr ef er abl 95+¥RA (RRRETLY l&r'?&nﬁ'%%l ‘?Ei‘f%t%?ﬁe‘%\’gvﬁ’ft IVIRGIY  the fRE™ 1h
pen, as mlfe@slé)ianknnbbustepwpsepébomlﬂhengramspdaetfpanh Z0e light from

the LEDs is gfgfé@mg% %fredzdﬂoeéwa«.t%%I agglem%g nﬁg ng‘%mam& the

formon a rea rea ar ea_ 90, %/ m natl o
assenbl y ®B@tor d’:)i"r%vﬁ%ﬁc'f‘ﬁ'é 12Qr (gge (kg chabkste Wa%ﬁﬁl"iﬂ%g?%cﬁ-‘bﬁmﬁ

CCD arr ayaddénd S theungthsort hpatrr 4@12,syaicﬁﬂ‘tﬁldmas with lenlet?don of

base 124 WSS C4ERr ER0Ro AT EOFBy Bl FRICE FBAY IR 0 LTered 8

132 whi chindreg d¢hehedmmsaraupfiadbet alxdus §2 a whieme ayTiggekedibyh@ form-in-

|11 uni natgds pey &k o eifsd1e 148" Tddb  Bigl e 211219y Oa' Hasadd SEREC and
array 110. The CCD sensor arrag

photosensor which ar arranged to reflect on the form or are

disposed across the transport path such that the light from the LED

is interrupted by the form at the inlet or throat opening 24.

‘Top guide assembly 80 keeps the form in positive contact with

the transport drum 52. The top guide assembly 80 includes idler

rollers 82 and an arcuate.cowling 84, which are resiliently mounted

to bear against the form in the direction of transport drum 52, for

holding the form against the drum 52, causing the form to remain

fized on the surface of the drum as it steps. The drum 52 and top

guide assembly 80 move thg form into position under an illuminating

means 90 including LED assembly 92, which has a plurality of light

sources disposed across the transport path, for illuminating an

area of the form at the rear of the drum 52, elongated in a_

direction perpendicular. to the +transport path 40. The LED.

illumination source 92 can illuminate the form in a color which is

complementary to any printing on the form which is to be ignored,

for example red light to ignore green printing, etc. Preferably

the reader is arranged to detect handwritten marks in pencil or

pen, as well as black, blue or purple printing on the. form. The

light from the LEDs is’_generally directed aownward;y and is

inclined to illuminate the form on a rear facing read area 96,

immediately below the illumination assembly 90.
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is preferably a single [ine array of 1,024 x 1 sensor elenents, for exanple
part  no TCD132D, and is coupled by a erX|bIe cable 114 to a printed
‘circuit oeard 140 nmounted in the chassis 20 and carrying circuitry for
servicing the CCD sensor element. As the CCD el ements in the array 110 are
exposed to light, a charge accunul.ates in each at a rate which is a
function of the degree of illumnation of the CCD elenent, i.e., depending
on the reflectance of |ight from'source 92 fromthat portlon of the form
whose image is focused on the particul ar ¢CD el enent. .The voltages of the
sensor elefrents in the array are read out serially and conpared to a
threshol d i n oToward othie gréaxw eoff Hehe ratgEssis R0, @n iategketedicdasuidy CCD
spati al apalysi g10ThE hOGLALES @HVé‘anSﬂin‘ 319t eaw ReORBCALI G of 1RO 240,

for exanpl e one_step per sanple or line of pixe The not can_dwel |
bet ween sERPEied AP MtharFeerBlucddPul at e THE tf‘l% %CB?@H‘S’& ?éﬁehﬁ 3fhe
sensor aran.ygﬂ:ﬁ&xamhéeerlsﬂﬁitnaa desp1d seoh deéaforompaatiiagr askend dartdlr e

wi dt h of f e nglu e ring
marks to %e ﬂe?@?te %Jlghgg?gg%g vancedsg,wpas'%I ?Engr g’add%sa?é]oﬁ69g°g§% d
| eadi ng cltReat imageocd Fhesddlumdmated @awtinn Rf atBenfPym1dn the gead
P opeira 9 ML Sh coneblln dizkpe e mmapeney el st
ondl ng rS (A 9L GpLBeed e FEFRYI Ty Tab: L FHBSOR IR 6 A,
pr ocessedexamphe part\wio SEODUERD, Eme d.lsassusléd bpdai flexihbatcallan 1t to

