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(57) Abstract

The present invention discloses a method and
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stack of banknotes (20) including at least one surface
defined by edges of the banknotes and counting the
number of banknotes in the stack using at least one optical
sensor (50) and a light source (30) characterized in that
the mutual orientation of the banknotes is substantially
maintained relative to the at least one optical sensor,
the counting step including employing the at least one
optical sensor for generally simultaneously viewing at
least two separate columns along the at least one surface
and receiving an output from the at least one optical
sensor and providing an output indication of a number
of banknotes in the stack.
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a device for counting a stack of thin objects in which light is directed at
the stack and a |light sensor gener- ates a _signal proportional to the |ight

refTected Dy the stack. _ U'S. Patent 5,040,196 to Wodward
describes an instrunent for counting stacked el enments which i mages a

portion Ofn§ﬂ§M§§g§ of the stack and then autocorrel ates tggr whi | e
the instru tationary, and then cross-correlates th h@%@ﬁgg t he
instrument is noved. The result is a tinme varying signal whose repeating

cycles, when counted, indicate the nunber of elenents in WO
96/ 22553 1 PCT/ US96/ 00658
2 the stack. U S Patent 3,971,918 to Saito counts stacked

corrugat ed cardboards by scanning an end of the stack horizontally and

vertkcal l y, using é“ﬁ% boz S ' gﬂ%ﬂ%%#%n by electric
pul ses. The outputg98?6§% 8&%§%§3@§ ggg %@ﬁﬁéiﬁga ared to
successively detect flat and corrugated sheets. U. S. Patent
4,912,317 to Mhan et al deserEIirorapR8’ firvENTEON COUNti ng st acked sheets
whose apparent brightness is not uniform The Mbdhan et al system nornal -

| zes the phase polarity of the sensor signal differential output, thereby
avoi ding the effects Bhebrprgrendss ipyeakiont yrekakesalgeneraliiy sénsor

out put datamebétaaaa ehndl ﬁmz%;sse%er sotheskg efdipfddiee Iarmgefho%dth on
t he stacked o ect;ﬁrgy narrow rel a ive to t he 1 ndi vi dual %bhects The

data is dif P&F&EREH Jethogs | apg; Vepparatis Yor C'¢dun
stacked flat objects

BACKGROUND OF THE INVENTION

U.S. Reissue Patent 27,869 to Willits et al
describes apparatus for counting stacked sheets having no
sheet separation requirements. The active area of a
sensor array is matched to the width of a sheet and the
sensor array traverses the stack. The signal output of
the sensor array is stripped of unwanted components in a
high gain, diode clamped ‘capacitive input operation
amplifier whose square wave output is processed and
counted by a counting circuit. U.S. Patent 5,005,192 to
Duss describes a system for counting flat objects in a
stream of partially overlapping objects which are con-
veyed past a locus of impingement of ultrasonic waves.

U.S. Patent 4,694,474 to Dorman et al describes
a device for counting a stack of thin objects in which
light is directed at the stack and a light sensor gener-
ates a signal proportional to the light reflected by the
stack.

U.S. Patent 5,040,196 to Woodward describes an
instrument for counting stacked elements which images a
portion of the side of the stack .and then autocorrelates
the image, while the instrument is stationary, and then
cross~correlates the image as the instrument is moved.
The result is a time varying signal whose repeating
cycles, when counted, indicate the number of elements in



fied to normalize phase polarity. None of the above U S. Patents
teaches that the devices_described therein are suitable+4er—eounting
banknot es. U S. Patent 5,324,921 describes a conventional sheet
counti ng machi ne in which a photosensor is disposed across a bill passage
downstream of a ﬁﬁGEn1tted light is interrupted by each bi pérpshsnbéds
t hrough the Ilght pat and. therefore the nunber of bills can be
counted by counting the nunber of intervals during which light is not

received by the |ight receiver. A general text on inage
processing is Pratt, W K, Digital inage pra@cessing, Second Ed., WIey
1991, New YorKk. The di scl osures of all of the above publica-

tions and of trghg(ygyagnces cited therein are hereby incorporated by
ref erence. Bran I'n A 9020 USA, mar - ts a
Model 8640D Note Count er 8mm%aaft %19%3333}’ P "I‘b%%tc"é"’rﬁsm ﬁﬁﬁFﬁS

si ze and thicknes@onnuyamcdnncerdbnards by scaw@ipg/ae5&81 of the stack

PCT/ US96/ 00658 hor;zontallg and vertically, us3nglafiad fn0$@otaa;e and
t hi ckness. The 8640D a ro%gp t he banknotés. in or e % ternkne
t he nunber of barf3f5 éé«utc in tu by electr:.c pulses. puts o

the photodiodes are counted and compared to successively
detect flat and corrugated sheets.

U.S. Patent 4,912,317 to Mohan et al describes
apparatus for counting stacked sheets whose apparent
brightness is not uniform. The Mohan et al system normal-
izes the phase polarity of the sensor signal differential
output, thereby avoiding the effects of brightness polar-
ity reversals in the sensor output data. Mohan et al
employs sensors whose effective imaged width on the
stacked objects is very narrow relative to the individual
objects. The data is differentially summed, then recti-
fied to normalize phase polarity.

None of the above U.S. Patents teaches that the
devices described therein ‘are suitable for counting
banknotes.

U.S. Patent 5,324,921 describes a conventional
sheet counting machine in which 'a photosensor is disposed
across a bill passage downstream of a pulley. Emitted
light is interrupted by each bill passing +through the
light path and. therefore the number of bills can be
counted by counting the number of intervals during which
light is not received by the light receiver.

A general text on image processing is Pratt, W.
K, Digital image processing, Second Ed., Wiley 1991, New
York.

The disclosures of all of the above publica-
tions and of the references cited therein are hereby
incorporated by reference.

Brandt, Inc. of Bensalem, PA 19020, USA, mar-
kets a Model 8640D Note Counter accommodating notes of at
least a minimum note size and thickness and no more than
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4 - SUMVARY_OF THE | NVENTI ON ~.The present

i nvention seeks to provide an inproved nethod and apparatus for rapidly,
accurately and inexpensively counting stacked objects, preferably by

i magi ng, fr?ﬁ?*ﬁﬂ?ﬁ“ a stack of flat objects which is standing on its side,
preferably | ong si de. The objects need not be identi SYPOEH f ace
appearance or in configuration. The objects preferably may be of substan-
tially any size or thickness and need not be | ess than sone maxi num size or
wi thin some narrow range of thick- nesges. Preferably, the

obj ects are not |eafed through or otherw se noved while being imaged, in

contrast to_co Nt on devi ces faor c ting banknote docunents such
"as the count ngxgg%}?'ge% etsecrisg&? 2Ry, gl.r‘lg"?i‘%?c’%%ﬂ, g‘g'f of“t%ﬁg Bﬁ&ﬁ £ Note
Count er . through the sbankpnates din onden toodetewrminsstthecdumbgst hf er
stack of obpagkfotésich as a stapl ed-together stack of papers, a
rubber - banded stack of bills, or the pages of a bound volune, to be counted
wi t hout being disman- tled. A stack preferably includes a
plurality of objects which are generally pairw se adjacent, although not
necessarily touching, wherein the edges of pairw se adjacent objects in
the stack are at |east roughly aligned. One exanple of a stack is a
vertical stack which preferably includes a plurality of objects which are
stacked one on top of another. Another exanple of a stack is a horizontal
stack which preferably includes a



plurality of objects standing one next to the other. Stacked flat objects

relative to the ground and may or may not be parallel to one another.
Preferably, the stacked objects are inmaged by a matri x-CCD, and neither the
CCD nor the stack ects WD 96/ 22553

PCT/ US96/ 00658 W ss3blsf 5 is noved duringPSHRRIFRYgSS
An advantage of this enbodinent is that the counting apparatus may have no
noving parts and therefore may be sinple to manufacture, operate and

mai nt ai n. Alternatively, the stackgmay be manual |y or
automatically caused to slide over the field of view of the optical sensor

whi ch i mages the stack or a novi ' -ggt% Y. the matri x-CCD. The
F?vh?§§faci ??a]éﬁgg

notien may be provi ded specifica I ng or alterna-
tively, objects in notion may be counted, utilizing the existing path of
moti on of the objects. The pr@sentnaihyentidmSaeck® t toNgpdevide ih

I di od ' | .gh I
sui table for sensirt 76 Vord 2P el eBABKHEY A0 MnstaE T aBBuRE Bray D

aser rays nay b
al ong the side of 1PR¥PERSEYCH; RAOUBLtARE; vEt3cked ohjerts . napreesably by

manual |y or automimagahgy rida ibedowy Bhestidk | BRI JtaoDH eBRINMYBLCIRS izﬁ

e e SEAHL o 58K 8Pk p0he 8AN PUI° 3 S350 CPLECT LT

beamis then proc8838ats mMeRldOL dediderticahelmuannfacet apbpacance or in
configuration. The objects preferably may be of substan-
tially any size or thickness and need not be less than
some maximum size or within some narrow range of thick-
nesses.

Preferably, the objects are not leafed through
or otherwise moved while being imaged, in contrast to
conventional devices for counting banknotes and documents
such as the counting device described in U.S.P. 5,324,921
or the Brandt Note Counter.

This feature allows a loose or fastened togeth-
er stack of objects, such as a stapled-together stack
of papers, a rubber-banded stack of bills, or the pages
of a bound volume, to be counted without being disman-
tled.

A stack preferably includes a plurality of
objects which are generally pairwise adjacent, although
not necessarily touching, wherein the edges of pairwise
adjacent objects in -‘the stack are at least roughly
aligned. One example of a stack is a vertical stack
which preferably includes a plurality of objects which
are stacked one on top of another. Another example of a
stack 1is a horizontal stack which preferably includes a
Plurality of objects standing one next to the other.
Stacked flat objects may be disposed perpendicular to the
ground or at any other orientation relative to the ground
and may or may not be parallel to one another.

Preferably, the stacked objects are imaged by a
matrix-CCD, and neither the CCD nor the stack of objects



I n the stack. In the present specification and clains, the
surface area of a flat object is regarded as_including tw "surfaces" and

at Teast one redge’, where each edge is a nearly one-di nensional face of
the object. If the object is rectangular, it.has tw surfaces and four

edges. For a piece of paper has front and back su f our

edges. "edge" of an object within a stack is ereinto
refer to a face of the stacked object which is parallel to the axis of the
st ack. More generally, the term"edge"” is enployed herein to
refer to a portion of an object which igs imaged in order to count the
nunber of objects. The term "side of a stack", pertaining to a
WD 96/ 22553 S96/

. . - G
6 stack of ﬁ a'?ovoet% g‘é’tréPgré %?%n?b BhSUPNRES gugék’é%ese BOTRE™E st ack
whi ch are foifredhsft tthe cayating aprarafiusciay bBrecPs BRWLHDbt RaFtshe

renmai ni ng t vénd acdierefforkemagt B6 ks ikl tA emanQERREULE, Aopsifd e amld t he
first objectm%{hgly% stack and a surface of the last object in the

stack, respeciively.” It is believed that the present invention is
appl i cabl e to countindlépraphivebund he catask sByebes. mampaldiys ©&se, the

"side of theawtadtidadler schasédf essXidd vert a0k vheLd o6 Jiwedsof the

edges of the.st agked JaGUadnBBEGhoen 1mages tne CERREKNGx" % 2 i AG T E
line-CCD may replace the matrix-CCD. The motion may be
provided specifically to facilitate counting or alterna-
tively, objects in motion may be counted, utilizing the
existing path of motion of the objects.

Optionally, a laser emitting device such as a
laser diode or a He-Ne laser may provide light and an
optical sensor suitable for sensing laser rays may be
employed. The laser beam may travel along the side of the
stack or alternatively, the stack may be slid manually
or automatically relative to the stationary laser beam so
as to enable the laser beam to scan a portion of each
edge of each object and/or of each gap between each two
adjacent objects. The reflected or transmitted beam is
then processed in order to discern the number of objects
in the stack.

In the present specification and claims, the
surface area of a flat object is regarded as including
two “"surfaces"” and at least one "edge", where each edge
is a nearly one-dimensional face of the object. If the
object is rectangular, it has two surfaces and four
edges. For example, a piece of paper has front and back
surfaces and four edges.

The "edge” of an object within a stack is used
herein to refer to a face of the stacked object which is
parallel to the axis of the stack.

