2160644 " PRODUCTI ON OF AN | MAGE MODEL AND | NSPECTI ON OF A PI XEL
REPRESENTATI ON OF AN | MAGE 5 FI ELD OF THE | NVENTI ON The present .CZE;
invention relates to the inspection of inmages and the production of spec
representations of inages. One aspect of the 10 invention relates to
the inspection of an imge pixel for tol erable correspond deﬁ?@@g mast er

i mage pi xel represented in special formand hnre particularly co ns the
exam nation of an image, particularly the imge of a docunment or object as

15 representeq, .l | o testli of e, .l | xel erived
fromthe docunent g'ﬁWO&MM%tM@EIE h@h?n %Pé}&ngérﬂs t he
production of an i IRIRELMRENRESENTATEON «OF i AN SIMAGE' form of an i mage,
particularly of a docunent or object Intended to be 20. - used as a
mast er agai nst- which a | arge nunber of docunents or objects are to be
conpar ed fo® acceptRIELD tOF THEACKNVENTEONect of the invention concerns the
testi ng ofedocuments or obj ects using a special inmage nodel of a master

‘image and a further 25 aspect of the invention concerns apparatus for
perform ng such testing. . Trhe ipresenbnineentiomdeelatebectpathecul arly

Sy e sun s RS 4€ iadfe 00 nohd 5 RCEEU e fpatieed ke
security docunent s TeRkeshitatd Qredf oimagrs i nspre i d¥PeRt sHethe general |y,
i rrespectiyg of thgVeaRawe 1AL Bie | INOPpEBEI AN O dNCimdgeipixdie
I nvention is also | i cabl e to the exam nation of, for exanple,
t wo- di mensi onal ir&;&s tRlegable conrgspoRdeRce;whth)a Pagtsy | Lpage
cquponents. BACHG@INTelfrelsdntiddVEiW | SPecial form and more
particularly concerns the examination of an image,
particularly the image of a document or object as
15 represented in pixel form, and testing of the image
pixels derived from the document or object.  Another
aspect of the invention concerns the production of an
image model, represented in signal form, of an image,
particularly of a document or object intended to be
20 used as a master against which a large number of
documents or objects are to be compared for
acceptability. Another aspect of the invention.
concerns the testing of documents or objects using a
special image model of a master image and a further
aspect of the invention concerns apparatus for
.performing such testing. The invention is intended
to be particularly suitable, though not confined to,
the examination by machine of sheet-like objects such
as printed documents, for example bank-notes or
30 security documents, and may be used for the
inspection of sheets generally, irrespective of the
‘presence or absence of information on the sheets.
The invention is also applicable to the examination
of, for example, two-dimensional images of
35 (three-dimensional) industrial components.




Al t hough, as just previously nentioned, the invention is not inits broad
aspect necessarily confined to the exam nation of bank-notes, it is 5
convenignt to outline the problens giving rise to e present invention wth
resﬂ?§n>to that particular application of the invention, since the existing
pro.“% 5 which the present invention is intended to solve or at |east
alleviate are particularly acute in 10 © Z ‘relation to bank-notes.
Bank-notes are printed by a variety of printing processes which are
necessarily co e - €S,.ar essarily exactly the sane yet

t he inplenenta?ﬁbnﬁgﬂﬁﬁi ' N bility may 15 vary
according to the individutltkeaghpeas juSui pgevdoulsdy meartdonedgrithei ons of

printing processgs, it.is,.as wlk _be further | ai_n ereinafter,
particularly dif 9%5”%1?Q)h%cﬂ§kiig ?ﬁa B?Sggs§§§F%§X§§F§§F§5ﬁagmﬁng to the
difficulty of foromffimedgtantke examinbsdbut ofcbankr-noteésf, ddcdst ability of
a bank-no¢ e usi : e t n e ols S 32Q0 t cgﬂﬁtitute
a perfec?g speci %ﬁn‘t&hﬁﬁ;?gé aﬁ?ggsgeﬁie‘reaPkgngP%nﬁls%lgge%\?grei gtoi on even
over the area ofpresemk-hevention witherpspest &epébﬁébPBFEyFUIanr 25
exanpl e, what ”%ﬁ’?ié@ﬁf&ﬂ?&ftQhéeﬁﬂﬁéﬁﬁﬁg&%‘bbﬂin& We eRkdisting’ a

bank-note may be ‘acceptabl e 1 n apother. ne conveni ent .exanpl € is that a
particul ar inper?%&k1%ﬂ§d%¥h?hiﬁgeiHrFﬁénFaéGVSPté°He&&'GPtSPQFé &© ot her
person representssh vé ér 38t leasaaliieeiaténurecparndeul ardy agatecdnas
unacceptabl e mhere€€ an ipgeﬁfeﬁtion of the sane order of nagnitude but
occurri in sont®hbHiRD g BRKGPOLRS - hank- not e may be regarded as an
acceptabl e i nperfecti on. Baitkenodeisagairenprindedr byeca omardfet3ys of

accept abi |ty e gl SEnPoGHOCLRSEE! BhiER hie hdLeSKANG Colbia.

conponent s of

Bank-notes are not necessarily exactly the same yet
" the implementation of the limits of acceptability may

15 vary according to the individual examiner. Owing to
the inherent variations of printing processes, it is,
as will be further explained hereinafter,
particularly difficult to mechanise the process of
examination owing to the difficulty of £ormu1ating-an

20 absolute criterion of acceptability of a bank-note
using, for example, a master note which is agreed to
constitute a perfect specimen. Another quite
general problem is the variation even over the area
of a bank-note of a criterion of acceptability. For

25 - example, what may be reckoned to be unacceptable in
one region of a bank-note may be acceptable in
another. - One convenient example is that a
particular imperfection dccurring in the face of a
Head of State or other person represented on a

30 bank-note may reasonably be regarded as unacceptable
whereas an imperfection of the same order of _
magnitude but occurring in some border region of the
bank-note may be regarded as an acceptable
imperfection. The variation in a criterion of

35 acceptability may also occur in relation to, for
example, industrial components of which particular



-3- dinensions nust be made to a snaller tolerance than is acceptable in
-other dinensions. A further difficulty in the devel opnent of a machine
techni que for the exam nation of bank-notes lies in the variability 2 the
medi a which are used for their production. The paper may shrink o -
stretch and the printing nedium for exanple ink, may vary in consis

or density. Al'l these factors produce nrndr variations which may in
general be 10 tolerable to the hunan eye, dependi ng on where they
occur, but represent severe difficulties in the devel opnent of a technique
for examination of dABeRAKORSLBUBY hetBadei tondafBallerntotasanre shaphich

the foregoing are paraceep @ibgéaﬂﬁ|eﬁheffdgmgﬁghbﬂg 15 i s capable, as
has been thought necessary r €eso ng the fi,nest detail i.n the
bank-note then the nore proR E tﬁgftglfﬁécphxycgp GﬁeoFeY epPReRt; 8f 2ven
when i nper fection n3chbherabthn1ahesfovatheuexpm@bhenenaoe bankrhooesd if

Bonk-not oo St i abibP, TRNEnbovERPATIRY BRCRRCneALE IRARHTREE, fbnd..

"on-1ine" manner, fbattheiropsaéumhéonthe &hanpaperomanfshrbnhkonote isto

be performed “‘th'?t}9€ Hﬁd'@h@ré?knP?hgeﬁBdPﬂﬁ 2?or g??fée?hﬁt'ﬂ?yOf

successi ve bank-notes a sone sta e of ereo
The i nformation conﬁﬁﬁtlbfCanbaakengYeoﬁxdnﬂﬁQQYbo aﬁiéa§bﬂablﬁa§§grée of

resolution is VergEBﬂﬁtéeﬁﬁhb? 99?15@?06§Vﬁh925985 Oina GBSPhTebEeCh“'que
for the 30 -notes for Qgcce IS na

m nat n
difficult % the vEP}eﬁﬁé |HPOF§ﬁtPBﬁaFaF¥eat fRE ﬁlﬁgnﬁﬂhwhﬁrﬁu§ﬁ38perate
if it is to be usedccan;! bae" repbesent severe difficulties in the

development of a technique for examination of a

bank-note by automatic means.. In general, of which

the foregoing are particular examples, if a machine
15 is capable, as has been thought necessary hitherto,

" of resolving the finest detail in the bank-note then
the more prone it is to the indication of
imperfection even when imperfection is tolerable.