stand- al ORcpiirbeq Wi 88 £E UM V1 85 SnbEcth At SR 90 2l bty 1n

t erm nal ass|I S IS covere to mnimze accunul at’i o
of dust. FHTERELEYFOTt FRIVEGIRG ‘f%eefﬁ%dﬁs%sas ele®eR¥- al one unit,

approglri ate pomertls@p@d:meéléxﬁ@wqm rﬂ@b arfﬁyegﬂmlﬁm éafpeﬁeer,to l:lﬂgﬂrt a

sui tabl e connectors at a,conmmu tions_an ry SURPLY, r QV,

at an eas‘lﬂf‘? %%nggmréag?galgf eFﬁ asasﬁéa‘é%c ﬁ%ﬁgt i%hg apn%r'(ifJ l%S (?ag&%

si npl y nodegeee of otlbumination ef the CCOHVelenant hdar. er.ocderending am thead

on reflectance of light from source 92 from that portion of the form
whose image is focused on-the particular CCD elepent. The voltages

of the sensor elements in the array are read out serially and
compared to a thresheld in order to digitize the image into light
and dark areas for spatial analysis.

The form is advanced by a stepping operation of motor 70, for
example one step per sample or line of pixels.: The motor 70 can
dwell between steps to allow charge to accumulate in the CCD sensor
elements. The sensor array 110 and lens 122 can be placed so as
to read across the entire width of the form, or only so much of the
width as includes an area bearing marks to be detected. As the
form advances past the read station 96, the leading edge of the
form passes under a lower guide assembly 152 which guides the form
outwardly, back through the throat opening 24 or through a lower
opening in a bezel defining an upper inlet and -lower outlet. The
reéding procedure is completed in a relatively short time, each
form being processed in one or two seconds.

The chassis 20 and it contents can be a stand alone unit, but
preferably are included -as a module of a larger terminal. The
chassis is covered by shroud 156 to minimize accumulation of dust.
In the event the device is embodied as a _stand-alone unit,

appropriate power supplies are required. PrgfenaQLZL_EEEEZEEL____;
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the card, with power supplied fromthe termnal to the reader apparatus.
Fig.-3 |IIustrates the circuitry associated with the detection of |ight by
the? CII)array and converting the pixel data into bits for storage and
processi ng, The CCD array is preferably coupled to a regulated supply
voltage defining a reference voltage level [err] for exanple fromseries
regul ator | 210, rendering the '~ sensor array insensitive to supply
variations at voltage [err] A filter capacitor Cl further decouples the
power supply. The CCD array includes |g§uts coupled to control devices
operabl e activate the CCD array in-synchrohismwth the operation of the

steppi ng "D PearPe o ec?%EerBfwﬁiéﬁlﬁ véggéfﬁ ﬁéeéﬁﬁdﬁBQeBrgﬁ % %&e

collection o flxel I ven e ste

after a stREPV q‘%d(ifbaé? teéi‘?ii-l’oa&é‘@&ﬁﬁp&?@réﬁa‘?ﬁeth% q’l%sss’@w“-*bl":éﬁén@e

whi ch pr efappdatgtusieéanebea dimpds’. murtbed ik ber o weebfﬁmnedh}icﬁetmitme
| at K entia to, ut counpl.e o}