More generally, the term "edge"” is employed
herein to refer to a portion of an object which is imaged
in order to count the number of objects. '

The term "side of a stack", pertaining to a



present invention, counting is effected by imaging a side of the stack. In
the resulting i mges, particularly if the objects are sheets of paper, the
sheet edges are seen to be non-uniform due to naterial wear, bent sheets,
torn sheets, folded sheets and the tendency of paper to adopt a wave-Iike
configuration. There is thus provided in accordance w

preferred enbodi e85 he present invention a nethod for countt 96/00658
banknotes including providing a stack of banknotes and estimating the
nunber of banknotes in the stack wherein the estimtion process is
characterized in that the nutual orientationgof the banknotes is substan-
tially maintained. Al so provided is apparatus for counting
stacked objects i [ e L cal, sensor r_si.nul - eously
vioving aplural i BPEE PAtat iBieeRdy SBEREE' o U s, Tel r Bl s0LS UL
| ocati ons bei ng aﬁ%ﬁngeﬂt%¢bnﬁﬂ$ﬁea§§gégrm¢dt%% the eadaesweifcitheor ftagiedi de

of the stack and bbBjgetHr eIt FoARRE BEMEIALES | Sid F aesOBEP Bhef I OsRAAIE

Th the stack. - nibR"MER e SEPY shPERET o, B Fibar dBIEREChn o

of the present ig&¥anpki oandt e sywnfiacgl ofehborlast|erierta ipl uthei t ystack,

sensing el enents regpeetively. viewing the plurality of WO 96/ 22553
PCT/ US96/ 00658 . 7., locations along.the sjde
of the stack. stiTh (AR PRAEerRL 508 she PRt ItRleldf oL

enbodi ment of theappéseable nventdoyntingecbpfiatl rewb®r curved objects.
In this case, the "side of the stack" refers to a face
of the stack which is formed of the edges of the stacked
round cbhjects.

According to a preferred embodiment of the
present invention, counting is effected by imaging a side
of the stack. In the resulting images, particularly if
the objects are sheets of paper, the sheet edges are seen
to be non-uniform, due to material wear, bent sheets,
torn sheets, folded sheets and the tendency of paper ¢to
adopt a wave-like configuration.

There is thus provided in accordance with a
preferred embodiment of the present invention a method
for counting banknotes including providing a stack of
banknotes and estimating the number of banknotes in the
stack wherein the estimation process is characterized in
that the mutual orientation of the banknotes is substan-
tially maintained. . '

Also provided is apparatus for counting stacked
objects including at least one optical sensor for simul-
taneously viewing a plurality of locations along a side
of a° stack of objects, the locations being arranged
along the edges of the objects which form the side of the
stack and image processing apparatus receiving an output
from the optical sensor and providing an output indica-
tion of a number of objects in the stack. Further
in accordance with a preferred embodiment of the present
invention, the optical sensor includes a plurality of
sensing elements respectively viewing the plurality of



has a two-di nensional field of view Further in accordance with
one_preferred enpod- inent of the present invention apparatus is proyvjided

for varying the position of the stack relative to the opti- cal sensor.
Still further in accordance with one preferred enbodi nent of the present

invention,,&ggaﬁgggaratus for varying includes apparatus #é@?%%M&ﬁg t he
enbo

st ack. ditionally in accordance with one pre di ment
of the present invention, the apparatus for varying includes apparatus
for noving the optical sensor relative to the stack. Further in
accordance with one preferred enbod- igent of the present invention, the
optical sensor is operative to repeatedly view at | east one |ocation al ong
t he stack of

Lects. | so .provi de i n accordance with one
preferred e&gggﬁiéﬂf a%ﬁngt5ﬂ§ ﬁ?@feﬁf Fﬁ%enff&ﬁf’i s a nmethod for
counting stacked obj eStsl} ndurtheg dncarpgrdanceasitin gor prefiesred si de of
a stack of ehbeaifiedt |&BSthePRVsehit’ Shvbhtidn Nagnobrrakdilt | gafisepd under

second il lumina- tion,conditions,.a | g _processing apparatus receiv-
ing an outp&?sfPth?ﬁngﬁﬂﬁ%ﬂﬂa s§ﬁ§ga Pﬁgghﬁyhg a first imuge of at least a

portion of the stack Ewriehext Ha faiccetrdahtenvith i ane qurefieriredsembdda second
I mage of at jh@ast of PREUHALerdd inbREtishaCkppdaOtus tie preesasd for
illum nation conditions,” and operative to cO e the t i rages. and to
provi de an HEFB&Pgihg?c%R§{%FQﬁ of ﬁbﬁbe?tﬁ?kgﬁgiﬂﬁﬁyqr?%ﬂ%@estEEEF'
Addi tional | yagr eended, in accordance with a preferred enbodi rent of the
present invention, isSgepPAr@rrnes: 9" a6LHREARGe ShAGKWheODIpeEsriag! uding at
| east one S%ﬁ&%ﬁ&mggg aéfltégnpégE%ﬁit?gbegLigEJettg’ éﬁpJ:%%%% oggr

varying includes apparatus for moving the stack.

Additionally in accordance with one preferred
embodiment of the present invention, the apparatus for
varying includes apparatus for moving the optical sensor
relative to the stack.

Further in accordance with one preferred embod-
iment of the present invention, the optical sensor is
operative to repeatedly view at least one location along
the stack of objects. '

Also provided, in accordance with one preferred
embodiment of the present invention, is a method for
counting stacked objects includipg viewing at least a
portion of a side of a stack of objects at least under
first illumination conditions and under second illumina-
tion conditiohs, and image processing apparatus receiv-
ing an output from the optical sensor including a £first
image of at least a portion of the stack under the first
illumination conditions and a second image of at least a
portion of the stack under the second illumination
conditions, and operative to compare the two images and
to provide an output indication of a number of objects in
the stack.

Additionally provided, in accordance with a
preferred embodiment of the present invention, is appara-
tus for counting stacked objects including at least one
support for at least one stack of objects, at least one
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8: optical sensor disposed behind_the at |east one support_for_view ng at
| east a portion of a si de of a stack of obj ects through the support, and

i mage processing appara- tus receiving an output fromthe optical sensor
and providing anc}p 4 ndication of a nunber of objects in thecshasdosss
Further in accordance mnth a preferred enbodi - nent of the present

i nvention, the support is transpar- ent. Still further in
accordance with a preferred enbodi nent of the present invention, the
support has at |east one w ndow formed theresn. Additionally in

accordance with a preferred enbodi nrent of the present invention, there is

provided a met hodoi;eic&purgémrbaeﬁaegs& b&?iﬂ&j't{}& 'a@agbagtaonestarﬂbo%

banknotes fromthe side, rocessi ng the resu t|n | rage 1.n order
to conpute the nuﬁﬁErV{ﬁw%ﬂﬂ1thﬁgﬁég RnPPRE éﬂk.a side of ap Ftafk of
accordance with aopgeé€srthtan@ho¢he seppordf anddmageserocessing i appanaye

apparatus also ifs Ci iy OBhCChySERAr ALGK (P ApeiBal0 SERAIA! Gna

objects in the stack_ from ore another to tate countlng ereof
Further in accor dRRE¥LGHRS ap Sudput, dgdinpbinn QEHﬁ nymbe Risgts 1in

I nvention, the nethed sta&ck.i ncl udes separating the banknotes I n the stack

from one another to faC|Ilzfgf%ﬁggughlggcg?ggégg with a prefeé@g&t'éH§§d£L in

accordance with a preferre present "1 nvent | on
| east one opticafe8&nsef FhRIRFESE S BPUPAFIER- cﬁhﬁnﬁHHEEFtséﬁsoFEanﬁﬁﬂﬂ1 of

which is operativento view a plurality of loca- tions along a side of a

di fferent stack. Mﬁherfur@hg@%dm&m&; iRhef grrg Pefé[ﬁigﬂi

ment of the present invention one tical sensor i1 ncludes a
plurality of opt|85P°§éH§%Fs‘ghéweoPreﬁﬁPEhl?%eQﬁkﬂﬁn|§ﬂ§ £FYPPPER 23S | st a

portion of a sideleast one window formed therein.

Additionally in accordance with a preferred
embodiment of the present invention, there is provided a
method for counting banknotes including imaging a stack
of banknotes from the side, and image-~processing the
resulting image in order to compute the number of bank-
notes in the stack.

Further in accordance with a preferred embodi-
ment of the present invention, the apparatus also in-
cludes an object separator operative to separate objects
in the stack from one another to facilitate counting
thereof.

Further in accordance with a preferred embodi-
ment of the present invention, the method also includes
separating the banknotes in the stack from one another
to facilitate counting thereof.

Additionally in accordance with a preferred
embodiment of the present invention, the at least omne
optical sensor includes a plurality of optical sensors
each of which is operative to view a plurality of loca-
tions along a side of a different stack.

Further in accordance with a preferred embodi-
ment of the present invention, the at least one optical
sensor includes a plurality of optical sensors each of
which is operative to view at least a portion of a side
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9: of a different stack of objects. Still further in accordanrce—
wittraprererread enood nent of the present invention, a plurality of Iight
sources illum nates the stacked objects. Further in accordance

W th a prerydspgssgnbodi - nment of the present invention, tperivssciidosss
illumnation conditions include anmbient illum nation. WD 96/ 22553
PCT/ US96/ 00658 10 BRI EF DESCRI PTI ON OF
THE DRAW NGS AND APPENDI CES The present invention will be

under stood and appreciated fromthe f@llow ng detailed description,

of a different stack of objects.

S5till further in accordance with a preferred
embodiment of the present invention, a plurality of light
sources illuminates the stacked objects.

Further in accordance with a preferred embodi-
ment of the present invention, the first illumination
conditions include ambient illumination.



taken in conjunction wth the drawi ngs in which: Fig. 1is a
sinplified block diagramof sheet caqunting apparatus constructed and

operative in accord- ance with a preferred enbodi nent of the present inven-

tion; Fig. 2 is an exanple of a negative inmge of stacked sheet
portions; wookhfks3 3 IS a logic diagramof the operation ,h e
processi ng and counting conputer of Fig. 1, Fig. 4isa 0 t

illustration of a nethod for inplenenting the i mage processing step of Fig.
3 based on selection of an appropriate sequence of image processing

oper ati ons; Fig. 5is a flowhart illustration of a pre- ferred
met hod for inplenenting the sheet counting s&8p of Fig. 3; and

Fig. 6 is a sinplified block diagramof a nodification of the sheet
counting apparatus of BRIGF DESORIFRTION OF0[TMEaDRAWINGS CANMMAEPENDICEEI ty of
stacks of objects. Attached herewth are the follow ng

appen- dices which aid in the understandin nd a eci ation of .on
preferred enbodi nent of the“ﬁve?ﬁ?"tﬁf‘%ﬁxﬂ%“gﬁﬁndggtjri%d §isﬁ9°8 and

Appendi x A is a cappreeiakedti ficornf Ehepr dpldowiegt | déalldd/MAEYrPpSiona

program which i nph@EERhLS cofljuR@EHdPLA tiC ¥R BREw BRGS0, QRAIR:I ve 1 n
accordance with a preferred enbod) nent of t;e greaﬁqéﬁinventlo?; agd
Appendi x B is a descriptiofi®f the® S MBBERIRSVPIATE iashageofi nSheRk
conput er program MODEXiASM appiEatusSMoarss txuckleldi end doperatisef timar ecpardage

i Labl e from Matydri {,gkar g, A2 g T% 25004 USPen-
3;?56?22253r0n1 i:j%:'bggﬁrg pr&¥ & B §ﬁenéé¥§ﬁ%g%/ 6%58 4 Ysben

Fig. 2 is an example of a negative image of
stacked sheet portions;

Fig. 3 is a logic diagram of the operation of
the image processing and counting computer of Fig. 1;

Fig. 4 is a flowchart illustration of a method
for implementing the image processing step of Fig. '3
based on selection of an appropriate seguence of image
pProcessing operations; .

Fig. 5 is a flowchart illustration of a pre-
ferred method for implementing the sheet counting step of
Fig. 3; and

Fig. 6 1is a simplified block diagram of a
modification of the sheet counting apparatus of Fig. 1
which 1is operative to count a plurality of stacks of
objects.