These various problems are accentuated if
20 any attempt is made to examine by machine a large
number of bank-notes individually and in particular
in which is usually termed an "“on-line" manner, that
is to say when the examination of a bank-note is to
be performed within the time interval between the
25 presentation of successive bank-notes at some stage
' in the cycle of production thereof. The information
content of a bank-note examined to a reasonable
degree of resolution is very considerable and the
development of a machine technique for the
30 examination of bank-notes for acceptability is made
difficult by the very high information rate at which
a machine must operate if it is to be used "on-line".

ey

35



-4- BRI EF SUMVARY OF THE PRI OR ART One technique for detecting, for

exanple, printing flaws on a printed sheet by conparison with a reférenqe
sheet«is to develop fromthe reference 5 sheet a representation in the
formgR\pi xel s, for exanple by controlled scanning of the reference sheet
and t can the printed sheet simlarly to,develop a like plurality of
pi:xel s so that each docunent pixel can be %onpared w th each reference
sheet pixel. 10 However , such a technique (exenplified by GB-PS
834125) will suffg . ik | 57 Spfoted in the foregoing.

Eur opean Patent AsH F—Ne—B054 ¢+oses an apparatus for
detection of flaws in 15 One txnhnﬁﬂgerﬁnmrﬂptnttluge feglexemphe;nages
Optical nmeans sc t

representative o(fwta paﬁﬁ ‘?spéf}%c %fﬂﬁé’%]@.%ﬁ%ﬁr%y gggélﬁl‘?ﬁgbof t he
test note.. Gener&atiQngm shert dks atodevelep 6romutbat§e€a§m@

representgtive ofg wralféwésmmmlm aie o OAh LOEUp PRe BEANEbF REFOf 2
ref erence note mhl qugerated !{g eal time as_the test{ note is, scanned.

The generating m&ﬁﬁﬂn %ﬁﬁﬂﬂkﬂ&rﬁ@ thenre ﬁé?%f%dsh%ﬂﬁrence
patch value is pragg desl d@in 26he pristedshedon imildHEy CO6'@60OTSHE patch

val ue of the test, note. re erene pat c | ue j s,genera any
val ue of nlsremfﬁikﬁ Qﬁpfifﬁgé *ﬁf%liﬁ thﬁggﬁgchnégF“mﬁntr%hﬁf rm ned
t ol erance. Howsaaat hemdbmmrpawntluseadqweﬁsrmq gheat pbxplii ng power

of i srodbatr at APV a0n 1 19TE Fobs IR Fhe Y SXEmERIRIAAT b 6BLPSC (T2ES

are described in &412%h W%lbnsuﬁﬁetlftGMIahhsthbsdlﬂﬁﬁéﬁbﬂieiom@oea W
2035549, 2035551.fﬁukﬁg1¥%¥ghgqﬁb French Patent Specification No.
2349862.

European Patent Appllcat1on No. 0084137
_ discloses an apparatus for detection of flaws in
15 currency having multiple registered images. Optical
means scan a test note to prdvide a plurality of
outputs each representative of a particular patch
value of a particular scan line of the test note.
Generating means provide a plurality of outputs each
20 representative of a particular patch value of a
particular scan line of a reference note which is
_generated in real time as the test note is scanned.
‘The generating means includes means to ensure that
each generated reference patch value is provided for
25 comparison with the corresponding patch value of the
test note. Each reference patch value is generated
for any value of misregistration between the multiple
images within a predetermined tolerance.  However
such an apparatus requires very great computing power
30 and is unnecessarily complicated by the computation
of the degree of misregistration of multiple images.

. Other proposals for testing images are
described in British Patent Specifications Nos.
1575607, 2038063, 2035549, 2035551 and 2105030 and

35 French Patent Specification No. 2349862.
It may conveniently be mentioned at the



It may conveniently be nentioned at the present stage that the scanning
of a sheet 'or docunent to produce a pixel representation thereof for 7%
conparison with a pixel representation of a master sheet or docunent is

rendered conplex by the 5 practical inpossibility of ensuring that 3
every docunent is presented in exactly the sane manner to a scanning
instrument and in general there will be atranstation error and a skew
error in the scanned i mage. However, nethods exist in conmputer graphic 10

techni ques for resolvin both ki nds of error and t he present invention is
not therefore conc®¥Sf &g’ﬂén iac #&et &thni que for
curing translation de:rcrnmrerw tsnkwoelnrcer a 1t:d1ﬂ SEPYY et taft idnd ahereuf or

i mge. The afore tiQ PS_2Q35551 .15 descr one. f orm of
skew correction sy %qu%? g'bl%‘ é’lxeéUI\ﬁW\Fsﬁgt'F&é 'ﬁ\l\?eé‘l\l'ﬁ ON At the
heart of previous m;smmctséreetto orhd qoumeintmicd reqaleTiedy mphmgdayf athe

accept abi Te«fy havi s e shoul d.
5 consf%er t hfé{,%&g%ﬁi i é)%srgﬁ)tﬁ egg?&gnedlssc%{r}giléd aatth ef"%gct of
aberrations rel ati documend c;s priesented irhexsatily dthe lsaner ewamer e i on

I th d fg d
les in the idea o 5.%'?{3{:1 ﬁmeraddn%e Jhet SR VT e"‘"i&tcl{]l G gProvi de

a tolerance in acce tte roximating to ‘fplled
by the human eye aﬁganslatlon error and a skew error in the scanne

image. However, methods exist in computer graphic
10 techniques for resolving both kinds of error and the
s - - present invention is not therefore concerned with or
dependent on any particular technique for curing
translation error or skew error in the scanning of a
document or image. The aforementioned GB-PS 2035551
15 describes one form of skew correction system.
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whi ch can be varied at will to provide acceptability criterian which can
vary over a given imge. One aspect of the present invention concerns the
f@repRration of a nodel of a master inmage in 15 signal form and,
bro§ply speaking, the present invention provides, according to this aspect
of the invention, a nethod of representing, in signal form a given 'pixel
of an image, conposed of a nmultiplicity of pixels, conprising defining a

matri x conposed of a 20 multiplicity of pixels in the nei ghbourhood of
the said given pi : {Nd¥n 'Eg ' signal val ue when all said
multiplicity of - val ue (which nay be a grey scale

val ue) within a predeter thethe ceartfobrpyevieus appneachesdtasthe

provi ding a sec ' V, : ts t e L fl: 9F xel a

bri ght ness val u%@s%géﬂ h%a or rE'ln i%*l%@érgﬁg@.aege?ﬁégﬁieﬁ ?ﬁpgﬁﬁerm ts
the testing of t¥RgaNd gin resmastencimage el theeidpaxthatnonesshouddent!y
scanned igrage f Qfo i d &S PAHEHESLSP image Yhs NprP ééeﬁﬁﬂbgg?i&é?%@f

bri ght ness val ues_comon_tg a respective matrT x of pixe Ined in the
nei ghbour hood ofeffemkief abepeations relativentherete:ng Howeveggaj nst

pixel.  As w|letheoudi Qroprehd prosenrtr ihfénexoharadésoinhehei fdehhere is
a 35 consi de %age degr ee of choi ce, whi ch_,can be exertﬁd ﬁver t he
extent and confiQuraRSTHALINE 1R R3¢ Lhage 1R a, mapper Whlgh Cafkseqd to