sccum ot o, SERG0TE IS LLAGKAE L Lo al UEUIPLRL! B UL SRS (on

RL. The i righg stexmingl G3p the Header g@&ﬂ’%ﬂ#gﬁ-l ndi cated as "READ' and

S]Ijl FE" OIanol selpgg ; mlmmushga@élgafn@?;#mb rwoaggawégg?g@ia@%wg%u%cggéﬁz

of the devi e anal og .signal on ase

two stages® %?ﬁ%b ¥es F&befﬁrﬁy oﬁ’é&a‘??‘bﬁ?ﬁ er aig*ﬂh%%t

and al so tiﬂtrﬁ¢¢rng¢tam@ Precessingp aﬂpeUECDTherayris ptefbeabmg sbmgeed

i ncl ud 1 C

(ol | over At aaEEa r e Sé‘ﬁ%" “i%:%s?%?’*ﬁ%? 2 FEREESRCe yB1d0e Jevel

capaci t or %u qqm?%ﬁﬂ?ﬁé)fﬁ VsSe%t a?%%%kaﬁ%¥e%%%r repderingy the, sepsor

second of dieaytigesnsitiveutpusupplppvariatiions atupicdtage & peakadeiaeeer

provi ded Qé§%¥¥fﬂgqéf BL28RE- 1h8EEEpEs Rhe PwedP Aty & il Bep array

resistors
includes inputs coupled to control devices operable activate the

CCD array in synchronism-with the operation of the stepping motor
7()', i.e., during dwells. The CCD is cleared to prepare for
collection of pixel data for a given line. When the stepping motor
dwells after a step, the CCD array 110 accumulates charge in its
sensor elements, which preferably desine a linear array. After a
predetermined time, the accumulated charges_ are clocked out
sequentially to an output coupled to the base of transistor Q1,
which forms an emitter follower with resistor R1. The inputs to
the CCD array are generally indicated as "READ" and "SHIFT", and
select among the clearing; charge accumulating and output modes of
the device. -

The analog signal on the base of transistof Ql is coupled to
two stages defined respectively by operational amplifiers Ul-US and
U3-UG and also to the inverting input of op amp U7. The first of
the two stages includes a sample and hold circuit US coupled in a
follower arrangement to op amp Ul. Oppositely biased diodes D1,
D2 ‘and capacitor C2 at the output of U5 form a peak detector.
Siﬁilarly, in the second of the stages, the output of op amp U3 is
coupled to a peak detector. provided by oppositely biased diodes D3,
D4 and capacitor C3, witﬁ resistors R2Z and R3 in series with the
diodes. The output of the second stage is coupled to a follower
amplifier in U4 and the output of the first stege is coupled to a

- follower amplifier in U2. The outputs of U2 and U4 define light
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and R3 in series with the diodes. The output of the second stage is coupled
to a follower anplifier in U4 and the output of the first stage is
.coupled »to "a follower anpllfler in U2. The outputs of U2 and U4 define
dark and light peak levels, and are coupled to a further follower anplifier
U6 t-hrough series resistors R4 and R5, so as to average the high and

| ow peaks: The dark level is in reality the ideal level fromthe CCD
device and not that which may be inmaged and processed through the CCD.
The output , of follower U6 provi des a reference input to conparator
U7, which distinguishes whether a gi venlin er voltage is interpreted to be
dark or li'ght.. The output of _conpar ator gogpled to the base Icéldrlver
transi st fF%pdarke RAK edeye IS V\?H“?:hal"? CGBBP 8%t & e p% ower
vol tage [aaﬁgl]iﬁt&mugm treshediorsdrelies resd stefris@el aind Rﬁagsmatsatoutamage

[ ur ty g 0 f ofh weg S

correspon ngﬂ%%g E%’gs]b n?gg% thﬂ# 3g¥§&é a?ge§°§§%% Orﬁﬂ%dgrovﬁdes @
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of the 3«fan LAREY vdl&ag&ymﬁhmﬂeipﬂeté@ £ eRPdagkobrdl ight2 Wike sutpuitng

t 70, h t 4
of the reRdemertAtSE 7 K0 RoBol S8 o) chS, BabR B, B VB, I-onsdReR B2t
pai red | |1§}1& m&wqmmﬁh'@bb@bn‘s@rc@mheéstgE@@SPawerpﬁéPQi‘-Yaﬁgﬂ@ﬁgﬁ EB:
The Sourcanféf]gﬁmdréﬂs%ﬁrn@fﬂ a8 la%ﬁ%%t Qhed i IO Sdh a Sbdepue! tih%.f,oram

transpor 40 at the inlet to the reader, or can. be arranged
on the s %‘F%’e Bplse tzadip: Idé‘ﬁi“gf f‘m&'qa&irﬁg 1D Beei SCRoRersaT hrcﬁ?d"ﬁce
resi stor ﬂ?on&l‘mj Ot absheés oo f (Bizebdushichheareechiarged bivelrt orswnderhdthe

the vollagg | AU HaeH S 1725 Tl

The si g f%ou ed r&fﬁ?é/lgg{ C"qu poségl vogsuopl yegg’l capacl tor 4,

and coupl ed- tcPEﬁBi'éa‘Fi)@‘Btoﬁf tBenFEPatsenSgF. 1s TREnchypRized” to Stepping of
drum 52 via stepping motor 70, which commences when a form is