Attached herewith are the following appen-
dices which aid in the understanding and appreciation of
cne preferred embodiment of the invention shown and
described herein:

Appendix A is a computer listing of a program
entitled EZ_MONEY.PAS, a program which implements a
banknote counting method operative in accordance with a
preferred embodiment of the present invention; and Appendix
B is a description of the code MODEX.ASM which resides in
the computer program MODEX.ASM. MODEX.ASM is a public
domain software package available from Matt Pritchard,
P.0O.Box 140264, Irving, TX 75014, USA.
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Fig. 1 is a sinplified block diagram of appara- tus for counting stacked
obj ects. The apparatus includes a support 10 for the stack of objects 20 to
be cpunted, at |east one |light source 80, and a |light sensor 40, such as a
matri x-CCD or a |ine-CCD, operatively associated with a lens 50, for
converting the inage of the stack into electric signals. The optical

apparatus may, OdnaR}t pal ' ) r1Qr not _shown) for such functions
as enl argenent, @gg&s&sﬁ‘g ?\’gbgﬁﬁ#gﬁ'#ﬂgn% ng“QEEf%Réc?H EH.BODI&ENTS The axis of
the stack is indicated by refer- ence nunber 54 Al ternatively,

the support 10 may ba opoktedn Tof eRpafdldisgtay OBE ORAlLY Dy table
such t hat C&%¥¢§ed€¥%4%f gbgethetﬁKﬁs I%fe by ¥Bansport|ng e counting
apparatus tO the obje *81PR RRFeT T, "H@“& AT FUPILARG the TRWHIL 0 the
counting appeRtaafdon. The copyright apmrescihatsede bbyeveiontfwmt thee support,
|f_prOVldedfaéﬁﬂmﬂl%rfQ@ﬁk@&@c@ﬁoﬁ“éfféﬁydﬁﬂﬁd&OEkQW%QQeEHnqiééﬂﬁgnta'
Al i gnment qgrt & t%ck. b. eparation of the _stack, e.g.. by
providing & draglRartry S?Fﬁh?%‘briuﬁ%ﬁt GPPRAFEHIPhERe ( BRkeRs gidhced on
its side steafenark t REfédgepatent tficle simalecopdsonebstpavtiiexdvidiee to the
di agonal . creserves B2 copPPOght "BYgHE (RhatSokvkkack along which the
stack i s noved. . e
Fig. 1 is a simplified block diagram of appara-—
tus for counting stacked objects. The apparatus includes
a support 10 for the stack of objects 20 to be counted,
at least one light source 30, and a light sensor 40, such
as a matrix-CCD or a line-CCD, operatively associated
with a lens 50, for converting the image of the stack
into electric signals. The optical apparatus may, option-
ally, include mirrors (not shown) for such functions as
enlargement, focussing and/or changing direction.
The axis of the stack is indicated by refer-
ence number 54.
Alternatively, the support 10 may be omitted.
The apparatus may optionally be portable such that count-
ing of objects takes place by transporting the counting
apparatus to the objects rather than by transporting the
objects to the counting apparatus.
It is appreciated, however, that the support,
if provided, may perform one or more of the following

Functions:
a. Alignment of the stack.
b. Separation of the stack, e.g. by providing a

d;agonally oriented support on which the stack is placed
on its side such that the edges of the stack become
separated due to the diagonal.

c. The support may serve as a track along which
the stack is moved.
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1-2 d. The support may be operative to electrostati-_cally charge
the stack, thereby to enhance separation of the objects. For exanple, the
support nmay conprise a capacitor. Dependi ng on the optical

characteristics glabhifskens and the CCD el ements, nagnificationﬂgﬁbiﬁwmﬁa
provided, so as to provide a suitable picture resolution, such as at east
5 pixels for the shortest dinension of +the object and for the average
gap between objects. One suitable depth of field value is about 5 nm A
suitable linear resolution is at |east 500 deps per half-inch. The above
nuneri cal values are suitable for the specific equipnent detailed below

and are not intending to gg.lif] lJyl'may Be %eﬁééﬁgéigyaggﬁgég%gg%égﬁé a

| aser beam enmitting device Such as a | ase [
enpl oyed for |ightc3dddr EBaBge JthP arftaski c shesehy oko stphanceyisePpsp tiensehg

| aser rays may be thepl epgdctd! IS @xathPle, the suppd¥tef adagbl yomphessensor
and lens are dispgﬁ%g ggbgm/the support 10 and the support 10 includes a
trans- parent w ndo §0%8Fa slit (not shown) through which the stack 20
can be imaged from bel ow. TRerendisig iop Shecentbeal tabaganteristiesanf vt

ij_t s long si ]ge, hancierm&yaaat tRE-CeD |el iR nitR) URAGN 1 Sk 4lecb Iy behprboidead,

ook, e A MRS MO U B LEBLE0 Nl k™ GO

the stack is in n#%onleas§. Pspixels for the shortest dimension of the
object and for the average gap between objects. One
suitable depth of field value is about 5 mm. A suitable
linear resolution is at least 500 dots per half-inch. The
above numerical values are suitable for the specific
egquipment detailed Dbelow and are not intending to be
limiting.

It is appreciated that a laser beam enitting
device such as a laser diode or a He-Ne laser may Dbe
employed for light source 30 and an optical sensor suit-
able for sensing laser rays may be employed for sensor
40. '

Preferably, the sensor and lens are disposed
below the support 10 and the-support 10 includes a trans-
parent window 60 or a slit (not shown) through which the
stack 20 can be imaged from below. The stack is placed
on its side, preferably on its long side, and may option-
ally be manually guided along the long dimension of the
transparent window 60, as indicated by arrow 100. In some
applications, motion along arrow 100 may not regquire
manual guidance since the stack is in motion, e.g. is
traveling along a conveyor belt, due to processes other
than counting which are being performed on the stack or
with the aid of the stack.

Alternatively, the CCD comprises a 1line—-CCD
which can be moved parallel, or at any other suitable
angle, to the long dimension of the transparent window.
Preferably, however, the CCD comprises a matrix-CCD and
neither the stack nor the matrix-CCD are moved during



traveling along a conveyor belt, due to processes other than counting which
are_beina perforped on the stack or wiith the ajd of the stack

Al ternatively, the CCD conprises a |line-CCD which can be noved parallel, or
at. any other suitable angle, to the |ong dinension of the transparent

w ndow. Pr I however, the CCD conprises a matri x-%gﬂwher t he
stack nor t ggna rix-CCD are noved during WO 96/ 2
PCT/ US96/ 00658 13 i magi ng. The

out put of the sensor is fed to an i mage capturing unit 80 which transforns
the anal og data cap- tured by the lightyzsensor 40 in digital formto a RAM
68. An image processing and counting conputer 70, associated with a

conventi onaly .o Eggl devi ce 84, analyzes the picture stored in the RAMin
ordet to discern Or "count"” the nunber of objects in_,the stack. The
counting capa- bilityThRy BetPHp GfethedseRSSEf {hated WiR c#B s 18P8 in a ROM
94 captheingsuhhibf 80 odhidh nyansifernsnbke afaldy elte icapt-he st ack

| s displayeq,Quaapdl $RbaY; JfY ! Stk i‘bcﬁnaaigi@al LEPnr £Pld ¥ leg..
di agnostic statistics or warnin i ndi_cat10ns nag al so be dLsplgyed.
It is apprec?inatléﬁgtehﬁmFﬁF’é%%tar‘}ﬂ% qownidag cemPRRRL chnt iFRFITHEEESs ot her

than the nuriigih ol oOkpaobftidyal becaiirolederidedi 8p) ayamblyzes exhepl e, it
ggybib Iel g.es' Ao tuPe® s©B8rBAOYE Ion @ RAMN 1162 LAR Ok oPRPE c R 44 Yo RingOL S, such
the number of objects in the stack. The counting capa-
bility may be implemented in software which is held in a
ROM 94.

The result of "counting"” the number of objects
in the stack is displayed on a display device 90 such as
an LCD. Optionally, diagnostic statistics or warning
indications may also be displayed.

It is appreciated that information related to
the counting process other than the number of objects may
be derived and displayed. For example, it may be desira-
ble to provide an indication of poor dquality objects,
such as bills. '

In Fig. 1, illumination is provided, however,
alternatively, only natural illumination may be employed.
Furthermore, any suitable type of artificial illumination
may be employed. Optionally, if artificial illumination
is employed, the natural illumination is blocked out as
by opaque blocking screens.

One.or more light sources may be employed. Each
of the one or more beams provided by the one or more
light sources may be any color of light, or may have a
selectable plurality of colors as by provision of a
plurality of filters. Each beam may be focussed or
divergent. The angle of each beam relative to the stack
may be any fixed angle or may be varied by the user. The
light itself may be coherent or non-coherent. Filters may
be employed to control the wavelength of the light and/or
the polarization of the light.

Optionally, the objects in the stack are



In Fig. 1, illumnation is provided, however, alternatively, only natura
i11um nation nmay be enployed. Furthernore, any suitable type of artificia

illumnation may be enployed. Optionally, if artificial illumnation is
enpl oyed, the natural illumnation is blocked out as by opaque bl ocking
screens. nore |ight sources may be enpl oyed. E%}msgéfookﬁe
one or nore beans prOV| ed by the one or nore |ight sources nay be

color of light, or may have a selectable plurality of colors as by
provision of a plurality of filters. Each beamnmay be focussed or
di veygent. The angle of each beamrelative ta4he stack nmay be any fixed
angle or may be varied by the user. The |light itself may be coherent or

non-coherent. FiltgrSed®yea beoeMkO Y e t t fo t
Toni andror the BB gn oL %gd'r**‘?’h the | BRHIKE PO VR B2
objects in the Piegts j9verlie one epmand are consequently per-

PCT/ US96/ 00658 ceived as being a single objébt [Poac examgle Soa pmhﬁallty

mnimze the probgpgil t M +§ 60 th
consequent|ly per- ggngﬁﬁggﬁgglnmS%“%?ﬂgﬁ&&ﬁ% e?t t@brugggﬁglegw qﬂﬁ: g ity
of apertures may bERIFRAITSIOVS PReddF ndRhs QQﬁﬁoﬁﬁﬁ fRIeR §|+RIQ£H$rb¢°alr
jets access the obgmhaxsca n thedeseparathomcetidmectfeparateenatbes ol or in

Al ternatively or | B adfldi 3d On’thtethEQbﬁgtﬁ ,ﬂge/ebb%fe'c%%rs%aft?&%fﬁl ycn%ﬁgfeaed

such that they tend to repe one a one separa
another. Alternati ¥8fy dihath &6yt 5ANA Jtoekeared R dé@P&Beﬁaya%%

to grip one side okeparated from one another. Alternatively or in addltion,
a mechanical device may be provided to grip one side of
the stack, typically the side opposite the side which is
to be imaged, which has the effect of separating the
edges o©of the objects which lie along the side of the
stack which is to be imaged.

It 1is appreciated that the above two examples
of how to minimize the probability of overlying objects
are only examples and are not intended to be limiting.

Fig. 2 1is an example of a negative image of
stacked sheet portions. '

As seen, the sheet edges are non-uniform, which
may be due to material wear, bent sheets, torn sheets,
folded sheets, the tendency of paper to adopt a wave-
like configuration, and other factors. Therefore, differ-
ent lines drawn perpendicular to the imaged edges create
different sequences of intersection points with the
images of the sheets. The sequences may differ as to the
distances Dbetween corresponding intersection points
and/or even as to the number of intersection points. For
example, the bottom two intersection points on line A in
Fig. 2 would probably correspond to a single intersection
point on line B due to the lack of distance between the
bottom two sheets in Fig. 2, at the location of line B.

For this reason, according to a preferred
embodiment of the present invention, a two dimensional
image of the stack is provided, or alternatively the
stack is imaged with a linear sensor at a plurality of



the stack, typically the side opposite the side which is to be inmaged,
whi ch has the effect of separating the edges of the objects which |jie along

the side of the stack which is to be inaged. It is appreciated

t hat the above two exanples of how to m nimze the probability of overlying
obj ects ar eyglakHas8xanpl es and are not intended to be |imt] 96/00658

Fig. 2 is an exanple of a negative inage of stacked sheet portions.

As seen, the sheet edges are non-uniform which nay be due to materi al

wear, bent sheets, torn sheets, folded sheets, the tendency of paper to
adopt a wave- |ike configuration, and qtsher factors. Therefore, differ- ent
| i nes drawn perpendicular to the i maged edges create different sequences of

| nter sect i on i dllchett BRohherh SRS, WARySaEehS o ThESORbIPNGEs TRy i fier
P

as to the distances n- correspdn igg I'ntersection boi it8 and/ or
even as to tTEMunBOr SKaPRier sERe | ditask REsFiger 2 cmayphbe imagedhett om t wo

i ntersecti ora [pliuviad ity bEnkodatiods Gncludangdlprebabiya coideesnond to a
single intersection pgipt o | e C f dist.ance between the
bottomtwo sheets in F:ig 2? %1% n‘fhl? olécgttilgggﬁggfl’?i Elégﬁgélsatmn °%For this
reason, accortfi nGoMazipfer aRd RPUHEAG SORPUSETtE pFEBentl.i nwWddchon, a two

di mensi onal indgdes§ imhgeSprokessiny @udadeduneinglternatively the stack is
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sheets, suchHF¥¥VidreShazRenbeg) Rdge enhgnsemedt, ckbkfrring he apddok of Fig.
2 may be i nedemesdiold limiting, any or all of which may be based on

conventional methods such as those described in Pratt, W.
K, Digital image processing, Second Ed., Wiley 1991, New
York. A preferred image processing method is described
below with reference to Fig. 4.