represent a gi veprgvidd @ntb beranddcinangeeptabilybynbestenl ues which is
celectedd or SsoRa AR, LECHIEL MinLoBllS) Boy noRd BEESNR ©
practice, since whicistean ibagearbedoaposilll otoapruvidel acceptabipitels, \/
this aspect of criterian which can vary over a given image.
One aspect of the present invention concerns
the preparation of a model of a master image in
15 signal form and, broadly speaking, the present
invention provides, acéording to this aspect of the
invention, a method of representing, in signal form,
a given pixel of an image, composed of a multiplicity
of pixels, comprising defining a matrix composed of a
20 multiplicity of pixels in the neighbourhood of the
said given pixel; providing a first signal value when
all said multiplicity of pixels have a brightness
value (which may be a grey scale value) within a o
predetermined range of brightness values; and
25 providing a second signal value when at least one of
said pixels has a brightness value outside the
aforementioned range. In effect this permits the
testing of the brightness value of a selected pixel
in a subsequently scanned image for correspondence
30 with a predetermined range of brightness values
common to a respective matrix of pixels defined in
the neighbourhood of a master image pixel rather than
testing pixel against pixel. As will become
apparent from further explanation herein, there is a
35 considerable degree of choice which can be exerted -
over the extent and configuration of the matrix of



the-present invention envisages performing the aforenmentioned nmethod so as

t-0 obtajn an array of 10 signals (preferably binary) val ues eacaéfj .
representing the (binary) value of the matrix defined for a respecti oy
pi xel . It will be appreciated that the term"array" is prinmarily intended

to mean a set of values which can be arranged ¥n-appropriately ordered 15
form one advantage of this formof representation is the ease with which
it can be stored and, as wi |l be seen hereinafter, a particular convenience
in a preferred naRA&elsr whigh disngised ctnEePTasgBt Ar 8i¥enbpi xedhiandaspect

of the invention gQer the Hanyfiesof Nor POV Eh 98ERR1AEs awhl thalilst % edfe AddYS

of binary values in respect, of, the sgame pixel matrices, wherein the binary
val ues are det er ntREd 3S$osi@tign N2 ¢ UBEERXvREORAXEASa pI TS ty of
di fferent ranges permiitghtaneaonsidercable degredi 6§ vartiBlitiodSin an nanner

of represegtation_of [ such, as. an i mage of a master docunment, there
i s defi nedsior ea@%cﬁﬁggﬂgiﬁiﬁrqrjk)r}RQEIs I n the nei ghbour hood t her eof

and the af orementioned arr dyns praot ee , i sin€écat mastdrgimalgewdsd of which
the bits which ar ' I nveni.ent |

indicate that all %Pﬁ&”%i%?eﬁ’? i?n ‘hlg?{oglfﬁieg&né?rﬁxg\g/é gﬂil htar%??t\/ﬁﬁjes
within the sane r&bgepriesentadiqy et inn gerviésagesal pesformingathebits t hat

are of the other Bifsteherdithddnd d246 hbato bBEalifican®aReal b ange
of 35 bri ght ness valwgf, t | east one pbxe In the respecti've matrix
t

has a bridftness PdERdlsutlpreianahly bimaryj)aigiues eagh s4pmesiendiing a
.master image is reRecYdinRtyPivAidedf Yty nhtriki aBEIRsa Fdrua but by a
form of representati Oréc 1|vceh cie{elﬂes, i{l stcLé g r_eglccgg, e%f tc:oantr | I abl e
extent, of tol erabf&P P PPT t hat the
term "array'" is primarily intended to mean a set of
values which can be arranged in appropriately ordered
15 ~ form; one advantage of this form of representation is
the ease with which it can be stored and, as will be
seen hereinafter, a particular convenience in a
preferred manner of examining a scanned image.
Prefefably, this aspect of the invention
20 includes the development of a plurality of arrays of
binary values in respect of the same pixel matrices,
wherein the binary values are determined in each
array by a respective one of a plurality of different
\i ranges of brightness values. According to this
25 ~ manner of representation of an image, such as an
image of a master document, there is_defined for each
pixel a matrix of pixels in the neighbourhood thereof
and the aforementioned arrays provide, in effect, a
digital word of which the bits which are of one
30 particular value (conveniently 1) indicate that all
the pixels in the defined matrix have brightness
' values within the same respective range of brightness
values; the data bits that are of the other binary
value (0) indicate that, for the respective range of
35 brightness values, at least one pixel in the
respective matrix has a brightness value outside that



5 variation of a pixel in terns of position or brightness relative to

a non'nally correspondi ng master pixel. The benefits of such a
rep 1-ntat|on are particularly obtained if the various ranges of
br ness val ues extend, in conbination, over a 10 whol e range of

brlghtness values froma defined zero to a defined maxi rum such as’fromO
to binary 255 of a grey scale as normakl § expressed in 8-bit binary digital
form and it is also advantageous to all ow each range to overlap a

nei ghbouring range or ranges, 15 but such is not essential to the

i nvention in |tlsalm&)ades'fhﬂ%rmckhblﬂel'ellbpﬁeﬁﬂsﬁﬁrt ABagegdsl nodel of a

master imge ne@&bf@éeﬁe?&' §€tai)feeeﬂ§199dﬁ9 Brihﬁﬂh@s%t 94%ue but

particul ar the prioces I ni trix reiterated
at | east once UBY ry f?@ﬂs%ﬁer%PrﬁsﬁpF?EieﬁtWHéFﬁ PFEaﬂeéﬁ H@l@%gﬁﬁﬁhood to

de[I ve a ]fl nalt @rff’gf thsbﬂn%\llmVﬁb!lEﬁble Uhtem‘.eroft helesudlsal of ‘the ]
matri x definition (Sso a " Vi Ce ver sa)4m e
usef ul g% Y?F%%ﬁh°%|?%uﬁBPéﬁElen gEﬁmﬁ gg088315F°§u8§equent g

reiteration eacdbrightnessuyebatieéi bedawnoninedpyccorrespgndimgof the

Joriginal mmsteryd SPge plyels: ThfePhOHUESkano” sten HRGRpFIE Gt BaTRS! o

i mge or documeh e nahner “previ ous according to
the invention nmvebparandulargnneb&alnsdlﬂﬁek?etaaﬁéoué gemggsaifvel y tine

consumi ng proce?ﬁe§ﬂgﬁe§§'§alﬁe9fe99eﬂagaﬁn' ﬁbﬁﬁﬁ%@ohf1o%%r'% usual , the

representation roduced i s used as mast ér for testing a
very griht nunbehobe b%¥&€t°§5 rlghtpﬁﬁgegaéﬁﬁstﬁépﬂbﬁ defined 2eI0 ng of a
very |arge nunbgg Qfdefi)ﬁe&xﬁﬂiﬂuml,)rbﬂEﬁdado‘fﬂiﬁxﬂfos taodinairya 255 of - U/

resuned standard or mast docunen
P a grey scafe as normally expressed in 8-bit binary

digital form, and it is also advantageous to allow |
each range to overiap a heighbouring range or ranges,
15 ~ but such is not essential to the invention in its |
broadest form. |
| The development of the s1gna1 model of a
laster 1mage need not be direct or confined to a
~single stage. In particular the process of defining
20 . a pixel matrix may be reiterated at leest_once using
| the same or a different definition of neighbourhood
to defite a final array of signal values.  Moreover,
the reversal of the matrix definition (so that
_- "black" becomes "white'" and vice versa) may be useful
25 in some circumstances. In a second or subsequent
reiteration each matrix may be defined with respect
to a group of the original master image pixels.
The product1on of an image model of a master
image_or document in the manner previously set forth
30 according to the invention may be, and in general is
likeiy to be, a comparatively time consuming process,
but this is of'no great importance if, as is usual,
the representatlon thereby produced is to be used as
a master for testing a very great number of object
35 images and thereby for the testlng of a very large
‘number of, for example, printed documents against a



The significance of this aspect of the invention lies not in conparing a
pi xel value'with the value of a master pixel or conbination of master piLxel
val ues but in the conparison of the value of a selected pixel with a
predeterm ned fange of values commpbn to a respective matrix of pixels
defined in*the nei ghbourhood of one or a group of the nmaster inmage pixels.
For the testing of a conplete i mge 10 - Sr <docunent, the testing of
each individual pixel my be repeated for each of a multiplicity of pixels

in a. scanned i mage and providiggﬂ§ignal i.ndi cati ons of the occasions of
non- cor r espondence PEE Suled, standard; ore Sast eTnd@cumenti. with the range with

which it is 15 . conparedhe SigfiFidihce WF RHIG ATy IRl 2

sel ected pixel is tested, pref.erab si mul tanequsly, with each of a
plurality of r angeé“UF“ﬁr‘i°S'hSﬂ§§s ’\Pél Jd&s COTPRIH NEo & Wéxregsr)'@c]NQ/é”rFé{ rix.