detecting in the inlet opening 24 of the reader. Fig. 4 shows an
exemplary form-in-place sensor 160, having a paired light source
and photosensor such as LED D5 and phototransistor Q3. The source
Dé-and detector Q3 can be located on opposite sides of the form
transport path 40 at the inlet 2; to the reader, or can be arranged
on the same side so as to reflect off a form. . LED D5 is powered
through resistor R7. Phototransistor Q3 conducts when recelving
light, such that the voltage at the junction of the collector of
Q3 and resistor R8 falls: The eignal is decoupled relative to the
positive 'supply by capacitor C4, and coupled to one input of
comparator US8. The other input of comparator U8 defines a
reference voltage via the voltage divider of resistors R9 and R10.
Resistor R11 pulls up the output of the comparator, which is high
true. : .
. The stepping motor 70 is a multiple pole motor driven by high
current drivers U9 and Ull in a known manner based upon inputs at
their respective inputs A, B. Sense outputs of drivers U9, Ull are
coupled to comparators U10 and Ul2, and compared to references
voltages generated by voltage dividers R13- R14 -and R16-R17.
Operation of the CCD sensor and the stepping motor are
sgnohronized using a number of timing and control elements as shown
in Fig. 6 in block diagram_form: A first programmable logic array

240, for example Xilex model XC2018-68PLCC, is arranged to collect
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I nput of conparator U8 defines a reference voltage via the voltage divider
of tesistors R9 and R10. Resistor R pulls up the output of the
.conpar ator ,- which is high true. The stepping notor 70 is a nultiple pole
motor driven by high current drivers U -and Ull in a known nanner based
upon inputs at their respective inputs A B. Sense outputs of drivers U9,
Ull are coupled to conparators Ul0 and Ul2, and conpared to references
vol t ages generated by vol tage dividers R13-R14 and R16-R17. QOperation of

t he CCD sensor and the stepping netor arfzsynchronlzed usi ng a nunber of
timng and-control elenents as shown in“Fig. 6 in block diagram
form I 1St pr 4 o} X X
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synchr oni3hFEFeHng e &0, ﬁ 5ﬂf B% eogqrsqng&b%&ogﬁgo
handl es mlﬁr@gdchﬂSpmmslgtmﬁhgcsﬂgﬂls‘ Uit |smm=hmmssmg/ operapion and

arbitratign.. LB M2 G dbedlee gk ey S6ATAFLEHai S Whd Gadeley |
X-Y array-of° p| s on al [east one m an can_have storage sufficient
for nore dm:lm dngd pomtRol funati onge neRAFEARAMEOF 20TE apn gy e

bus 250 tgg érﬁmomqs:af@ram Chas SspEggenened storags yier taefplielX-¥
nonvo l?.eaﬁrr%? P Lo i 280, - TaRSBmono£arly o i “per hvE Tab R
RAM 290, sﬁitmrwtbﬁonsmdréothaurQMrprmJgr am ar ea,
The data in the image RAM 262 is accessible over bus 250 to
microprocessor 270, which is programmed to analyze the pixel data.
The programming for microprocessor 270 is stored at least partly
" in nonvolatile storage at EPROM 280. Random access storage is also
provided in RAM 290, which can be used for further program area,
or for storage of data values, In the embodiment shown, the
microprocessor 270, its operational memory elements 280, 290 and
image memory 262 are ali coupled to the same bus 250, 1t is also
- pOssible to provide separate busses for the image capture and
control elements 240, 242 264, 262, and for the data analysis and
communicat:.on elements 270, 280, 290, with appropriate data paths
- for allowing the microprocessor access to the contents of image
memory 262. _
Microprocessor 270 can be arranged to analyze pixel informa- .
tion in order to detect marks at predetermined locations, prefera-
bl‘j as interpreted in conihection with reference marks on the forms.
Dark areas at predetermined locations corresponding to user choices
are found by searching for contrasting edges - at the locations,
spanning a plurality of pixels. Barcode :Ls discriminated by
analyzing for the size and spacing of dark bands disposed perpen-
dicular to a line which may be oriented in _any predetermined
direction and at any J.ocation on the form. OCR characters are
discriminated by shape patterns at predetermined areas. In each



or for storage of data val ues. In the enbodi nent shown, t he

m cr'oprocessor 270, its operational nenory elenents 280, 290 and i mage
menbry 262 are all coupled to the sane bus 250. It is also possible to
provi de separate busses for the inmage capture and control el enments 240,
242, 264, 262, and for the data analysis and conmunication el ements 270,
280, 290, wi.th appropriate data paths for allow ng the m croprocessor
access to the contents of inmge nmenory 262. M croprocessor 270 can be
arranged to anal yze pixel informa- tion g order to detect marks at
predetermned |ocations, prefera-:bly as I'nterpreted in. connection with