A preferred counting method is described below
with reference to Fig. 5.

Fig. 4 is a flowchart illustration of a method
for implementing the image processing step of PFig. 3
based on selection of an appropriate sequence of image
processing operations from aﬁong a set of image process-—

ing ‘"primitives". The set of image processing "primi-
tives" illustrated in Fig. 4 includes:

a. a negative imaging operation N,

b. a differential operation D along columns to
emphasize changes between bills and background,

c. a static cut-off operation C which reduces

noise using a threshold value set according to image
brightness and contrast,

d. a .dynamic cut-off operation X to reduce noise
along rows (banknotes), _

e. a dynamic cut-off operation Y to reduce noise
between rows (banknotes),

£. a binarization operation B,

g. a smoothing operation § to reduce high-frequen-
Ccy noise,

h. a sharpening edge-enhancing operation P,

i. a hi-pass filtering operation H,



a plurality of locations including line A and |ine B. Fig. 3is a
| ogi ¢ diagram of the operation of the conparing_and counting. conputer of
Fig. 1, which includes imge processing and counti ng. | mage
processing typically includes noi se renoval, sharpeni ng, edge
enhancement, filtgg nd/or threshold Iimting, any or all | y
be based on conrgﬁ?ﬁgna met hods such as those described in Prgfgﬂ%%ﬂﬁhs
Digital inmage processing, Second Ed., Wley 1991, New York. A preferred

| mage processing nmethod is described below with reference to Fig. 4.

A preferred counting nethod is described belpgv with reference to Fig. 5.
Fig. 4 is a flowhart illustration of a method for inplenmenting the imge

processing step of Fig. 3 thseden 3ehech Ol BladEARBLIRG Ao SRMSCG O

| mage processing Oper at i ons f rom anong_ a ess
"primtives". ThefSBtemp 4§ﬁij§gpPééB§§Fﬁglm§ﬁ¢§ﬁ-ﬁqﬁ ves" il ustrated in

Fig. 4 ineludes R. a na@@PdeeecﬂB@grthxﬁﬁﬁiﬂg @@eHatbon L. a
differential operation D %ﬁr}gblgol Hg?éenéé)ﬁ e&gjf selszee ng vé1 sr%ng

bills and background, c. era
reduces noi se usi HBeﬁa?W%H&Q}W&I uﬁsgﬁﬁsa&f&% Yt-oslﬁag@rbﬁ'@ﬁm@ss and
contrast, d. a dynariit ast appteopeted itnatXd &aﬁ&duﬂze ifys e pody

r ows (banknotes) n f 4l r 0|se
bet ween rows (ban %(s)%n %ys?@aen@é ﬁ@eﬁ ﬁﬁ{:rggza?o r?rsge era }089 g%bkcaetmq’ a
snoot hi ng operati 8n & tl rBddoe Thi Q’h %\re%%#hl%y-mes@mﬁessing seguence
shar peni ng edge- emAgncimgl e rcihie@NcBnventional inhgd - paosekslig@r idikra~
operation H,

tions and/or the remaining image processing operations
referred to in Appendix A and in Fig. 4, namely H (high
pass filter), L (line detection filter), B (image binari-
zation), N (negativing of image). |

Fig. 5 is a flowchart illustration of a pre-
ferred method for implementing the sheet counting step of
Fig. 3. Each column is searched for sequences of non-zero
pixels. The number of such sequences is termed "bills" in
Fig. 5. A histogram is constructed for “"bills“. The
output of the process is an indication of the central
tendency of the histogram such as the modal value (peak)
thereof and/or the mean value thereof.

Fig. 6 1is a simplified block diagram of a
modification of the sheet counting apparatus of Fig. 1
which is operative to count a plurality of stacks of
objects, even simultaneously. As shown, the apparatus of
Fig. 6 is similar to the apparatus of Fig. 1 except that
image processing and counting computer 70, image captur-
ing unit 80 and control unit B4 are associated with a
plurality of stack inspecting subunits 110, only two of
which are illustrated. Each stack inspecting subunit
typically comprises a support 10, a light source 30, a
light sensor 40, a lens 50, and a display device 90.

Appendix A is a computer listing of a program
entitled EZ _MONEY.PAS, a program which implements a
banknote counting method operative in accordance with a
preferred embodiment of the present invention. The
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160 |. g thick line detecting filtering operation 1 for
enphasi zi ng banknot e i mages; and k. a line-detecting filtering
operation L. Sui t abl e sequences of these inage processing

operations Jygeksidgs SSCDBS, SCPS, SIY, SIX or sinply C mswu%és&t S
appreci ated that a suitable inmage proc- essing sequence neéﬁfnot e
conposed only of operations S, C, D, B, P. I, Y. A suitable imge
processi ng sequence nmay include other conventional image processing opera-
tions and/or the renmining image procegsping operations referred to in
Appendix A and in Fig. 4, nanely H (high pass filter), L (line detection

filter), B (] bi [os i , + N (ne | Vi of | e) Fig.

5 s n 11 owgEeTFEm piBldvs %%%%Piai'ﬁ?é% o the MST PP FRpTRRRL i ng the

sheet count PABKRPESS o¥n @ gictureafhleol um is searched for sequences of

ROR;zero -pi xel s. The Theh@ickhreuchisequesicas iin&gteer][mciﬁ'r‘zbi:héf" p& Fig. 5.
I stogra t =D ! out p of._the process Is an

i ndi cat i onng%éfﬁg%e‘%%ﬁ{af %t gg’ggﬁgyk%ém? h%P%bsL%‘g?Fgfr% SEERE st T RN dal val ve

(peak) ther&PBant® orSkhe& $danPikphs xR9ecfray levels/pigels |They

s; WIE! i fi id progiani agsesn MopEX)OE bi’zsﬁit;é Orlidlﬂa:ilr{"?ts%fo%Ef r@?“ﬁiﬁ%@ppgf at ;JS

of Fig. S . op i n ur of _stacks obj ect s,

even si nul \t,@%%gﬁg{le{.bﬁsq{sa%t&v\n\%%i%gggggpﬁg?&mﬁfaﬂlﬂzé.“% F§v§Wﬁ | at®to the

appar at us off Sftf., USAxdestescraptinnget pthe apnaramMPDESUNt emtd thedut er 70,

i ImageI P?DI unen‘fngasmj tiﬁ&@@ddeanhégltewga%a 8 ?F%e&%%%f@h% £fp¥hdik @

plurality of s ect | ubunits on wo of, | arg

i |l ustrat ed.B'Eagﬁ&sjtz 21%2 eﬁ"ﬁ’s}%ggﬁi %5 2BEHY i‘fi/ﬁ%caﬁalgf‘céﬁpﬂ:gﬁg a*%upport

10, a |ight PEecfee Zwd &isnlght as@R§ogray, levelerpiBmreandincei sphg device

90. abADPEPUL X bt SuppeehBHl B thé!iTibd Pakdanogranseaphidéed

EZMONEY. PAS 2 program'whi ch i npl enents a banknote counting net hod

operative iHna tordance with a
The program uses a subset of the MODEX graphics

routines to handle two VGA pages, one being the source of
the image processing operation and the other being the
destination thereof. The program sets and gets pixel
values and prints text.

The program uses the MODEX screen resolution,
320H x 400V, which is smaller than the CORTEX image
resolution but is sufficient in order to display the
essential part of the image which stores the image of the
banknotes to be counted.

To use the program of Appendix A to¢ count a
stack of banknotes, such as a stack of approximately one
dozen Bank of Israel 20 New Shekel denomination notes,
the following equipment may be employed:

Hardware:

Computer - PC 386DX (40Mhz, 128K Cache, 4MB
RAM,
340MB hard disk, SVGA monitor).

Graphics card - Trident 8900CL (SVGA), 1MB RAM
on-board (manufactured by JUKO Electronics Industrial Co.
Ltd. 208-770000-00A, Taiwan).

Frame grabber card - CORTEX-I, 256 Gray
levels, S512H x 512V resolution in CCIR/PAL mode (manu-



preferred enbodi nent of the present invention. The WO

96/ 22553 _ ) PCT/ US96/ 00658
17 program enpl oys several imge processing methods to count banknotes in
a picture file. The picture file is an image which may be

capt ured using a gk rame grabber. The frame resol u- tion i Beibibgiod?

pi xel s x 256 gray levels/pixel. The program uses MODEX, a public domain
sof tware package witten by Matt Pritchard, P.O Box 140264, Irving, TX
75014, USA. A description of the program MODEX, entitled MODEX. ASM is
appended hereto and is referenced Appendi x Biga MODEX i s enpl oyed as a
graﬁhics package, in order to process and display a 256 gray |level picture,

since this abilityactuPel 8 pﬂﬂHgtefx‘fitQ)bnt ESrgur be, P2 88588 APRhESu Y -
The _program uses ?ﬁggggg gs%ﬁhe MODEX graphics routines to handle two VGA
e

pages, one being {45 I'mage processing operation and the other
bei ng the destination theréideo Tamegaogr IAVEEIN aifd74get sHipResblwkdares

and prints text. 3/3» ccp chF@raor%Ha%me%@ﬁré&'e MOPREX SQRERRN' Cf Pb&f ML
320H x 400V, which is igg%b %Sgﬁﬁié t he CORT i nage resolutlon but iIs
|

sufficient in orddfSeo ne?§éntF8Fr?%ﬁ? t h@%PR&gé 18R YP&k or es
the i mage of the banknotes Lende- cMimireeNikkor S5mm MBerosdehnie pmanulaxw-of

Appendi x A t0 COURl;r@aStggk ﬁfxd%ﬁféﬁlg} esp yC@ a Szt-%ck WarARBLOKL TEdLl Y
one dozen Bank of 1lsrael 20 New Shek deﬁ m nation no
chome, Chiyoda-ku, Tokyo 100, JAPAN).

Camera accessories - Cosmicar x2 C-Mount lens
TV Extender, Video Camera tripod.
Software:
MS-DOS 6.2 (bvy MicroSoft Corp.). Turbo Assembler 3.0
(by Borland Intermational, Inc.)
Turbo Pascal 6.0 (by Borland International, Inc).
CORTEX frame grabber software (by Imagenation Corp).
MODEX SVGA graphics library (author: Matt Pritchard, P.
O. B. 140264, Irving, TX 75014-0264, USA; on Fido NET
ECHO Conference: BOxxx), a description of which is pro-
vided herein as Appendix B;
EZ_Money - TurboPascal version counting program whose
listing is appended hereto as Appendix A.
Bills-counting processes, the text files of which are set
forth within the above description under the captions
COUNT_1.0PR, ....COUNT_5.0PR.
A preferred method for counting notes, using
the above equipment, is as follows:

1. Install the CORTEX frame grabber card inside the

computer.
2. Install CORTEX software in C:\BANKNOTE directory.
3. Generate a digital file whose contents are identi-

cal to the computer listing of Appendix A and name this
file EZ MONEY.PAS. Additionally, generate a digital file
of the computer program MODEX.ASM which is described in
Appendix B. The code MODEX.ASM is available from Matt
Pritchard. 7P.0. Box 140264, Irving, TX 75014, USA. Put



the foll ow ng equi pnent may be enpl oyed: Hardware: Computer -

PC 386DX (40Mhz, 128K Cache, 4MB RAM 340MB hard disk, SVGA nonitor)
Graphics card - Trident 8900CL (SVGA), 1IMB RAM on-board (nanufactured by

JUKO El ectronics Industrial Co. Ltd. 208-770000- COA, Tai wan)

Frame grabber - CORTEX- | 256 Gay levels, 512

resol ution ﬁﬁgg% PAL node (manu- W06/ 22553 PC}S’UE&%&M

PCT/ US96/ 00658 18 factured by I mgenation
Corp., P.O BOX 84568, Vancouver WA 98684-0568, USA). Vi deo

canmera - JAVELIN JE-7442 Hi-Resol ution,g2/3" CCD camera (nanufactured
by JAVELIN Electron- ics, 19831 Nhge Ian Dr., Torrance CA 90502-1188,

b corp. 3o ApREET SRS ol SR AKHL RET: RIS g SIS L ured Y

JAPAN) . 4.  ComphherMODEKASHONISESg- T@obm Essemid el NMoWntin| enderTV
Ext ender, ViydeerEaverdopex oud., Software: MS-DOS 6.2 (by McroSoft Corp.).

by "Bor 2 Sny cPAmEHih AL . TS ARAE TRk, 20 o, b omb RRs 5, ©
| magenat i on T8gbp) Pas&bBX GVGA graphics library (author: Matt Pr| tchard, P.
O B. 140264, IrMbift the ALK RkorUPlnsOntd dhd\Ehvelin camera

with the Cosmicar TV Extender.