It W: Il be noted thgreb\ﬁaelm_, o_zESaFrm\s't?tsl t:):_mntdxor&:isbiem_o&ﬁ of éuasr&&-t er
pi xel is ragresente a_qdigit wQr i nary .val ues. whi ch i.ndicgte
whet her al\lagt he pi Gl r‘{aﬂﬁgsr g’éﬁe@l"i \Fg‘enﬁPHBFX‘fléﬂn \ﬂsft \klﬁi‘ﬁ YR Y& &ive
range of bright nesselelcted gixedt witthe adipyieidet exariochedanrang el valywsOVvi de
ating for sinulta 2 .50 f st he dri.qhtine x Qf a

gi xel gagai nst the g%%#%gr ?gt & rﬁ?lgﬁnl pq{lﬁt ;"agfué‘r ?’ghtpr%gsésﬂ’r ?ﬁefeﬁ?eﬁ}ﬁ%
permits in fact th&heomelighdouridody off omesommegrionpyefpithe master i n real
time and thus, proyj 1e2S I’ r I [ )

ind3¢ ﬁigaas%_ For fh%”tte)é.tﬁgés.df' G ot te”‘ts"iﬂ?“%g he

can be scanned sufficien rapidly, the ensuing circuitry

pi xel val ud@ can r 8XddoFuBent,, theeteastingeoft €ash dndiniidual pixelo mayat

thg_nethod of test bRy repeptedd forr RatlCHE @OMATIPILilE the oSPiddd's in a
"on-line" examnation at ;the rate of 35 , .. roducti on ‘of the objectilsuch
as bank-notes or otk@Pngd. ipages and prov1d1néjs1gna1 indications of the

occasions of non-correspondence of the value of a
tested image pixel with the range with which it is

15 compared. Preferably the brightness value of a |
selected pixel is tested, preferably simultaneously,
with each of a plurality of ranges of brightness
values common to the respective matrix. It will be
noted that where, as previously mentioned, each

20 master pixel is represented by a digital word of
binary values which indicate whether all the pixels
in the respective matrix fall within the respective
range of brightness values or not, the digital word
can be used to provide gating for simultaneous

25 comparison of the brightness value of a pixel against
the appropriate multiplicity of brightness ranges.
This permits in fact the complete testing of a
scanned image pixel value in real time and thus,
provided that, as is currently possible, a document

30 can be scanned sufficiently rapidly, the ensuing
circuitry for testing the pixel values can readily be
arranged to operate at a similar rate so that the
method of testing proposed herein can conveniently be
used for '"on-line'" examination at the rate of

35 production of the objects such as bank-notes or other
documents,



- 10 However, the method of testing proposed herein is of nore general
utility , since irrespective of its applicability in such "on-1ine" .
gxangnati on, the nmethod of testing enploying the particular formsS. of
rep?%?entation of the master image or docunent substantially alleviates the
di ffTculties generally noted previously herein. 10 15 20 2S 30 35 ° BRI EF
DESCRI PTION OF THE DRAWNGS Figure 1 is chematic representation of the
scanning of a web of printed natter Figure 2 illustrates a typical nethod
of illum nation of the i X tory diagram show ng a
target pixel in a nei ghﬁ%&%oo ’of p| @qé{]‘"ﬁ ‘g{'atéegs%ﬁ Zﬁf%ﬁ%lsﬁ% illustrate
vari ous forns ofheueds isatofi measgquejraismtnhtt)h,e q:mmmrﬂé]spectwe
invention; Figurg §]st lg lq:taqﬁ tq,lr Iﬁk(p'u' t‘ogﬁ/_pﬂ[%m &n Set of
ica

arrays of matrix val ues; ure ustrates sche y an apphratus
for the scanni ngf%@qté‘:ﬂd N% diest ing emplopsing theipartsnulam £9rmg a
speci al rsepr eseryatye edfent ST o HONE RH s L Siﬂ?éu Jxorcm UnéRi 8%

illustrates a detail "of a_.conparison circuit cons ting epreferred
enbodi nent of a MRSV RIdavdates (the Aiff 135 generally

noted previously herein.
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20 shown in Figure 6; and Figure 8 is a flowdiagramillustrating a
preferred nethod of testing. 2S 30 35 - 12 - DESCRI PTI ON OF A PREFERRER)
EMBODI MENT Figure 1 illustrates, by way of exanple only, a sheet éﬁ:y
constituted by a continuous web 1 on which, nornmally at closely spaced
intervals,.is S printed a nultlpI|C|ty of docunments, for exanple,
bank-notes. So far as the present inventidd concerns the testing of bank
notes, it would normally be perfornmed at a |late stage in the production
process after the bank-notes have been printed but_ 10 before they are
separated from eac D i D n web of paper on

which they are printed. HQ‘/iEqiﬁfe ptikera t:ﬂiﬂ'dilm toé RSl efdPv ©. .
asi b

as separate sheets) .are fe The as nornally at high
speed, 15 r ourfi®; SRS "%fn(f \ﬁél ’Etceéﬁ t8%hg a transverse
region -4 by, means of a I|rmeEmgur&xnnrkiditndteﬁ1annyﬁxtaﬁ mextvod foff m I n

general , alghough i, rmaéy e_ of the invention a tel evision
o i R0 e,

canera or arn appro r hereof may 20 be used for
scanning a docunent to pr ovmnunaef t3er1qoraaf aﬁ:ilqnaﬂsogdmgmms}mwﬁng a

conversion of the l.e ﬁﬁyﬁg £presentation
of the docunent qul%ﬂlﬁ g%:anne da ‘ﬂe'iiréﬂ) canera scann%’n at a
television ratée is far 25 Flguw 54&)\N43)rand1e4(brle¥bl$@tﬁ%evaﬁm%

present invention gy mﬂfbﬁ&qe%éﬂméscaﬁ C;?ﬂﬁs&swuixﬂ Hife Usfdsent
10 1nventzon-
L Figure 5 illustrates, for explanatory
purposes only, a set of arrays of matrix values;
Figure 6 illustrates schematically an
apparatus for the scanning and testing of a printed
15 document employing a special representation of a
master document in signal form; ' '
Figure 7 illustrates a detail of a
comparison circuit constituting the preferred
embodiment of a discrepancy detector in the apparatus

20 shown in Figure 6; and
Figure 8 is a flow diagram illustrating a
preferred method of testing.

25
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35



It is, normally, necessary to provide appropriate synchronisation of the

scanning by the 30 canera with the transport of the web 1 and:for thIS
Qur e the apparatus shown in Figure.1 includes a shaft encoder 6
pro ing informati on on the instantaneous circunferential position of the

roller 1 to a synchronisation control uniL Since the 35 contro
of aline scan in this way is a known tec %iqﬁe, and the particular method
enpl oyed i s not critical to the present invention, it will not be

described furth LSt by way of exanple a
preferred illum S amﬁﬁgﬁi&ﬁhﬁ the illum nation

preferably consists of IahmﬁuﬁeahdlﬂlwqunttysLabyrﬁhyyoﬂleﬁhnpeé fron1a

o ecumg Cnat ot Bolet bR ELLP0ECY B 41 EohPrndhed wibot b 26 1o

as testing is combﬁchmxhatmallneaScahosahnrapacedthnte:camsungsneans can

d t
YL oF 5 oPr P oBRiAtedTs Al LEpPEEEP GERYERIERYD, | PR SKBlONE
val ue (i.e. reflkeankmetesiensile romethpapan@cat mnvenmpnxen

correspondi ng t0téﬁhé¥ﬁi“¥ﬁé”ﬁb§%fﬁyr€fa% £fk Chot &8, SQQ”GSQIHOBB?EQiI

Preferably, though not_essepti al ght ness’val'ue i s_expresset in
the formof a dléktEﬁr@RﬁﬂFQﬁaﬁl@hia%ﬁt%tagﬁ inathenproductionyi xe| val ue

is expressed in p f%é%%éﬁaﬁtﬂfeﬂhéC@dﬁkexéﬁéglHﬂvérﬁébﬁe eantearsaentlng 1
b oht nekt val uciefare VR ALS tEPREREEE £TORr ERER, BaBer BY 8BE i gure 3
i s considered, |sevmwuﬁﬁiof théecomsomweweb hof papest on ﬁhiuhemheythﬁé is tQ,
say a printed. However, other techniques of presentation

(e.g. as separate sheets) are feasible.