referencecﬁgékéhé”héﬁﬁiﬂdHWB% tQ@r%oéﬁeéfeainEEEBEEEEdnésﬂhléﬁéﬁdﬁéﬁic data
corresponding to user choices are found hy searching for 8ggt iitlngyeq§ss

at the | 0%t i%hs CheigRSi n‘@fa%‘iﬁ%ﬁ'tyaﬂf’ pPx@| £neo
dlscrlmrmﬁembﬁwoeessqgtngmhy ¢¢mpatzefamhenmﬁnrmprﬂcessdrbaﬁdr(hxﬁmmhﬂ
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nunericalg fépésﬁg abefyg adgéiﬁd e rheRaes EBBQQCJ& Pﬁf@ﬁé@ ke Ecattdhs with

characters or t | i ke, c¢an be comruni cated over: bidirectiona .
paralIeI/§E??%Fr€%n%%FF%FY3@9m?%F%Fffﬁ?rﬂﬁ°%&ﬁﬁﬁ%ﬁLﬁ??ﬁﬁﬁ?éﬁ?ﬁf#?ﬁt(ﬁ%FkEt
agent tervabpdationd| cletche Tiadeutpus atidspagrtt cardhbe agaridariderformt
conducts n I f

or ocesst i RaP L Lo SRR PRa beplEel) Al Prf M ddle | NI SOTIMEHS fhvels by
can be stéfn@aﬂ-ﬂtﬁé‘ﬁﬁﬁ R9435 whishy ae @mmnbe'avgenalthq (;'@ia@ez] eﬂf@sthe

and RS48Bermexghs by I/Ointerface 304, which is dispobsed between the

reader and theA further supervisory elemént 310 is provided for accomplish-

ing watchdog functions. Supervisory element 310 can include a
power-up reset circuit, power fail detector and'watchdog timer for
resetting the apparatus in the event of a failure. Supervisory

" element 110 preferably also controls battery backup means coupled
to the volatile memory eléments, for maintaining. their contents for
a time after a power failure.

The invention is discussed with reference to the reading of
lottery tickets and the like, but is also applicable to marked
forms generally, including forms wherein selections are handwrit-
ten, or where a serial number or other indicia is printed on the
fdfm by machine. . .

: According to the preferred embodiment the discrimination
bétween light and dark pixels is accomplished using an analog.
voltage comparator, whereby the pixel levels are digitized to a
"single bit. This ar;éngement is inexpensi&e and effective,
particular because the threshold level applied to the comparator
is a function of the average of the light and dark peaks. It is
also possible to encode the pixel data using additional bits, thus
defining gray levels. . Depending on considerations such as
processing speed and expense - for additional memory storage

capacity, the pixels can_be encoded to only one bit or, using an
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termnal. A further supervisory elenment 310 is provided for acconplishing
wat chdog. f unctions. Supervisory el enent 310 can include,a power-up reset
ciréuit,tpomer fail detector and-watchdog timer for resetting the apparatus
in the event of a failure. Supervisory elenment 110 preferably al so
controls battery backup means coupled to the volatile nenory el ements, for
maintaining their contents for a time after a power failure. The |nvention
is discussed with reference to the reading of lottery tickets and the |ike,
but is also applicable to marked forns generally, including forns wherein
sel ections are handwitten, or where a séfial nunber or-other indiciais
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apparent to persons skilled in the art. Reference should be made
to ‘the appended claims rather than the foregoing .discussion of
exemplary embodiments, in order to asses the scope of exclusive
rz.ghts in the invention ‘claimed.