7. Attach the Javelin camera to the tripod and connect

the camera video output to the CORTEX card input.

8. Place the stack of banknotes such that the stack's

side (the edges of the bills) is in the viewing field of

the camera.

9. Focus the lens on the bills' edges: change aperture

opening to match the environment luminance which may, for

example, be ambient room light.

10. Run CORTEX utility program to grab the banknotes

image to a CORTEX image file format, using the command

C:\BANKNOTE> UTILITY\GRAB.COM BANKNOTE.PIC.

11. Run EZ_MONEY counting program on the default BANK-

NOTE.PIC image file by:

a. Interactive running {(i.e. C:\BANKNOTE)
EZ MONEY); or
b. Running using any one of the counting process-

es, COUNT_1.0PR to COUNT_S.OPR, which are as follows:

COUNT_1.OPR:
BANKNOTE . PIC
SSCDBS#

COUNT_2.0PR:
BANKNOTE. PIC
SCPS#

COUNT 3 .0PR:
BANKNOTE . PIC
SIY#COUNT 4.0PR:



ECHO Conference: 80xxx), a description of which is pro- vided herein as
Appendi x B; EZMoney - TurboPascal version counting programwhose |isting
i s appended hereto as Appendix A Bills-counting processes, the text files
of, which are set forth within the above description under the captions
COUNT_1. OPR, ... GddjhassOPR A preferred nethod for 99#&&%3&%8
notes, using the above equi pnent, is as follows: 1. Install e
CORTEX frame grabber card inside the conputer. 2. Install CORTEX
software in C.\BANKNOTE directory. 3. Generate a digital file whose
contents are identi- <cal to the conmputer 1i80ing of Appendi x A and nane
this file EZ MONEY. PAS. Additionally, generate a digital file of the
conput er program MaRk¥oREMy&i ch is described in Appendix B. The code
MODEX. ASM i s avai@&&%e fromMatt Pritchard. P.O Box 140264, Irving, TX
75014, USA. Put WD 96/ 22553

PCT/ US96/ 00658 19 EZ MONEY. PAS and

MODEX. ASM i nt o C. \JOoNENETepRi rectory. 4. Conpil e MODEX. ASM usi ng Tur bo
Assenbler 3.0 in gggikaég fﬁate MODEX. OBJ. 5. Conpile EZ_MONEY. PAS and
link it to MODEX. ] hg urbo Pascal 6.0. 6. Munt the Mcro N kkor

l ens onto the Jav&l#in canera with the Cosnicar TV Extender

For example, to run the EZ_MONEY counting
program using the first counting process, type:
C:\BANKNOTE> EZ_MONEY COUNT_1.0PR. The five
counting processes listed above are sequences including
one oOr more image processing operations, referred to in
Appendix A and in Figs. 3 and 4 as S, I, X, ¥, C, P and
D, and also including a counting process # which is

operative to count banknotes in each column and give, as
a result, the most frequent count.

It is appreciated that the above image process-
ing operations can be combined into counting processes
other than COUNT_1.0PR, ..., COUNT 5.0PR. It is also
appreciated that the above sét of image processing combi-
nations may be augmented by other conventional image
processing operations such as but not limited to the
following image processing operations which are referred
to in Appendix A and in Fig. 4:

H {high pass filter), L (line detection
filter), B (image binarization), N (negativing of image).

Preferably, at least one of the image process-
ing operations employed operates on a multipixel area
such as a 3 x 3 pixel matrix or a 3 x 5 pixel matrix,
rather than operating on one pixel at a time.

Optionally, a neural network or other learning
mechanism may be employed such that the counting appara-
tus shown and described herein may be trained to count
correctly.

Alternatively, all five of the counting proc-
esses may be employed and the results thereof combined,
as by a weighted average, to determine a final result.



7. Attach the Javelin canera to the tripod and connect the canera video
output to the CORTEX card input. 8. _Place the stack of banknotes such

that the stack's side (the edges of the bills) is in the viewing field of
the canera. 9. Focus the lens on the bills' edges: change aperture

opening to e environnment | um nance which may, for e
anbi ent rooqﬁ*lgﬁka Run CORTEX utility programto gr %ﬁw&ﬂ

banknotes inmage to a CCRTEX i mage file format, using the command

C: \ BANKNOTE> UTI LI TY\ GRAB. COM BANKNOTE. PI C. 11. Run EZ_MONEY counti ng
programon the default BANK- NOTE.PIC igpge file by a. I nteractive
runni ng (i.e. C. \ BANKNOTE) EZMONEY) ; or : Runni ng usi ng any

Fol Lows: - ConT 1 PR RRRBRE' of SAlediss tn‘éa&%’#“ 8k LBAMOTE PI
SCPS#  COUNFLEYEPR OBANIRIROSErPER OF YiraevorledPRon  the cm'@mmsw
PCT/ US96/ 0065Bgorithm file, 4if supplied. The result is the ‘'peak’

value; in addition, the 'average' value is written.

For example, when the negative of the banknote
stack image of Fig. 2 was processed, the result was found
to be 12.

The present invention is described herein in
the context of a banknote counting application as for a
cash register, automatic cash withdrawal device or other
banknote handling device, in a bank, postal facility,
supermarket, casino, transportation facility or household
use. However, it is appreciated that the embodiments
shown and described herein may also be useful for count-
ing other objects, and particularly flat, stacked objects
such as stacks of cardboard sheets, forms, bills, films,
plates, metal foils, cards, and pages photocopied or to
be photocopied by a photocopier. The counting device may,
optionally, be portable and ﬁay be either battery-powered
or powered by connection to an electric outlet.

It is appreciated that the software components
of the present invention may, if desired, be implemented
in ROM (read-only memory) form. The software components
may, generally, be implemented in hardware, if desired,
using conventional techniques.

It is appreciated that the particular embodi-
ment described in the Appendices is intended only to
provide an extremely detailed disclosure of the present
invention and is not intended to be limiting. It

_ is appreciated that various features of the invention
which are, for clarity, described in the contexts of
separate embodiments may also be provided in combination
in a single embodiment. Conversely, various features of
the invention which are, for brevity, described in the
context of a single embodiment may also be provided
separately or in any suitable subcombination.



20 BANKNOTE. PI C SI X#  COUNT_5. OPR: BANKNOTE. PI C C# For exanpl e,
to run the EZ_MONEY counting programusing the first counting process,
type: C. \BANKNOTE> EZ MONEY COUNT_ 1. OPR. The five counting
pr.ocesses |isted above are sequences including one or nore image processing
operations, referggdetRsi N Appendix A and in Figs. 3 and 4 as S, pdrussenonéss
C, Pand D, and also including a counting process # which is operative to
count banknotes in each colum and give, as a result, the nost frequent
count . It is appreciated that the above inmage process- ing
operations can be conbined into counting proggsses other than COUNT_1. OPR
..., COUNT 5.0PR It is also appreciated that the above set of inmage
processi ng conbi - nations y u ) io i g
processi ng operations suchr%s E‘Sggng?#%?ée)%a%$ﬁ¥e%gg¥ﬁg\%\ﬁ ngﬁ#lﬁjﬁéﬁ in
processi ng oper at tBAsaghi Eirtartder presertl irventigdsdretAlinyted ¥o grhat

E_ { hi gh p;iSSN bkt ebgen ﬂar%ﬂciuﬂ!ﬁrlgeﬁmﬁ Qdhd i :gte%]lc’c):ibsii(i HagéJi.nabove.

i narization), negati vi o] mageyl. refer : i e
of the imge pr chggﬂel hg %geer §t_°|°8ﬁsg nﬁ‘% %e%epne?anggnggoé m%%t i%??(le e(ae:r ea
such as a 3 x 3 pPréy bntthx deins3thag Hekkewimtrix, rather than operating
on one pixel at a tine. Optionally, a neural network or other
| ear ni ng mechani sm may be enpl oyed such that the counting appara- tus shown
and described herein may be trained to count correctly.

Alternatively, all five of the counting proc- esses may be enpl oyed and the
results thereof conbined, as by a wei ghted average, to determne a final
result.




WO 96/ 22553 PCT/ US96/ 00658
2% The nunber of banknotes in the stack is dis-_plaved on the

screen or 1s recorded on the counting- algorithmfile, if supplied. The
result is the 'peak' value; in addition, the 'average' value is witten.
For exanpl e, when the negative of the banknote stack inmag jobssg 2 Was
processed, Y¢E”?E§ﬂlt was found to be 12. The pﬁ%@gﬁﬁ I nvention
is described herein in the context of a banknote counting application as
for a cash register, automatic cash w thdrawal device or other banknote
hand|l i ng device, in a bank, postal fachkity, supernarket, casino,
transportation facility or household use. However, it is appreciated that
t he enbodi nents shown and descri bed herein nmay al so be useful for count-

i ng other objects, and particularly flat, stacked objects such as stacks of
cardboard sheets, forns, bills, filnms, plates, netal foils, cards, and
pages phot ocopied or to be photocopied by a photocopier. The counting
device may, optionally, be portable and may be either battery-powered or
powered by connection to an electric outlet. It is appreciated
that the software conponents of the present invention may, if desired, be
i npl emented in ROM (read-only nenory) form The software conponents may,
generally, be inplenmented in hardwakﬁg h% ges%red, usi ng conventi onal

t echni ques. It is appreci & Phat the particul ar enbodi - nent
described in the Appendices is intended only to provide an extrenely
detail ed di scl osure of the present



i nvention and is not intended to be limting. It is appreciated
that various features of the invention which are, for clarity, described in
the contexts of separate embodi ments may al so be provided in combination in
a single enbodi nent. Conversely, various features of the invention which
are, for brevity, ed in the context of a single enbodi nen

be provi ded separgg’: grg I n any suitable subconbi nation. %‘Bm
96/ 22553 PCT/ US96/ 00658

22 It will be appreciated by pe¥sons skilled in the art that the
present invention is not limted to what has been particularly shown and
descri bed herei nabove. Rather, the scope of the present invention is
defined only by & he CORYRIGHT® 1994, by Charlie S. AntebivioLug/Goldeperg }

PCT/ US96/ 00658

Program EZ_Money(input,output);
Uses Crt;

{$SL modex.obj} { This file is the external ModeX Library .OBJ }
{$F+}

{ Mode Setting Routines }

Function SET_MODEX (Mode:integer) : Integer; external;
{ Graphics Primitives }

Procedure CLEAR_VGA_SCREEN (Color:integer); external,

Procedure SET_POINT (Xpos, Ypos,Color : integer); external;

Function READ_POINT (Xpos, Ypos:integer) : integer; external;

Procedure DRAW_LINE (Xpos1,Ypos1,Xpos2, Ypos2,Color:integer); external;
{ VGA DAC Routines }

Procedure SET_DAC_REGISTER (RegNo,Red,Green,Blue:integer); external;
{ Text Display Routines }

Procedure PRINT_STR (Var Text;MaxLen,Xpos, Ypos,ColorF,ColorB:integer);
external;

{ Page and Window Control Routines }

Procedure SET_ACTIVE_PAGE (PageNo:integer); external;
Procedure SET_DISPLAY_PAGE (PageNo:integer); external;

{ Sprite and VGA memory -> Vga memory Copy Routines }
Procedure COPY_PAGE (SourcePage,DestPage:integer); extemnal;
{SF-}

Const



23 APPENDI X A WO
96/ 22553 PCT/ US96/ 00658

24 ~] COPYRI GHT 1994, by: Charlie S. Antebi & Lior Col denberg }
Program EZ _Money(i nputoutput); Uses Crt; {$L nodex. obj} {This file is

t he external MydeX Library .0BJ} {$F+} { Mode Setti | nes}
Functi on SEWI\/Dde: I nteger) : Integer; external; %B%y@”g%hl Cs
Primtives } Procedure CLEAR VGA SCREEN (Col or:integer); external;
Procedure SET_PO NT ( XposYpos, Col or |2F1t eger); external; Function READ PO NT
(XposYpos:integer) : integer; external;

CR = Chr(13);
ESC = Chr(27);

FRAME_Y =512;
FRAME_X =512;
FILTER_SIZE = 20,
COMMAND_LENGTH = 20;
MAX BILLS = 256;

XMAX = 320;

YMAX = 400;
DISPLAY_MODE = 1; { 320H x 400V }
DATA_FRAME = 0;
WORK_FRAME = I;

Type
Filter_Matrix= Array[0. FILTER_SIZE-1,0..FILTER_SIZE-1] of Integer;

Var
command_string: String[COMMAND_LENGTH];
command_index: Integer;
peak: Integer;

{ Error Handler - Returns to Text Mode & Displays Error }

Procedure MESSAGE(s : string);
Begin
asm
mov ah,0
mov al,3
int 10h
end;
WriteLn(s);
Halt(0);
END;

{ MAIN ROUTINE - Run Through Counting and Exit }

Procedure Beep;
Var

i: Integer;
Begin



Procedure DRAW.I NE ( Xposl, Yposl Xpos2, Ypos2, Col or:integer); external;
{ vVGA DAC Routines } Procedure SETDAC REG STER

(RegNoRedGr een, Bl ue: i nteger); external; { Text Display Routines }
Procedure PRI NT STR (Var Text; MaxLen, Xpos, YposCol or F, Col or B: i nt eger) ;
external ; and W ndow Control Routines} Procedure

SET_ACTI VE_PAGE (‘1@%5‘2’%5’% nteger); external; Procedure SET DI SPLXQ’BR’ 0658
(PageNo: i nteger); external; { Sprite and VGA nenory -> Vga nenory
Copy Routines} Procedure COPY_PAGE (Sour ggPage, Dest Page: i nt eger);
external; {$F-} Const WO 96/ 22553

PCT/ US96/ 00658 0: 25 CR = Chr(13); ESC =
Chr (27); FRAVE JPuRdi000), FRAVE X = 512 FILTER SIZE = 20, COWMAND_LENGTH
= 20; ~ MAX_BI LLSFor izEto 16000 Do;
- NoSound;
d.