_ The web 1 is.passed, normally at high speed,

15 round a roller 3 and the web is scanned along a

transverse region 4 by means of a line scan camera §,

which may be of known form. -In general, although in

the broadest aspect of the invention a television

_ camera or an appropriately modified form thereof may
20 be used for scanning a document to provide, after
preferably analoguedto-digital'conversion of the
output of the television camera, a pixel

representation of the document which is scanned, in e

general a camera scanning at a television rate is far e
25 too slow for the preferred use of the present

invention and a high speed line scan camera would be

used.

It is, normally, necessary to provide
appropriate synchronisation of the séanning by the
30 camera with the transport of the web 1 and for this
purpose the apparatus shown in Figure 1 includes a
shaft encoder 6 providing information on the
instantaneous circumferential position of the roller
1 to a synchronisation control unit 7. Since the
35 control of a line scan in this way is a known
technique, and the particular method employed is not



dochnent such as a bank-note which, for the purpose of testing other

bank-notes is presumed to be perfect, notw thstanding t-he probability tha
it will have mnor inperfections, is scanned to provide a 30 ,

nulfiplicity of pixels each representing an el enentary area thereof.

Al t hough in general the pixel values would be stored in retrievable
locations in a nmenory device such as a framel&tore, and the positions of

t he pixel values in the frane store 35 woul d be determ ned primarily by
t he conveni ence of storage or trieval, for the purpose of explanation

-14- Figure 3 illukTiieal %‘ha‘l e rlb‘?%?ﬂibﬁr’n‘b&f‘%”% xet WiHL (Rt 1B ati ons
of the correspondi e sdcited aj_rgyrﬂ{ﬁaq;afei;he I mge or docunent that is

scanned to provide the pixelgs. ure 3 shows pur for the 5 sake
of exanple, a 5 x 5 matrix otfs %ﬂ%lg @d’bﬁ ’é?%?x%rﬂﬂ“#’ft@d’f#’éf%el ng the
]Pi xel [err] ~,y_\,here ram[pbl”a\ae Wer/]ﬂetb ifrmn?némd:hadﬁ the aregiore ﬁﬂi/ch!a:c ue
roml to ' e s t he ice of as trix is purely for
t he purpos?gof 10 1S s%%ﬁatt{l}% ldﬁ(}‘"'f]tnﬂgl%tpqgé rﬁ’f gs ose a
rectangul ar matri x. lanps B anddhsequailly tlet erakly pﬂuﬂblatd’nd:ffrém i@ desired

of data 15 hardumaing ede)ro Mot ERE SELIAY e g speed

aberration, this pib@lle®utd be conpared with a pixel -in exactly the sane

position in a scanned '”ng It IQVEVEbe éEﬁﬁ%hF%KW%QH&%Ythé”ﬁé%f&Ehance
aberratlonéﬁ di nensi an es of 4%5' and ot her aberrati ong
e

nean, in geéeral, t t QFtﬂﬁaﬁﬁiﬁkﬁgdB%unent coul d
IIy occur in mmaf ttlhe Hmesﬁamqsaﬁem&pfotm Scamnimg ri x

means can provide a representat1on of the scanned
document in the form of a multiplicity of picture
elements (pixels) each of which has a brightness

sh

15. value (i.e. reflectance, density or other parameter
of the pixel) corresponding to an elementary picture
area of the scanned document. Preferably, though
not essentially, the brightness value is expressed in
the form of a digital ‘word of eight bits, so that the

20 pixel value is expressed in terms of a grey scale
extending from zero, representing absolute black to
255, representing white. However, other total
ranges of brightness values can be employed instead
if preferred. Before Figure 3 is considered, it may

25 - be assumed that a master document, that is to say a
document such as a bank-note which, for the purpose
of testing other bank-notes is presumed to be
perfect, notwithstanding the probability that it will"
have minor imperfections, is scanned to provide a

30 - multiplicity of pixels each representing an
elementary area thereof. Although in general the
pixel values would be stored in retrievable locations
in a memory device such as a frame store, and the
positions of the pixel values in the frame store

35 . . would be determined primarily by the convenience of
storage or retrieval, for the purpose of explanation



Figure 3. As noted previously, one aspect of the 25 present invention
consists in defining, for each target or given pixel, a matrix of pixels,
EN the matrix shown in Figure 5, in the nei ghbourhood of the targét
Uﬂﬁ' The dinensi ons of the matrix and thus the particular configuration
)Mels which is 30 chosen to represent the given pixel may be
chosen to suit the characteristics of theldedra, the printing technol ogy or
other factors in the production of the docunent which is being exam ned. It
is, for exanple, common to find that in 35 - the printing of a docunent
the paper stretdh@mnﬂwielliQﬁﬁi%K?%ci omalhaneighbounkeodnaf: pixel se

aspect nayﬁo qg)fﬁcéfﬁbﬁ?l £ Xt W& C€ot PéspOfd i P’ €EEMEALLPY Of the

~given plxel osen accordi ngly. :Moreover, the]size or configuration
of the pixel carPBRAS/&f efcmm&eaog %ﬁu-ﬁasttharnhgescannsﬂetevent t hat

t he clrl terl a of peneideahite tp'mé@w. ovenghﬁeasegho&stiserewgeorl ghgener al
any el e Int ma i X ca e nmagde a consMutesaM
rohibi {0 on (HEKO QA SHAREIEr & §oF gStUAFELK OF BRESHSepBBERve TS
| ocations. In Fieleme n%exnatﬁuwurthyebetugnphespbieﬂl(igﬁey Jmatrix

hey define. an AR < SRYEMEF Hia0F ERonch 875 aha d Bah fRS D) C°

bl e
aberration in theny ecalue ifmep kvto 5houghsthe1hbberaeeon ther choécent ed as

Che o ool e ) Buflyy | EUPL S8 SpufpBeg Bet 11 1T
shown ag y',nng anation and it is not essential even to choose a N
rectangular matrix. . L)
Let us suppose that the given pixel which it
is desired to represent is the pixel (XS’ ys).
On the assumption that sufficient speed of data
15 handling could be achieved, then in the absence of
aberration, this pixel could be éompared with a pixel
in exactly the same position in a scanned image.
However, as noted previously, printing aberrations,
dimensional changes of paper and other aberrations
20 mean, in general, that the corresponding pixel in the
tested document could actually occur in any one of
the element positions of the 5 x 5 matrix shown in
- Figure 3. ' .