-

i This Sheet Has Been R,

- i



of thresholds defining gray |levels, and can be enbodied in a manner simlar
to the one bit enbodi nent shown wherein the threshold is varied to
accormodate variations in illunmination, average reflect- ance and the like.
The invention having been disclosed, a nunber of additional variations
within the scope of the invention 'will now becone ns
- skilled in the art. Reference should be made to th@ﬂpmmmmﬁmm rat her
than the foregoi ng di scussion of exenplary enbodinertss 1n order t#0 asses
the scope of exclusive rights in the invention clained.- - Wat is clained
is: 1. Areader for a form havi ng-[eflectl nce variations repre- senting
data, CONRLa% NG afﬂ{ég transport I ncl udi ng neans for engaging the form
and a notor operable to adHince the form al on transport th;
i || umi nati-on means' GRAGER efan arfarm i*@rﬂl%a‘%ée?wc%rﬁ’g?aﬁi%? cEEPHR-
area; an senxynagf dehar,gecuiiflsedgdevi ce (CCD) |ight sensors arranged
relative to thg detectio ea t.o det i i idigans, t
array being el (;%ngat ed %”né}ésag(ﬂ‘%'eéﬂcgﬁdg %I g‘ae%tms ;ﬁzﬁyé%ﬁ)%%%% ar to t%zd
t ranspor t 2pBORFOTa MeF A e rtopdvabre tbecﬁﬁ%rg RPefeF 8RSERAFGR2REm each
sai d CCD |ight isaasand®idi meeast ogdanligitaleit Lighy egadnistythesdopheadf
refl ectange t ' efe positions; nmeans for triggering the CCD |ight
sensors r%pg'%tttelé\}g‘lcgi %urelarfg transport of.the form past the array of CCD
li ght sensors, ao253Apl ef shargetbupladcdevice HEGD hights srRasarseranged
posi ti onsr’e?lba:ri@:céy ¢ef i 8hay %gegﬁts;]?inn Aré®0 thnelwtamnl 1dighitd abt discrete
represent att of . _an_inmage_of the fo a r Qc : o]
| mage. momBRTAARST SB AEFEY AR SIS TS B AC Y Fepde baftLy
pr edet er nPREPepdica®y B0 thee trenspeTaCEdEBIiNng to claim 1, wherein the
predet erm ned RAtdiQ¥iRG 21| dfis-abake BN OIS AR WYY | ¢hEFGIBEHSm OBadhe

form and el @l 4%l Ul PLCEESPLals QRETADLELLD KPLET FOGFLOSLIAG
s_agnple of reflectance at the discrete positions:

. means for triggering the CCD light sensors repetitively during
tfansport of the form past the array of CCD:light sensors, to
sample said reflectance of the form at said discrete positions,
thereby defining pixels :.n a two dimensional digital representation
c:f: an image of the form;.and, ' '

a digital processor coupléd to image memory means, operable
to record and analyze the pixels for predetermined patterns.

2. The reader according to claim 1, wherein the predetermined
patterns include refarsnce marks and handwritten marks on the form,
and wherein the digital processor is operable to reference position
of the refarence marks to determine presance and absence of the
ﬁandwritten marks at par%icular positions on the form.

3. The rsader according to claim 1, wherein the predetermined
pétterns_include at least one of printed data, bar coded data and
OcR characters, and wherein the digital proceésor is operable to
discriminate the data by'analyzing contrasting lines and spaces on

'tﬂé form.

_ 4. The reader according to claim 3, wherein the digitizer
includes an analog comparsacor having inputs coupled to at least one
—
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of the reference marks to deternine presence and absence of the handwitten
mar ks at partrcul ar positi.ons on the form 3. The readef according to claim

1, wherebn the predeternined patterns include at IWdata
bar coded data and OCR characters, and wherein the digital pr oceslgﬁm
spaces

operable te discrimnate the data by anal yzing contrﬂm“mum

on the form 4. The reader according to claim3, whe

i ncl udes an anal og conparator having inputs coupled td at Ieast one’ — peak
detector and to an output of the CCD sensors, the peak detector defining a
reference | evel varying with at I.east ont”of a maxi num and m ni num si gnal

| evel e SO h er_@ac di t

wher ei n %{Bh ]b ?gg%:t% rggnsél?)?t iF"nc ulégﬁg r aonf’ei %?‘Ea dﬁnm %SS%I&J& t éh?l peak
ot or , tt?@%%ﬁ'pcﬁ@f-‘eﬁim c%r??f%@em% -'F%V%i-rﬁa%yeﬂgcwi&h B&t Aeagt onehef
r eader aGE Qi 1fant Gared ah LA Druivhes a[ltl@vemtﬁom Itheé cCOtsdiddws, notor,
and further conprising neans r synchroni zi ng stepping of the nDtor
with triggering of the CCD sensors and the analog to digital converter. 7.
The reader -d&ocOhéi mgades actarding, to wiedal i.,t Weetebnsthe diormisranspart

l'i near ari@y el t&rmiors d&hﬁp%dpﬂaéet&oéhé‘qr{@é& “&ﬁé‘%ﬁ&féﬁéf@@ﬂﬂﬁ
i mge |ine on the for to a nexfﬁ#ﬁq@lqﬁr ne on the form . hé reader

accor di nFFFENY nrhe ?ﬁ’?h’e‘? g PaER 4 oat sensor operabl eto
detect presence of the format an inlet to the reader the throat sensor

bei ng coupl ed ¢ 0 $ipe i-esabgr %Eggﬁiné o @ltdﬁnt 4 0P Q" %QSr”RTsor

when the farmi's present ader accor ngtocarm
conpri si riiFeRPING PgEPTe AN oEWHLHRT AROMBFAsing MRaNSaieF, sYREhrOnhZiRdde

bei ng opere&;l el i c&lflﬂﬁethﬁtéﬁrmjﬁnﬁfiﬂéédriﬂgtbf thanegor eenablirs and the
reader Q%Il@é‘gté f&ﬁﬁ ézn. the form