Procedure Gray_Scale;
Var
i: Integer;
Begin
Fori:=0to 255 do
SET_DAC_REGISTER (i,i div 4,1 div 4,i div 4),;
End;

Procedure Display Frame(filename: String; skip lines: Integer);
Var

frame_file: Text;

X,y: Integer;

c: Char;

Begin
Assign(frame_file filename);,
Reset(frame_file);

For y:=0 to FRAME _Y-1 do
- For x:=0 to FRAME_X-1do
Begin
Read(frame_file,c);
If y>=skip lines Then
SET_POINT(x,y-skip_lines,Ord(c));
End;

Close(frame_file);
End;

Procedure Negate_Frame;

Var
x,y,n: Integer;

Begin
SET_DISPLAY_PAGE(WORK_FRAME);
For y:=0 to YMAX-1 do



XMAX = 320; YMAX = 400; DI SPLAYMODE =1; { 320H x 400V} DATA FRAME = O;

WORK_FRAMVE= 1; Tépe Filter Matrix=
ArTayTo. . FILTER E-1,0..FILTER SI ZE-1] of Integer; Var comand_strng:
String[ COMMAND LENGTH]; conmand_i ndex: Integer; peak: [|nteger; {

Error Handler - Returns to Text Mbde & Displays Error} P ﬁ)gﬂ%ﬁsss
I\/ESSAGE(S:“QW?I’&?' Begi n asm nov ah,O nov al,3 i%te‘i. end;

WitelLn(s); Hal t’(O); END; { MAIN ROUTI NE - Run Through Counting and
Exit} Procedure Beep; Var i: Int egsr; Begi n WD 96/ 22553
PCT/ US96/ 00658

For x:=0 to XMAX-1do

Begin
n:=255-READ POINT(x,y);
SET_ACTIVE_PAGE(WORK_FRAME);
SET_POINT(x,y.n);
SET_ACTIVE_PAGE(DATA_FRAME),

End;

End;

Procedure Cutoff_Frame(n: Integer);
Var
X,y,Vv: Integer;
Begin
SET_DISPLAY PAGE(WORK_FRAME);
For y:=0 to YMAX-1 do
For x:=0 to XMAX-1do
Begin
v:=READ_POINT(x,y);
If v<=n Then
v:=0,
SET_ACTIVE_PAGE(WORK_FRAME);
SET_POINT(x,y,v);
SET_ACTIVE_PAGE(DATA_FRAME);
End;
End;

Procedure Dynamic_Y_Cutoff Frame(r: Real);

Var
X, y,v.n: Integer;

Begin
SET_DISPLAY_PAGE(WORK_FRAME);
For y:=0to YMAX-1 do
Begin

vi=0;
For x:=0 to XMAX-1 do
If v"READ_POINT(x,y) Then
v:=READ_POINT(x,y);
n:=Round(v*r);
For x:=0 to XMAX-1 do
Begin



26 Sound(1000); For i:=0 to 16000 Do; NoSound; End; Procedure
Gray_Scale; Var i: Integer; Begin_For i:=0 to 255 do SETDACREGQ STER (i i
div 4,i div 4,i div 4); End; Procedure D splay_Frame(fil enane: String;
skip_lines: Integer); Var frame_file: Text; Xx,y: Integer; c: Char; Begin
Assign(frame_file.fil ); Reset(frame_file); For y:=0to F e

For x:=0to FRAI\/EY&’&E%%TE Begi n Read(frame_file,c); | f y>%’f’#§g§
Then SET_PO NT(x, y-skip_lines, Ord(c)); End; d ose(frane_file);

End; Procedure NegateFrane; Var x,yn: Int gger; Begi n SET DI SPLAY
PAGE( WORKFRAME) ; 2

v:=READ_POINT(x,y);
If v<=n Then
v:=0;
SET_ACTIVE_PAGE(WORK_FRAME);
SET_POINT(x,y,v);
SET_ACTIVE_PAGE(DATA_FRAME);
End;
End;
End;

Procedure Dynamic_X_Cutoff Frame(r: Real);
Var
X,y,v,n: Integer;
Begin
SET_DISPLAY PAGE(WORK_FRAME),
For x:=0 to XMAX-1 do
Begin
v:=0;
For y:=0 to YMAX-1 do
If v<READ_POINT(x,y) Then
v:=READ POINT(x,y);
n:=Round(v*r);
For y:=0 to YMAX-1 do
Begin
v:=READ_POINT(x,y);
If v<=n Then
v:=0;
SET_ACTIVE_PAGE(WORK_FRAME),
SET_POINT(x,y,v);
SET_ACTIVE_PAGE(DATA_FRAME);
End;
End;
End;

Procedure Bin_Frame(n: Integer);

Var
x,y,v: Integer,

Begin
SET_DISPLAY_PAGE(WORK_FRAME),
For y:=0 to YMAX-1 do



For y:=0 to YMAX-1 do WD 96/ 22553

PCT/ US96/ 00658 27 For x:=0_to XMAX- | do
Begi n n: =255- READ PO NT(xy); SET_ACTI VE_PAGE( WORK_FRAME) ;

SETPO NT(xy, n); SET_ACTI VE_PAGE( DATA_FRANE) ; End; End; Procedure

Cutof f_Fra , eger); Var Xx,y,v: Integer; Begin

'SET_DI SPLA@&R _FRAME), For y:=Oto YMAX-1 do  For XCHBF¥8%¥nx-1 do
Begi n v: =READ PONT( X, Vy); | f v<=n Then SET_ACTI VE_PAGE( WORK_FRAME) ;

SET_PO NT(x,y,V);  SET_ACTI VE_PAGE%DATA_FRAI\/E); End; End; Procedure
Dynami c_Y _Cutoff_Franme(r: Real); Vaf?

For x:=0 to XMAX-1do
Begin
v.:=READ_POINT(x,y);
If v<=n Then
vi=0
Else
v:=255;
SET_ACTIVE_PAGE(WORK_FRAME),
SET_POINT(x,y,v);
SET_ACTIVE_PAGE(DATA_FRAME);
End,
End,;

Procedure Diff_Frame;

Var
x,y,n: Integer;

Begin
SET_DISPLAY_PAGE(WORK_FRAME);
For y:=0 to YMAX-1 do

For x:=0 to XMAX-1 do

Begin
n:=(READ_POINT(x,y+1)-READ_POINT(x,y-1)+255) div 2;
SET_ACTIVE _PAGE(WORK_FRAME);
SET_POINT(x,y,n);
SET_ACTIVE PAGE(DATA_FRAME);

End;

End;

Function Byte_Bound(v: Integer): Byte;
Begin
Byte_Bound:=v;
If v<0 Then
Byte_Bound:=0;
If v>255 Then
Byte_Bound:=255;
End;

Procedure Filter_Frame(devider: Integer; f: Filter Matrix; m,n: Integer);
Var
X,y,ij: Integer;



X,¥,Vv,n: Integer;

Begi n v:= 0O
v: =READ PO NT( x
WD 96/ 22553

Begi n SET_DI SPLAY_PAGE( WORK_FRANE) ;

For x:=0.to XMAX-1_do If v<READ PO NT(x,y) .Then

YY) n: =Round(v*r); For x:=0 to XMAX-1 do

Begi n

PCT/ US96/ 00658

28 v: =READ PO | f v<=n Then v: =0
SET_ACTI VE_ PAGE MR/E SET PO NT(x, yv);

SET_ACTI VE_ PAGE( DATAFRAME) :  End; End; End; Procedure
Dynanic_X Cutoff Frame(r: Real); Var x,y,v,n: |
SETDI SPLAYPAGE( WORKFRAME) ; For x:=0to Xl\/lég 1

v: Integer;

Begin
SET_DISPLAY_PAGE(WORK_FRAME),
For y:=0 to YMAX-m do

For x:=0 to XMAX-n do
Begin
v:=0;
For i:=0 to m-1 do
For j:=0 to n-1 do

v:=v+f[i,j] * READ_POINT(x+,y+);

v:=Byte_Bound(v div devider);

SET_ACTIVE_PAGE(WORK_FRAME);

SET_POINT(x+(n div 2),yHm div 2),v);
SET_ACTIVE_PAGE(DATA_FRAME),
End
End;

Procedure Smooth_Frame;
Var
f: Filter Matrix;
i,j: Integer;
Begin
For 1:=0 to FILTER_SIZE-1 do
For j:=0 to FILTER_SIZE-1 do
fli,j}:=1;
Filter_Frame(9,f,3,3);
End;

Procedure Sharp_Frame;

Var
f: Filter Matrix;
i,j: Integer;

Begin
f10,01:=1; f[0,1}:=1; f]0,2]:=1;
fl1,0):=1; f]1,1}:=-2; f[1,2]:=1;
f12,0}:=-1; f12,1]=-1; f]2,2}:=1;
Filter_Frame(1,f,3,3);

End;

Procedure Line_Detection_Frame;

nt eger;
do Begin

Begi n

PCTNUS96/00658

For y:=Oto YMAX-1 do



v: =0 For y:=0 to YMAX- 1 do | f v<READ PO NT(xy) Then
v::=READ PO NT( X, VY); n: =Round(v*r); For v:=0Oto YMAX- 1 do Begin

v: READ POTNTIXY) | T v<=n Then v: =0;
SET_ACTI VE_PAGE( WORK_FRAME) ; SET_PO NT(X, Y, V);
SET ACTI VE PA?«% DATA FRAME) ; End; End; End;
Integer); I nteger; Begin SET_DI SPLAY PAC;E(
y:=0Oto YMAX-1 do WO 96/ 22553
PCT/ US96/ 00658
Begin v:=READ PONT(x,y); If v<3h Then
Var
f: Filter_Matrix;
1j: Integer;
Begin

f{0,0]:=-1; f[0,1}:=1; £[0,2]:=-1;
fl1,0]:=2; f1,1}=2; f[1,2}=2;
f12,0]-=-1; f{2,1]:=1; f[2,2]:=-1;
Filter_Frame(1,f,3,3);

End;

Procedure Hi_Pass_Frame;

Var
f: Filter_Matrix;
i,j: Integer;

Begin
[0,0]:=0; f]0,1]):=-1; £]0,2}:=0;
f{1,0]:=-1; f{1,1}:=5; f[1,2}=-1;
f2,0]1=0; fI2,1}=1; f2,2]:=0;
Filter_Frame(1,f,3,3);

End;

Procedure Bill_Detection_Frame;
Var

f: Filter_Matrix;

i,j: Integer;

Begin

f10,0)-=-2; 1]0,1]:=-3; £]0,2]:=-2;
f11,0)-=-1; f[1,1]:=-1; f]1,2]:=-1,
f]2,0]:=10; f]2,1]:=15; f]2,2]:=10;
fI3,0}:=-1; fI3,1]:=-1; f]3,2]:=-1;
f{4,0]=-2; f[4,1]):=-3; f][4,2):=-2;
Filter Frame(10,1,5,3);

End;

Function Select_Process: Char;

Var
c: Char;
menu_line: Packed Array [1..40] of Char;