As noted previously, one aspect of the
25 present invention consists in defining, for each
target or given pixel, a matrix of pixels, such as
- the matrix shown in Figure 5, in the neighbourhood of
the target pixel. The dimensions of the matrix and
thus the particular'configuratiOn of pixels which is
30 chosen to represent the given pixel may be chosen to
suit the characteristics of the media, the printing
technology or other factors in the production of the
- document which is being examined.
- It is, for example, common to find that in
35 the printing of a document the paper stretches more
- in one direction than the other and thus the aspect



20 I ndicate that they are present in the defined matri x. Li kew se,
Figure 4B itlustrates a 7 x 3 matri x. Figure 4Cillustrates a matrix
which i's based on a 9 x 9 square matrix but is a devel opnent according t
whi ch various peripheral elenments of the 25 9 x 9 matrix are assig
a null value so that the renmmining el enments define an approxi mately
circular matrix or nei ghbourhood around the t&rget pixel X Various other
suitabl e patterns can be devised according to preference. 30
It will be understood that |ven has, or shoul d have any
§°5h§°

particul ar grey scafati9|9f, t?ﬁex% Fixry EoFPésﬁSHIFﬁﬁ“B?%éP"dBflved

from scanning the tfﬁéeﬂxﬂemupfiﬁlEmiwobébthbkﬁnthétoth@n@l#@'S within a
gi ven range or nei ghbour hood tnes? gglues Lthin a

D B T e MOReYery e, sFs oni roRtTenRation 8E ¥Bepirel,can
-16- and y g;rectldhs varfeduwitBin a Tpkvehol'maesobrmimage"ain thegeveht

o berm oottt o spr et brtbd LRV RELFT DA FbErBRTREYZ0REy b r R PRERHIT

necessary here to jeftthe¢ imagéasis of the present invention |n ternms of a

mat hemat i cal anal ysis; ”everﬂ?#gﬁéré 'ﬁn?DQEQ{HEh@t‘intQhéaMaEPﬂ EPﬁtRe

choi ce which the invention €S 0 fea and s
matri x of pixels chHyade Qon2b1 thl$e9¢b§§htutﬂ§ glpénhpbkéioanqnthbech0|ce

of brightness or greycefpéficé29fcatfaPgedSpokedt 8¢ %hbhrbgﬁécﬂﬁ§é'x
provi des a powerful_ techpique for determning the limts of tolerable

aberration a mastefations. 15 I't would be possible to
deyel op a mathematical nodel IniFigagead aoenshbymdeleeepeR@mples of

different matrix representations, which can
conveniently be called aberration patterns since they
define an acceptable configuration or pattern of a

15 tolerable aberration in the tested image even though
the aberration is represented as occurring in the
master image. Figure 4A illustrates a 5 x 5 matrix
with the target pixel (X) at the centre; the other
elements in the matrix are shown as "1" merely to

20 indicate that they are present in the defined
matrix, Likewise, Figure 4B illustrates a 7 x 3
matrix. Figure 4C illustrates a matrix which is

A
B )

based on a 9 x 9 square matrix but is a development
according to which various peripheral elements of the

25 9 x 9 matrix are assigned a null value so that the
remaining elements define an approximately circular
matrix or neighbourhood around the target pixel X.
Various other suitable patterns can be devised
according to preference.

30 ' ' It will be understood that if any given
pixel has or should have any particular grey scale
value, there is for the corresponding pixel derived
from scanning the tested document a probability that
the pixels within a given range or neighbourhood will

35 have brightness values within a finite range, the
probability density being a function of both the x



each sel ected pixel a respective matrix and a single respective range of
val ues in accordance with the criterion of acceptability appropriate for

the _given 20 pi xel . The range of values could vary fromnmatrix to
maRyc-so that it conprised.-a range of val ues enbracing the nmeasured val ue
f ok YMe gi ven master pixel. For exanpl e, _one pixel neasured in the nmaster

matrix to have a grey scale value of 120 %ﬁy 25 be represented by an m
by n matrix, where mand n are sel ectable and the range associated with

t hat tri I calLe valug 11 0 125. | p anot her part
ofathgaiL;gecguﬁﬁygﬁyﬁ%géﬁgéggf% ﬁ% 1845 e 'scgkéevﬁ ﬁéc8f°§5méﬁﬁ}ﬁ be

associ ated with and3range ofitvaluésrassociatéd thepewithemdg beom 80 to 90
or perhaps from;ﬁé&eqcp,il@ic& é&l{.&@négp?%@;gﬁggﬁﬁe%gﬁgaieﬁtthough in some

circunstances this may provide an_acce nnr is more

conveni ent and RAERisSErleispread tof nthefprobabibityl Senctionprockssing to
adopt t he t echni ggien G otlodPhPenOLE $§4 here £d- jubt s YReOBUEPL-gF the
techni que just described, a matrix 1s defined tor”eac ster prxel “and, by
neans of scanniré} REAIERt JRYSRNEOR niR 2 EDS cof p? i BatheBaticalrey scale

of ranges of DI 1 gt Hags oo e Ser ool s EPEepriaBctotady thit s
Bre; gpgglsy? th(r)ltfa’rf’ P$@e%r -lme&ﬁo{{w%&?’e% PEPY 5ﬂ?£a"ﬁﬁ}_‘rb1‘5te range
of brightness orthg earexadmd vshaps. of fhw.ﬁxaﬂbkeofa%ifgﬁs c%gSég;%gﬁggfrom
g?gyeéf:gibg I/;FTegéyﬁ%&gé%ngﬁﬁ'?o‘gf’é%géatb%ﬁﬂiéféﬂ i??o greg scal e val ue_
30 to grey scal drighthexs xonl greynscale range to be associated with W,
that matrix provides a powerful technique for
determining the limits of tolerable aberration of a
master image. _ _
15 _ It would be possible to develop a
_mathematicalimodel, in signal form, by developing for
each selected pixel a respective matrix and a single
respective range of values in accordance with the
criterion of acceptability appropriate for the given
20 pixel. The fange of values could vary from matrix
to matrix so thét it comprised a range of values
embracing the measured value for the given master
pixel. For example, one pixel measured in the -
master matrix to have a grey scale value of 120 may
25 be represented by an m by n matrix, where m and n are
selectable and the range associated with that matrix
could vary from grey scale value 115 to 125. In
another part of the image a pixel measured to have a
grey scale value of 85 could be associated with a
30 matrix for which the range extends from 80 to 90 or
perhaps from 75 to 95, according to preference.
However, though in some circumstances this may
provide an acceptable technique, it is more
convenient and more beneficial in terms of high speed
35 processing to adopt the technique about to be
outlined.



Preferably as just stated the grey scale or 15 brightness ranges

everl ap. Then, for each selected pixel there is by consideration of the
bri ght ness or grey scale values of all the pixels in the nei ghbour hood B
constituted by the defined matrix a determ nation of whether all the p|
val ues fall 20 wi thin each of the defined ranges. If for any give

range this condition holds, the matrix can-bd&? represented by a partlcular
signal value, conveniently a single bit binary value which is preferably

chosen as a 1. For any range for whjch 25 t he condition _does not
hold, the respective val ue a??o?t ﬂV?EPPWﬁPﬁa?flRh?oFeﬁhk&qg¢vb“5Fange of

val ues will be anouhescﬁi?ﬂalluaﬁUErxﬁrﬁied?Qiﬁb&)for'é?éﬁ'ﬁag?@ﬂ i® fapgy
devel op, for each ran val ues espective arr signal s
0 O cLcanh tof; 4

conposed of, t Y6 BHRYS 10& 3smas ocum ﬁurely
schenatlcalky |n Fimpasubed brighthéssforogree bcavﬂdﬁiBﬁ@Oﬁbtdﬁ%e?ﬁfﬂeéet

f I mer el vy, C C addr sable s
?hevfel[;?Zs‘é\:ﬁ ation flcgr c‘g&n%/]gmgéeg c?%? %%%%%geélﬁ lag ene&p‘!’ Lgfﬁ)h‘”q‘}‘lus
in greatly S|npl|f|Q£1tanzsflmtebrnghtndss erggnqya&cahe Ewmmgs g§ ;aP%eﬁ

to b h great Y
Shown in Flgure & 4 e*‘g?#'. (o TRERE +ERpdt B oty holin HLEighet af
plurality of arraydsheed ROty extend threughewt, am@mrehatﬂ yrangerof si gnal s.
Each el ement of ‘t hep B gleth65OVr t §ife Pi $@d Ve Sval\dds val %@tg .P,Eigd jo a

respective nqatrix OC|ated with a respeciive master pixe binhary
val 5e bei n i f aaf 4k 1AD&S Wl&’&t?‘?ﬂtfﬁﬁm ngx ey XS%ah Viluges @hto 10

reQBgctive defi ned 2®nge nfsét¢ﬁﬂﬂf§§§eVﬁ&ﬁeﬁxtend from grey scale value
15 to 35. A third range can extend from grey scale
value 30 to grey scale value 50 and so on.
Preferably as just stated the grey scale or

15 brightness ranges overlap. Then, for each selected
pixel- there is by consideration of the brightness or
grey scale values of all the pixels in the
neighbourhood constituted by the defined matrix a
determination of whether all the pixel values fall

20 within each of the defined ranges. If for any given
range this condition holds, the matrix can be
represented by a particular signal value,
conveniently a.single bit binary value which is
preferably chosen as a 1. For any range for which

. 25 the condition does not hold, the respective value
allotted to the matrix for that given range of values
will be another signal value, preferably 0. In this
manner one may develop, for each range of values, a
respective array of signals which are composed of,

30 preferably, ones and zeros. This is shown purely
schematically in Figure 5. It will of course be
understood that each set of values is merely a

-collection of individually addressable signals but
the répresentation is convenient for purposes of

35 - explanation.