-

7. The reader accoraing to claim 6, wherein the CCD sensors
.define a linear array and the motor is stepped“once for advancing
the form from one linear array of pixels to a next linear array of
pixels. ’

8. The reader according to claim 6, further comprising a

throat sensor operable to detect presence of the form at an inlet

' to -the reader, the throat sensor being coupled <to the form

transport for initiating operation of the motor when the form is
present. "

9. The reader according to claim 5, further comprising a form
guide disposed at an inlet to the reader, the_ form guide being
operable to align the form generally to the transport path.

10. The reader according to claim 9, wherein the form guide
includes at least one’ ‘laterally movable barrier, the barrier
bearing against an edge of_ the form for generally aligning the form
to the transport path.

11. The reader according to claim 10, wherein the form guide
include two movable barriers for bearing against opposite edges of

"l




gui de includes at | east one laterally novable barrier, the barrier bearing
agaipst an ‘edge of the formfor generally aligning the formto the

t ransport path. 17 11. The reader according to.claim 10, wherein the
form gui de i'nclude two noveabl e harriers for bearing agai nst opposite edges
of the form 12. The reader actording to cl qﬁi mmuw m .mm the

i I'lum nation nmeans includes an elongated |ight bar l& ﬂ"ﬁua"t t he
transport path, and further conprising a | ens di $poSed®between st he
transport path and the CCD sensors, the.lzns focusing light reflected from
the formonto the CCD sensors. 13. The r&4der according to claim 12,
wherein the |ight Qﬂg Adld 9653 Rl alt?t éél?fl.x_nli IRhe¥l it ich@ dhQdaS rlatidn
i near array. . e reader accorélﬁ o claiml, wherein the:%frn1|s
|lottery tTRARE (RFindery ar I%h@%g%ﬁ%gofl#ﬁhﬁmpﬁt AT FRPEEL d AHRAIRFT ot y
entry dateranspprt (rj;saedu JTearkE fudefielf ybRgraspngvaolehy dispaimxd dedtndesy the
entry. 15 T e ccording to ai m ersy I easlQisd S C

in data g%rn?'r%%%:g?i in t\?\}ltﬁngt -e%stc Eénes.%%é%r%@ot ttg‘lré1 gggﬁt terrﬁjha. g.'#@hg:d
| ottery ceeflectednpoemrthacform onkadere GEP SPSPGRtery form having
refl ectance-variations representing data; conprising: a formtransport

I ncl udi ng a-dr transport for _en I ng the.for an pRiL.Og
operable to adgghc%g?h eFé?ﬁ13F8 8Sgngr§ﬁ553??mgggh g&§§§%§ %P%c&gg%ﬁ§bar
around t htndtudesranpporality | ofiekight girnitbimg dipdeanin a dineami aexay ¢ he

formalong a linear area substantially perpendicular te the transport path
at a detection ea; an array of ‘charge co

r up) ed device (CCD), light sensors
and a | ens arrhfgemBft TePAETCASPF sé’r?s(f?]sa% ‘th‘gh?'{(ﬁ‘kn the Bora13"
lottery ticket including at least one of handwritten marks defining

lottery entry data and printed marks identifying a previously

validated lottery entry. .

15. The reader according to claim 14, wherein the reader is
coupled in data communication with at least one of a lottery agent
términal and a lottery central computer. :