Begin
Copy_Page(DATA_FRAME,WORK_FRAME);

29
v: =0

Pr ocedur%wé@rre( n:
For

For x:=0 to XMAX-1 do
El se



v: =255; SET_ACTI VE_PAGE( WORK_FRAME) ; SET_PQO NT(X, yV);
SET_ACTI VE PAC;E( DATA FRAME) : End;_ End; Procedure D ff_Frame; Var Xx,y,n:
| nt eger; Begin SET_DI SPLAY_PAGE( V\U?K_FRAI\/E); For y:=Oto YMAX-1 do For
x: =0 to XMAX-1 do Begi n n: =( READPO NT( x, y+l ) - READ_PO NT( x, y-1) +255) div
2; SET_ACTI VE_P. FRAIVE SET PO NT(x,y,n);
SET_ACTI VE_PAGE(D. )End; End, Fun((:t  on ?Byt eBound(v: PHIESHOpess
Byte; Begin Byte Bound: =v; | f v<O Then Byt e_Bound: =0 | f v>255 Then
Byt eBound: =255; End; Pr ocedure Filter _Fr agg(dew der: Integer; f:
Filter_Matrix; mn: Integer); Var Xx,y,i,j: Integer;
SET_ACTIVE_PAGE(WORK_FRAME);,
SET_DISPLAY_PAGE(WORK_FRAME);
if command_string=" Then
Begin
menu_line:=Neg Diff Cut-off X-cut Y-cut Bin Hx-pass
Pnnt_Str(menu__lme 40,0,0,255,0);
menu_line:='Smooth sharP Line-det cOl-det bIll-det #;
Print_Str(menu_line,40,0,8,255,0),
¢:=ReadKey;
End
Else
Begin
command_index:=command_index+1;
c:=command_string[command_index};
If (c='#") Or (¢=" ") Or (c=") Or (c=CR) Then
¢:=ESC;
End;
If c='#" Then
c:=ESC;
Select_Process:=c;
SET_ACTIVE_PAGE(DATA_FRAME);
SET DISPLAY_PAGE(DATA _ FRAME),
End;

Procedure Process_Frame(s: Char);
Begin
Case s of
'N','n': Negate_Frame;
'D','d": Diff_Frame;
'C',’c": Cutoff_Frame(60);
Y','y': Dynamic_Y_Cutoff_Frame(0.45);
'X',x": Dynamic_X_Cutoff_Frame(0.45);
‘B,'b’": Bin_Frame(128),
'S",'s": Smooth_Frame;
‘P’,'p". Sharp_Frame;
'LT: Line_Detection_Frame;
'H,)I': Hi_Pass_Frame;
T.,'i": Bill_Detection_Frame;
"#;
Else
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30 v: Integer; Begin SET DI SPLAY PAGE(WORK FRAME) . For y:=0Q to YMAX-m do

For X.=O 10 XMAX-n do Begin_ v:=0 For i:=Oto m1 do Forj:=0 to
n-1 do ovi=v+Hi[i,)] * READ PO NT(x+j,y+i); v: =Byt eBound(v div

devi der); SET ACTI VE_PAGE( WORK_FRANE) ; SET_PO NT(x+(n_div_2).y+(mdiv
2),V); K 96R2IFI3/E PAGE( DATA FRANE) ; End End; Proce %MH ame;
Var f: Filter Matrix; ij: Integer; Begin For i:=Oto FILTER SIZE-1 do For
j:=Oto FILTER SIZE-1 do f[i,j]:=2’é Filter _Frame(9,f,3,3), End,
Procedure Sharp Frame; Var f: Filter”Matrix; i,j: Integer; Begin f[0,0]:=
1, f[0,1]:=1; f[0,2]:=1; f[1,Q:=1; f[l,I]:=-2; f[1,2]:=1; f[2,0]:=-1;

f[2,1]:=-1;Beg2, 2]:=-1; Filter Frane(l,f,3,3);
N End;
If (command_string<") Then
COPY PAGE(WORK_FRAME,DATA_FRAME)
Else
If (ReadKey=CR) Then
COPY_PAGE(WORK_FRAME,DATA_FRAME);,

SET_DISPLAY_PAGE(DATA_FRAME);
End;

Function Count_Bills: Real;
Var
X,y,i.j: Integer;
bills,ave,sum: Integer;
count: Array [0.. MAX_BILLS]} of Integer;
Begin
For i:=0 to MAX_BILLS do
countfi]:=0;
For x:=FILTER_SIZE div 2 to XMAX~(FILTER_SIZE div 2) do
Begin
bills:=0;
For y:=FILTER_SIZE div 2 to YMAX-~(FILTER_SIZE div 2) do
If (READ_POINT(x,y+1)>0) and (READ_POINT(x,y)~=0) Then
bills:=bills+1;
countfbills]:=count[bills}+1;
End;
CLEAR_VGA_SCREEN(0);
peak:=0;
ave:=0,
sum:=0;
For i:=0 to MAX_BILLS do
Begin
DRAW_LINE(i+, YMAX,i+i, YMAX-count{i}-1,64);
If (i mod 10)=0 Then
SET_POINT(i+, YMAX-1,255);

If countfi]>count[peak] Then
peak:=i;
ave:=ave-+i*countfi];



End; Procedure Line Detection Frane; WO 96/ 22553

PCT/ US96/ 00658 . 31 Var _f:
FilterMatrix; i,j: Integer; Begin f[0,0]:=-1; f[OI]:=-1; f[0,2].=-1;
fl1,0]:=2; f[I,1]:=2; f[1,2]:=2; f[2,0]:=-1; f[2,1]:=-1; f[2,2]:=-1;

Filter _Frame(l,f,3,3); End; Procedure H _Pass_Frame; Var f: Filter Mtrix;
i, j: Integer; BegWRIR¥SY :.=0; f[OQ 1]:=-1; f[0,2]:=0; f[2,0]:=FCIUSI6I00658
f[2,1]:=-1; f[2,2]:=0; FilterFrane(1,f,3,3); End; Procedure

Bill Detection_ Frane; Var f: Filter_Matr i3>5{; i,j: Integer; Begin

sum:=sum-+countfi];
End;
Count_Bills:=ave / sum;
End;

Var
frame_file: String;
s: Char;
i,j,k: integer;
peaks,bills: String;
command: Text;

Begin
command_index:=0;

If ParamCount=0 Then

Begin
Write('Frame File < BANKNOTE.PIC > :);
Readin(frame_file);
If frame_file="Then

frame_file:='BANKNOTE.PIC',

Write('Command String ? *);
ReadIn(command_string);

End

Else

Begin
Assign(command,ParamStxr(1));
Reset(command);
Readin(command,frame_file);
Readin(command,command_string);

End;

If command_string<>" Then
command_string[Length(command_string)+1]:='#,

If SET_MODEX(DISPLAY_MODE) = 0 Then
MESSAGE('Unable to SET_MODEX");

CLEAR_VGA_SCREEN(0);

Gray_Scale;

Display_Frame(FRAME_FILE,80);



flOQ:=-2; f[0Q1]:=-3; f[02]:=-2; f[l,Q:=-1; f[1,1]:=-1; f[l,2]:=-
fl-2,0]:=10; f[2,1]:=15; f[2 2]:=10; f[3,0]:=-1; f[3. 11:=-1; f[3.2]:=-1
f[Z0] =2, 114, 1] =3, 114,2].=-2 Filter Frame(10,f,5,3); End; Function

Sel ect _Process: Char; Var c: Char; nenu_line: Packéd Aray [1..40] of Char;

Begi n CopyPa 8 TAFRAIVE WORK FRANE) WD 96/ 22553
PCT/ US96/ 00% 8&2 32 PCT/US96/00658

SET_ACTI VE_PAGE( WORK_FRAME) ; SET_DI SPLAY PAGE( WORK_FRAME) ; i f
command_ Str| ng=" Then Begin menu_Jline:=" Neg Diff Cut-off X—cut Y-cut Bin

Hi - pass' Print_Str(menu_line, 40_%3 0, 255,0; menu_l i ne: = Snoot h shar P
Li ne- det cA -det blll-det #'; Print_Str(menu_line, 40,0, 8, 255 0);
c: =ReadKey; End El se Begi n comand_i ndex: =comand_i ndex+ 1;
c: =commuands:s8electgProgessand i ndex] ; If (c=#) O (c=' ) O (c=") O
(c=CR) TheWhileg<>ESC Do

Begin

Process_Frame(s);
s:=Select_Process;
End;

Str{Count_Bills: 10:5,bills);
Str(peak,peaks),
If ParamCount<>0 Then
Begin
Close(command);
Append(command);
Writeln{command, bills);
Wiriteln(command,peak);
.Close(command);
End
Else
s:=ReadKey;
MESSAGE(EZ_Money IS FINISHED: '+ peaks + ' bills counted.");
End.



End; If c="# Then c: =ESC, Sel ect _Process: =c;
SET_ACTI VE_PAGE( DATA FRAME) ; SET_DI SPLAY_PAGE( DATA_FRAME) .. End,;
Procedure Process_Frane(s: Char); Begin Case s of N ,'n : Negate Frane;

‘D ,'d : Dff_Frang; "C,'c': Cutoff_Franme(60); vy 'y"

Dynam c_Y_Cutof f &?’ § 45) ; "X, 'x': Dynam c_X_ Cut off Fr ame( y
'B','b': Bin_Frane %E@ 59; 'S ,'s': Sm)ot h_Fr ane; ‘P, p: Sharp mﬁ;ﬁl
'L', ‘1': Line_Detection_Frane; "H,"'h': Hi_Pass_Frarre; B I

Bi || _Detection_ Frane; " El se WD 96/ 22553

PCT/ US96/ 00658 36 33 Beep; End; | f

(command_string[err]") Then COPY_PAGE( WORK _FRAME, DATA FRANE) El se | f
(ReadKey=CR) Then

3
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COPY_PAGE( WORK_FRANE, DATA_FRAME) ; SET DI SPLAYPAGE( DATAFRAME) ; End;

Function CountBills: Real; Var x,vy,i.j: lnteger: billsave sum lnteger;

count: Array [0. MAX BILLS] of Integer; Begin For i:=0 to MAX BILLS do
count[i]: =0; For x:=FILTERSIZE div 2 to XMAX-(FILTER SIZE div 2) do

Begi n bills;=0: For y:=FILTER SIZE div 2 to YMAX-(FILT Ly 2) do
I f (READ P cy+l)>0) and (READ_PO NT(x,y)=0 Then ‘Eﬁ@géﬁﬂ | s+l ;
count[bills]:=count[bills]+1; End; CLEAR_VGA SCREEN( O ; peak: =0;

ave: =0; sum =0; For i:=0 to I\/AXB}?LLS do Begi n DRAW

LI NE(1T +i, YMAXi +i , YMAX-count[i]-1, 64); [f(i nod 10)=0 Then

SET_PO NT(i +i , YMAX- 1, 255) ; | f_count[i]>count[peak] Then eak: =i ;

ave: =ave COI% AN - A Complete Mode X Library

- Version 1.04 Release, 3 May 1993, By Matt Pritchard
: With considerable input from Michael Abrash

. The following information is donated to the public domain in
; the hopes that save other programmers much frustration.

; If you do use this code in a product, it would be nice if
; you include a line like "Mode X routines by Matt Pritchard"
; in the credits.

; All of this code is designed to be assembled with MASM 5.10a
; but TASM 3.0 could be used as well.

- The routines contained are designed for use in a MEDIUM model
; program. All Routines are FAR, and is assumed that a DGROUP
; data segment exists and that DS will point to it on entry.

. For all routines, the AX, BX, CX, DX, ES and FLAGS registers
; will not be preserved, while the DS, BP, SI and DI registers
; will be preserved.

; Unless specifically noted, All Parameters are assumed to be

; "PASSED BY VALUE". That is, the actual value is placed on
; the stack. When a reference is passed it is assumed to be

; a near pointer to a variable in the DGROUP segment.

; Routines that return a single 16-Bit integer value will
; return that value in the AX register.

; This code will *NOT* run on an 8086/8088 because 80286+
; specific instructions are used. If you have an 8088/86

; and VGA, you can buy an 80386-40 motherboard for about

; $160 and move into the 90's.