Thus, in greatly simplified form since in



associated with

in- defi ned

t hat array. Each array, conveniently called a "gating
array", has elenents relating to the sane defined matrices as the other
arrdys but differ fromeach other according to 15

matri x all have brightness values falling within the

resp I ve range of values associated with the respective array. As:

previously nentioned the devel opnent of "t h@

provi de final arrays 20 for representing the signal nodel of the

master image. It may therefore be seen that for any

defined matri x ARREF3L the pymbex t?P%S%%tI%ftQapgeg?cbrGfﬁ?ﬁﬁry a
bi nary digital vehah ofiwediaxid tttee ausber cofaphxébpreaengréat rathsn

respecti ve one
matri x val ues o

brightne§§ val u
val ues reéspecti

of, the gating arrays.,  The binar rd,associated wth the
SRR A FASYTS, $orthe S Phe; RS (IBSHRSDE B8y Be chown
as 00110. This nexpredémtediiby tdiepbaral 5ty nof harragsebli to H8tof x -have

SUILEL, FHSHIT VDt spanal¥ 28055 Blfbpabipess

ave

bri ght ness val ucthevdartay sshows t ther bimarynrsitgnahgealué bdtityghbuted to
associ at ed rESpﬁftféEﬂéh i+ &

: ra 54 Sh. . oLt IS, of
course, necessary t0'per’orn1§%€g?%n€¥§?é%%ﬁgﬁtg??%néoﬁ??ggcg Y%ined pi xel
val ues of a mastmgster _pixebcutheitbimany dealee bebagcl ificaliptheentation

in signal formid]ysi rvdAge#Ui®! Yhe€eaeti€ataY1i RithiH' ehe-
Nevert hel ess, the technjqu

e s particular]ly, useful because the process
need onl}P be per??ﬁﬁ%ﬁfb%ed%mégpw&?\ ?*mb'él teesyt Vahdefast er docunent.

is available in gs¥weiated wbth thatexteagl ve Babhegueay,use in testin

docunents in

15

20

25.

30

35

conveniently called:a "'gating array', has elements
relating to the same defined matrices as the other
arrays but differ from each other according to
whether the pixelS-in each defined matrix all have -
brightness values falling within the respective range
of values associated with the respective arréy.

As previbusly mentioned, the development of
the arrays may be reiterated to provide final arrays

. for representing the signal model of the master image.

It may therefore be seen that for any given
pixel there is a defined matrix which is associated
with a set of values, preferably a binary digital
word of which the bits are each represented in a
respective one of the gating arrays. The binary word.
associated with the matrix values occupying the top
left-hand position in each array is shown as 00110.
This means that all the pixels in the respective
matrix have brightness values which fall within the
two ranges of brightness values respectively
associated with the arraYs 53 and 54 and do not have
brightness values which fall within the three ranges
of brightness associated respectively with the arrays
1, 52 and S5. |
It is, of course, necessary to perform substantial

- computation on the obtained pixel values of a master

whet her the pixeéels

arfrays nmay be reiterated to

iven pixel there is a

o/



| arge quantities against the i mage nodel representing the standard

docunent. 10 Al though it is presuned in the foregoing that

the gating arrays, shown in Figure S are devel oped by firstly scanning a_i@
mast er docunent and thereafter performng the conputing required to produc
the binary:representations of all the defined Yy - matrices for all the
defined ranges of grey scale values, it nay be possible to produce the
gating arrays directly w thout using scanning. Thi s coul d obvi ously be

?one for very Si”ﬂ?@cﬁﬁéﬂt ifRougldezurtoe Prioduce nthe reepoesentatbenpiacti ca
or a 20 conpl ex i e. An.i rtgnt, advant age_,of e of__a '
nultiplicity of ar?h?gagﬁggw‘nélug“%&ﬁézetdo RYY i s%ﬁh?'ﬁép}wﬁ#ffzein

associ ated with nmapigorpi §el s et erithedlesst,0 thrpreschmiqhe i osli vi dual

pixels lies in 25° .th it tes i 18t d ugent
very rapi dl.y usi ngpﬁrﬁfﬁ}’;la??y ﬁ‘é’ﬁp%&&ao@ss&eeaﬁ% élfa?g%%sr’ ?ﬁégrgﬂgg g?

val ues assggs at ed per fonmedspace whegzupon a0 aimagel modehgof thet mpsitert y
of simultaneous co o S :Qf jqhts -t he pi xel by
means of the conpaggg{é?‘és?\%hilgh atglr%gntgyglga ’tqﬁs??a%‘géﬁ?e&%oﬁgg?i ggﬁ only if the
bi nary val ue for t@¥tgastiveusmbseguant usednstesting| documseptscAs defi ned

for that matrix haygyQel gHaRtiTicd tégg%m;eﬂiihé "fnd 88 PEGALY CrepReg ent T
the operation require@ 3 for testing a glven pixel obtained by
scanni ng a docunenth@ngdandadd dasymentsi st only of reading out -20 -

the respecigve digital mordﬂmﬁuﬁdiﬁﬁ¥ﬁﬂﬁgEﬁfﬂgﬁﬁb&hfn"ﬁﬁéiﬂﬁr@?bﬁhﬁ' and
feedi ng the pixel val ue rd sLnuItaneousbélto a, nu IIBIIC téro

cogparators each c&hdtol S0 g ALY AR LR kit Pi 7 &at a.

developed by firstly scanning a master document and
_ thereafter performing the computing required to
. | produce the binary représéntations of all the defined
15 matrices for all the defined rangés of grey scale
values, it may be possible'to produce the gating
arrays directly'withqut using scanning. This could
obviously be done for very simple cases though
currently is not reckoned to be practical for a
20  complex image.

' An important advantage of the use of a
multiplicity of arréys of signal values to represent
the matrices associated with master pixels and

\_ thereby to represent the individual pixels lies in
ZS the ability to test a pixel from a tested document
very rapidly using a plurality of comparators each
set for the range of valﬁes associated with a
respective gating array and making a multiplicity of
simultaneous comparisons of the brightness value of
. 30 the pixel by means of the comparatdrs which are gated
to make the comparisbn only if the binary value for
the particular range indicates that all the pixels
defined for that matrix.have brightness values within
the respective range.. Thus the 0pera;ion required
35  for testing a given pixel obtained by scanning a
document under test need consist only of reading out



5 word and each set to conpare the pixel value with the range of
values appropriate for the respective array of binary matrix val ues. I t
venient to inhibit (i.e. prevent or disregard) the conparison i
éggwer the data bit indicates that no conparison is 10 meani ngf ul ,
that is to say when for exanple the respective data bit is a zero as
explained with reference to Figure 5. The20echni que thus descri bed nakes
possible, if desired, the exam nation of pixels in real tine 15
provi ded only that the conparison circuitry can performat the pixel rate
provi ded by a s@&eﬂnqynﬁnmxxafdrgtt&ﬂtuntédfdomuaememoryThterimgtuhﬂ means

h h h t
excessive speed Erong SFRS Uhd Fedfide" RETFExL ' OtYe [GOKATI D o s
agai n schenatlc&ﬂﬂplﬁﬂﬂﬂﬂﬁﬁkﬁLEPfﬁnlkiﬁlnih¢hgye&ﬁntmmpanatgtspeaqhed
docunents by a icomtticlued by tkstrékeﬁéeﬂiﬂréi bif 69%1@9%&?&? &Qe