16. A reader for a lbttery_form having reflectance variations
rebresenting data, comprising: '

) a form transport including a drum transport for engaging the
form, and a stepping motor operable to advance the form along a
trénsport path passing circularly around the d;um transport;

a linear light source operable to illumirmate the form aldng
a2 linear area substantially perpendicular to the transport path at
a @gtection area; . ' )

an array of charge:coupled device (CCD) kight sensors and a
lens arrangement, the ch.lightlsensors and the lens arrangement"
being positioned relative to the detection area to detect light
reflected from the form at discrete positions, the array being
elongated in a direction. perpendicular to the transport path;

at least comparator coupled to an output of the CCD light
sensors, operable to digitize a level of charge from each said CCD
light sensor, representiﬁg a level of reflectahce as compared to
a reference level at’a'pixel cofresponding to one of the discrete
positions;
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arrangenment being positioned relative to the detection are to detect I|ight
reflected fromthe format discrete positions, the array being
elohgated in a direction perpendicular to theltransport path; at 1east .
conpar at or coupled to an output of the ccD |ight s'e”mm o]
digitize a level of charge fromeach said CCD I|ightl mllfmﬂmmt. ng a
| evel of reflectance as conpared to a reference |evel at & pi*els  *
corresponding to one of the discrete positions; 18 neans for triggering

the CCD |ight sensors and the conparator repetitively during transport of
the formpast the array of CCD |ight sensdPs, to sanpl e said refl ectance of

the format discrete positi.ons defining.pixels..p Ldi t | |

di gital represehtary oﬁ"%ftrriﬁ@eﬁi% §,het ﬁgbn'g%ﬂrsltf%éw%%%gae% ngy g!g%a%ﬁ]
li ght sensoepetitivéky cnpingt trahspagts pic tihenifasuh \ast t blee seEPBYn@fimAcH
of the forﬂéﬁ@”&&ﬂéé%se?“éo Sarti 18 181 PrOCERSNarfc R 24N fdFatTRII¥drete

nmeans, the processor I ng operable to analyze the ixeli I n %he vvoidi -
Shonal di POBLEIERT cOBRLRLPGn Be S - RTEVHISR s SLPRERIARAY GHGAEAL
one of hantgprésentabidn, ofif ithecbivels, €hE meansctfors tntigperingdé&hen GG

form 17. Jh 'geasdeq{ﬁoﬁz%cgéﬂég "G -EbALEMRo LAY LRRChRERIZA Udgtn the

reference nar ks for relatr.ve position o e marks on the form
the digit aftpPBERGSBPLRE| @f BherfoFe tFRREPR¥EHC®Positi on of the reference
mar ks to det er nhnNeaRFLELNC procdsabrenssuplet hecdansiage! t aemoryksmasns, the
particul ar_positions. on the for 18, The,read a Lng .t | ' -
further co?r]b??g%ﬁar ab?ﬁ?éagp?gﬁg%? ',g‘Be?é‘%Fé’%? o%é &t égg Egrgeg'g n g-'éfdofaé vﬁ] (Ja&f%ernm
at an i nl esiopal Hiigitalk repnesentaddon §nsopredehgrebned RRERIRe npiyding
at least one of handwritten marks, printed marks, OCR characters

and bar code on the form.

17. The reader according to claim 16, wherein the form
in-cl'udes reference marks for fixing a relative position of the
ma;ks on the form, the digital processor being operable to
reference position of the reference marks to determine presence and
absence of the hahdwri@tén marks at particula? positions on the
form.

18. The reader according Eo claim 16, further comprising a
throat.sensor operable to detect presence of the form at an inlet
to the reader, the throat sensor being coupled to the form
transport for initiating operation of the motor when the form is
present.

19. The reader accéfding to claim 16, further comprising a:
form guide disposéd at an inlet to the reader, the form guide being
operable to align the form generally to the transport path, and
ihéluding at least one 'laterally movable barrier, the barrier
bearing against an edge of the form for generally aligning the form
to the transport path. ' | “

20. The reader according to claim 16, whe;ein the form is a
lottery ticket including at least one of handwritten marks defining
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transport for initiating operation of the notor when the formis present.
19. Theg reader according t'o claim16, further conpristng a form gui de

di sjosed*at “an inlet to the reader, the forntguidﬁ_QﬁLDQ_QEELEP%E_Lg_aIign
the formgenerally to the transport path, and including at Teas

| aterally novabl e barrier, the barrier bearing agaLunI e form
for generally aligning the formto the transport |p nﬂ"" H F E'
according to claim 16, wherein the formis a Iotter? t Fcket ¥ nol uding at

| east one of handwitten marks deflnlng 9 19 lottery entry data and
printed marks identifying a previously v&lldated lottery entry, and wherein

the rcadesogaRyl e §t50raszat £ eaant@tesoni&emﬁih&a%t PRévPbudly

lottery agent termn a lott centr
validated lottery'entry, and wherein the reader comprises means for

data communication with at least one of a lottery agent terminal
and a lottery central computer.
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