; This code is reasonably optimized: Most drawing loops have
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34 sum =sum+rcount[i]; __ End; Count Bills:=ave / sum End; Var frame
file: String; s: Char; ij,k: integer; peaksbills: String;, command: Text;
Begi n commandi ndex: =Q, |f ParanCount=0 Then Begin Wite('Frane File <
BANKNOTE. PIC > :'); Readl n(franme_file); If frane_file=" The

frame file: =" BAN 2B85% .  Wite(' Coomand String ? '); "PCTIUS96/00658
Readl n(command_string); End El se Begin  Assign(comrand, Parantt r (
1)); Reset (comand) ; Readl n(command, frage file);

Read| n( command, conmand_stri ng); End; | f"Ccommand _string[err]"™ Then
command_string[Length(command string)+ 1] :="#;  If

SET_MODEX( DI SPLAbempﬁEd onogand memmpry nogH a5 minigized by vopEX 1 )

CLEAR VGA SCREEN(kepping staffip regisiers; when possible.

Error Trapping varies by Routine. No Clipping is performed
; so the caller should verify that all coordinates are valid.

; Several Macros are used to simplify common 2 or 3 instruction
; sequences. Several Single letter Text Constants also
; simplify common assembler expressions like "WORD PTR".

Mode X Variations

; Mode # Screen Size Max Pages Aspect Ratio (X:Y)

360x240 3 Pages 1.125:1
360x480 1 Page 2.25:1

0 320x200 4 Pages 1.2:1
1 320x400 2 Pages 24:1
2 360x200 3 Pages 1.35:1
3 360x400 1 Page 2.7:1
4 320x240 3 Pages 1:1
5 320x480 1Page 2:.1.
6

7
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’
9
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?
]
.
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’
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?
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The Legal Stuff

; No warranty, either written or implied, is made as to
; the accuracy and usability of this code product. Use
; at your own risk. Batteries not included. Pepperoni
; and extra cheese available for an additional charge.

N The Author

; Matt Pritchard is a paid programmer who'd rather be

; writing games. He can be reached at: P.O. Box 140264,
; Irving, TX 75014 USA. Michael Abrash is a living

; god, who now works for Bill Gates (Microsoft).



Di spl ay_Frame( FRAVE_FI LE, 80) ; WD 96/ 22553
PCT/ US96/ 00658 35 s.-Select Process;.

WiiTe so[err] ESC Do Begin Process Frane(s); s:=SelectProcess; End;
Str(Count _Bills: 10:5,bills); Str(peak, peaks); [If ParamCount[err]0 Then
Begin d ose(command); Append(conmand); Witeln(comuand, bills):
VViteIn(coﬁHé “#pgak); . Cose(commmand); End Else S;:d&&jﬁ%@@“”‘
MESSAGE(' EZ Money IS FINISHED: '+ peaks + '"bills counted.); End.

. 39

CLAIMS

1. A method for counting banknotes comprising:

providing a stack of banknotes including at
least one surface defined by edges of the banknotes; and

counting the number of banknotes in the stack
using at least one optical sensor characterized in that
the mutual orientation of the banknotes is substantially
maintained relative to said at least one optical sensor,
the counting step including:

employing said at least one optical sensor for
generally simultaneously viewing at least two separate
columns along said at least one surface; and

receiving an output from said at least one
optical sensor and providing an output indication of a
number of banknotes in the stack.

2. Apparatus for counting stacked sheets defining
at least one surface defined by edges of the sheets, the
apparatus comprising:

at least one optical sensor for generally
simultaneously viewing at least two separate columns
along said at least one surface; and

image processing apparatus receiving an output
from said at least one optical sensor and providing an
output indication of a number of sheets in the stack.

3. Apparatus according to claim 2 wherein the
optical sensor.comprises a plurality of sensing elements
respectively viewing the plurality of side-by-side loca-
tions along the side of the stack.

4. Apparatus according to claim 2 wherein the
optical sensor has a two-dimensional field of view.
5. Apparatus according to claim 2 and also com—

I
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Conmpl ete Mode X Librar Version 1.04 Rel ease, 3 May 1993, B

Pritchard Wth ‘EBH@?’%& abl e input from M chael Abragh Theyf 1}&?’?’?658
information is donated to the public domain in t he hopes that save ot her
programers much frustration. If you do use this code in a product, it

woul d be nice if you include a line like "Mpde X routines by Mtt
Pritchard"

prising apparatus for varying the position of the stack
relative to the optical sensor.

6. Apparatus according to claim 5 wherein said
apparatus for varying comprises apparatus for moving the
stack.

7. Apparatus according to claim 2 wherein said

optical sensor is operative to repeatedly view at least
one location along the stack of objects.

8. A method for counting stacked objects compris-
ing:

viewing at least a portion of a side of a stack
of objects first at least thereafter under first illumi-
nation conditions and under second illumination condi-
tions; and

image processing apparatus receiving an output
from said optical sensor comprising a first image of at
least a portion of the stack under the first illumina-
tion conditions and a second image of at least a portion
of the stack under the second illumination conditions,
and operative to compare the two images and to provide an
output indication of a number of objects in the stack.

9. Apparatus for counting stacked objects compris-—
ing: .

at least one support for supporting at 1least
one stack of objects such that the mutual orientation of
the objects relative to the support is maintained;

at least one optical sensor disposed behind the
at least one support for viewing at least a portion of a
side of said at least one stack of objects through the
support; and

image processing apparatus receiving an output
from said optical sensor and providing an output indica-

A
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in the credits. Al'l of this code is designed to be assenbled with MASM
5.10a but TASM 3.0 could be used as well. __ _The routines contained are

desTgned Tor use in a MED UM nodel program All Routines are FAR, and is
assumed that a DGROUP  data segnent exists and that DS will point to it on

enty For all routines, the AX, BX, CX, DX, ES and FLA rﬁﬂs
will not beW@®82¥%ed, while the DS, BP, SI and DI regi st eigi ’B‘fﬁ?{ be
preserved. ) Unl ess specifically noted, Al Paraneters are assuned to

be "PASSED BY VALUE". That is, the actual value is placed on t he stack.
Wen a reference is passed it is assungg to be a near pointer to a
vari‘abl e in the DGROUP segment. ; Routines that return a single 16-Bit

i nt eger val wi || et t h e e This code

wi |1 *NOoT* ?gﬁnonog %%ég%gﬁgé%geggﬁée %gﬁéﬁgafyiﬁﬁgé %cﬁlnstructlons are
used. If yogthgke an 8088/ 86 and VG, you can buy an 80386-40 not herboard
for about ; S160 and nove into the 90's. This code is reasonably

optim zed: st draw h 1225 :
PCT/ US96/ 006583 Ripd % "qBoraing eo MBI Uhgreip e |
once and nesupportf &8 cheansparenti.ni mi zed by

11, Apparatus according to claim 9 wherein the
support has at least one window formed therein.

12. Apparatus according to claim 2 wherein said at
least one optical sensor comprises a plurality of optical
sensors each of which is operative to view a plurality of
locations along a side of a different stack.

13. Apparatus according to claim 2 wherein said at
least one optical sensor comprises a plurality of optical
sensors each of which is operative to view at least a
portion of a side of a different stack of objects.

14. Apparatus according to claim 2 and also com—
prising a plurality of light sources illuminating the
stacked objects.

15. Apparatus according to claim 9 and also com-
prising a plurality of light sources illuminating the
stacked objects.

16. Apparatus according to claim 2 and also com-
prising at least one support for supporting at least one
stack of objects and wherein the at least one optical
sensor is disposed behind the at least one support for
viewing at least a portion of a side of a stack of
objects through the support.

17. A method according to claim 8 wherein the stack
portion is viewed from the side.

ey



keepi ng stuff in registers when poseyble - Error Trapping varies by

Reutine. No Clipping is Qerforned 'so the'caller should verify that al
coordi nates are valid. Several Macros are used to sinplify conmon 2 or

3 instruction ; sequences Several Single letter Text Constants also ;
sinplify common assenbl er expressions like "WORD PTR'. ... TUisPEpI0gs X Nbde X
Vari ati ons WO/22553 e # Screen Size Max Pages Aspect RAFTG (L%

320 x 200 4 Pages 1.2:1 ;1 320 x400 2 Pages 2 4:1

360 x 200 3 Pages 1.35:1 -3 360 x 400 1 Page 2.7:1 4
320x240  3Pages 1:1 5 320 x 480 1 Page 2:1 6
360xX240 3Pages 1.125:1 7 BA®x480 1 Page 2.25:1 ;
------------- The Legal Staff ------------------ ; No warranty, either
witten or inplied, is nmade as to , the accuracy and usability of this
code product. Use ; at your own risk. Batteries not included. Pepperon

; and extra cheese available for an additional charge. ;

----------- S4----- meeeeee-ee-e---------- = Matt Pritchard is

?%9'; mmltlng ganes. He can be reached at:
o+ USAOQ chael Abrash is a living , god
oft) .

a paid progr r
P. 0. Box 140264\ ;
who now works f@
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39 QAN _1 A nmet hod for counting
banknot es conpri si ng: provi ding a stack of banknotes Tncraadrng at
| east one surface defined by edges of the banknotes; and counti ng

t he nunber oWwoygnatssptes in the stack using at |east one optical sensor
characterized in that the nutual orientation of the banknoPEHU$9/00658
substantially naintained relative to said at | east one optical sensor, the
counting step including: enpl oying said at | east one optica
sensor for generally sinultaneou@/ view ng at |east two separate col umms
al ong said at | east one surface; and recei ving an output from
said at | east one optical sensor and providing an output indication of a
nunber of banknotes in the stack. 2. Apparatus for counting stacked
sheets defining at | east one surface defined by edges of the sheets, the
appar at us conpri si ng: \ at | east one optical sensor for generally
simul taneously viewing at |east two separate columms al ong said at | east
one surface; and | mage processing apparatus receiving an out put
fromsaid at | east one optical sensor and providing an output indication of
a nunber of sheets in the stack. 3. Apparatus according to claim
2 wherein the o&} i cal sensor.conprises a plurality of sensi n% el enent s

A FIG. 2 B
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respectively viewng the plurality of side-by-side |oca- tions along the

side of the stack. 4, Apparatus according to claim_ 2 wherein
thé optical sensor has a two-di nensional field of view 5. Appar at us
according to claim2 and also com WO 96/ 22553

PCT/ US96/ 0 40 prising_a aratus for
varyi ng thg&(ggaﬁzf‘?on of the stack relative to the opti cX &8’
Apparatus according to claim5 wherein said apparatus for varylng

conprises apparatus for noving the s K. 7. Appar at us. accordi ng
to claim2 wherein said optical se is operative to repeatedly view at
| east one | ocation along the stack of objects. 8. A net hod for

- counting stacked objects conpi+S- 1Nng. viewi ng at |east a
portion of a side of a stack obj®alys firgt at least thereafter under
first illum- nation conditio and under _gecond illumnation condi-

tions; and

A 4
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| mage processing apparatus receiving an output from said optical sensor
conprising a first image of at least a portion of the stack under the

first _1r1rumna- tiron conditrons and a second i nage of at |east a portion
of the stack under the second illum nation conditions, and operative to
corrpare the two i mages and to provide an output indication of a nunber of
obj ects in W2 9. Appar atus for counting SRFYSEOW ect s
conpris- ing: - at least one support for supporting at |east one
stack of obj ects such that the nmutual orientation of the objects relative
to the suppe e nt ai ned; at | east one optical sensor

di sposed at Ieast one supﬁe{rst for viewng at |east a portion of
a side o U*ngéﬂi‘ | east one stack of objects through the support; and
i mage processi nl apparatus receiving an output fromsaid optical sensor
and providing an out put i ndica- WD 96/ 22553

PCT/ US96/ 00658 41 tion of the nunber of

sai d objects i@sal'd at [east” one stack. TU. Appar at us _accor ding
to claim?9 whelrei n the support is transparent.

| Operation N:

Get the next Negative image .
cperation Operation D:
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Operation C:
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Operation Y:
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Dynamic cut-off along X

Select | Operation B:
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11. Apparatus according to claim9 wherein the support has at
| east one wi ndow forned therein. 12. Apparatus _according to claim?2

wherein said at |east one optical sensor conprises a plurality of optical
sensors each of which is operative to view a plurality of l|ocations along a
side of a %{,tﬁa’gw‘t st ack. 13. Appar at us accordi ng “1%2
wherein said [ Teast one optical sensor conprises a plura opti cal
sensors each of which is operative to view at | east a portion of a side of
a different stack of objects. 14.5/6 Apparatus according to claim?2
and_ also com prising a pluga Qb I'roht sources illum nating the

st acked obj ects. 15. ' rding to claim9 and also com
pri si ng a plurality of |ight nating the stacked objects.

16. Apparatus according to cl eit m2 and also com prising at |east
one support for supporting at | east lgne stack of obj ects and wherein the at
| east one optical sensor is dispos ﬂ o8 ene support for
viewing at least a portion of a sidg of a stack of Obj ect s| t hrough the
support. 17. A nmet hod accordifng to claim8 wherein [he stack portion
is viewed fromthe side. Move to the
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