Figure 6_is included a trix store 11 which eln

orm of
a randonPaccess wodith andfagh jsey otétle‘%?%ﬂﬁesfbﬁaPsxebnEﬂ'Mchghgﬁ

mul tiplicity of rgaigen®favalife appfopPid€e! £ or SERNTéSp&t G1¥€ Rrray!t Wil
be understood thagt ,t.he matrix stor nust be capabl e of Teadi ng out, for .

each pixel obtai ediMATY JALFHY, It tenePRVERERRt 1 £Qt  t he
digital word forzmﬁmmr(rze.sqaorp?hmmtdr mrlefeg@ﬂd) Othé h@o:ﬂpﬂi‘ﬂs’?ohy

di h '
ot or kngun Wiyl WML 1R Rk ek BRe o (ERERF1apttEs ' ° °

her ei n. 185 meanmngI,Fltémte IES |1m:Isnieswhdm fieh dxample dthen 3, the |ine
scan camera 5 AR Ay eRRAT & AW 4 et s expléinea S§EMCON Ol 7 &Y
previ ously descrlb W th reference

reference to Figure 5,
The technlque thus descr1bed makes possible,
if des1red, the exam1nat10n of p1xe1s in real time
15 provided only that the comparlson c1rcu1try can
perform at the pixel rate prov1ded by a scann1ng
device for the tested document. _Th;s in turn means
that the'technique of'examination can be performed
w1thout requiring excessive speed or storage capacity.
20 Figure 6 111ustrates agaxn schemat1ca11y an
apparatus for performzng examznatlon of printed
_documents by a technique as Just described.
In the apparatus shown in Figure 6 is
1nc1uded a matrix store 11 wh1ch may be in the form
25 of a random access memory which is loaded with
signals const1tut1ng a mu1t1p11c1ty of gating arrays
" as schematically shown in Figure 5. It will be
'understood that the matrix store must be capable of
readlng out, for each p1xe1 obta1ned from scanning a
30 document under test, the d1g1ta1 word for the
. correspond1ng matr1x def1ned for the nom1na11y
: correspond1ng p1xe1 in the master document or

image. However, thls is a ‘matter of known computing
technlque and need not be descr1bed further herein.
35 F1gure 6 includes the web 1, the drum 3, the

line scan camera 5, the shaft encoder 6 and the line



to Figure 1. The set of pixels obtained by scanning a printed docunent on
the web 1 is fed through a line scan interface, which my be of known _
condtruction, to a frame store 62. Such a frane store may be constructé%%é)
on the sanme lines as for a frame store used in digital television ‘
processing-but in general will differ therefromonly by possessing a |arger
capacity. 10 As briefly i ndi &t ed hereinbefore, it is
practically inpossible to ensure that a docunent presented for scanning is

presented in exact| he cotrect, aspect Qqr pqsition agnd th pparat us shown
in Figure 6 includ§§a F?&%§°§t§r@sa?nﬁWH9qgiﬁtﬂGPFéagfﬂ with T&Eprienge: o
the frame store 62tbyPigame'dF a Ther gertoofs pixeds %bdadg%ﬂrb?ekcBPﬁﬁﬁg
store 65 with conto ugl.i the frane,store Q3 neans of .a

ni cr opr ocessor 66.gThgggfggonggggégr§Q61 L% L iﬁscgﬁﬂuﬁgfpgﬁiwﬁtﬂlpﬁe
frame stores_63 an8ica8 anterface, which day be ofdknowa constcuctien,nage

Cransiationberrorsto Sarsane o8 627 SSHeR I Brdner S8 p2Y Be ¢ nougn
i nportant, is not FARStEuctrd pRvahei semeoddmes es for pr §Teme 33ore
invention-and'SinCﬂséﬂ"EHtﬁﬁg@&ﬁEhEGQEVBQQQﬁi?Qﬁéegéﬁﬁg bt gheggggggqtion
of skew and translation,ecrors and 'l therefore be miliar t hosé
skilled in the-art?lkﬁeQI 44 ﬁgFrﬁggpﬁrPﬂéV Q¥sppssessiBgeanlazger
In order to test eeapasétgcted pixel, which in general will be all the
Phorefrom 12ach pixel or schecBideRiYernidcAtad HefeihbRtone s dmisstore 63
i n_synchroni smw tprahtieslly impeadibdeotb ehsure thapeat doeudiegitt al word
fromthe matrix stgegedited EBQUE@agnQBESigo$r%g2W%eHuﬁgl%xL%Ely the
correct aspect or position and the apparatus shown in
Figure 6 includes a frame store 63 with controlled
15 coupling to the frame store 62 by means of a
microprocessor 64 and a further frame store 65 with
controlled coupling to the frame store 63 by means of
a microprocessor 66. The microprocessors 64 and 66
in conjunction with the frame stores 63 and 65 are
20 " provided in order to correct the image of the
document as obtained by the line scan camera for skew
and translation errors. Also as previously
mentioned, this operation, though important, is not
part of the inventive concept of the present
25 invention and since computer graphical techniques
exist for the correction of skew and translation
errors and will therefore be familiar to those
skilled in the art, they will not be further
~described herein.
30 - In order to test each selected pixel, which
in general will be all the pixels for the given
document but could be merely a selection of pixels
therefrom, each pixel or selected pixel is read out
“from the frame store 63 in synchronism with the
35 ~reading out of the respective digital word from the
matrix store 11. Figure 6 does not show, purely for



-22- the sake of convenience and sinplicity of explanation the tinjng
irgdlits necessary for ensuring synchronismbut, once again, such *
zi&ﬁgums are known to those skilled in the art and do not need 5

£3

LHer description herein. Thus each pixel value is fed together with a
respective data word froma matrix store %% to a discrepancy detector 67
which is coupled to a spoil decision circtift 68 coupled to a system 69
which will 10 be described | ater. The operation of the system of

Figure 6 follo LN, Fig : kS . detector
67gi n Figure 6ﬁﬁ{%geﬂ%&€:?%%ﬁé+]g¥€$éwaﬁﬂ %lie B?é%'%g§tgf F%%ﬁf%quxgg

Wth reference theritgiing ecifeuibts inecessary, fon eRsurtmpodi ment in sheet
form is scannedyai¢htdiismibat | | oFcé sgfgiﬁ\, [ QuEhgt'ﬁEhﬁ%%ﬁ’é(stQPe' i ne scan
camera when synqpronlsnlmnth th 5ﬂ1éﬁt,s novenent has_been established by
nmeans of a 20. n°¥ﬂnﬁﬂw§ﬂﬂ§ﬁn£&ﬁﬂ ¢ B0 thei ert nad pdo i RoknRewd s or ) .
This lin&g of inffurmeiéemrdescrliptionchlep@instored (step B in Fi gurw) by
the Iine scan control 7 i ne .scap_i teriace 61 The gﬂocess-ls

| . $
repeated until the |ine sthbsi$ACH RExe} svaive ks fed $agether jwith a
predet ermi ned nudspeatfive ndsta wdld fromad macbtx stoteénEr vouad be

"nspecti on avcuriy gt BGRESE 6! NRECACEE tafel fdcto o4 sesthocn 30
filled, the comslestiesfomminfuitiait ¢oupled hmdagsysﬁegnstrgﬁ}?tii%ﬂptf his
glrjjoggts)s lﬁep??ﬁ'?%sgdz}ngéc}?rgé(glrﬁaﬁ%ﬂlrjengzsfzzae?hﬂa'rfacepar e (in known nanner)
nmade ready to capture. an Thfaeperatiensef the spstemppfcFigur®wbing the v
capture of the ifg0®wY ¢H¥ flow chart shown in Figure 8; the
' - discrepancy detector 67 in Figure 6 will be described
-later with reference to Figure 7. :
15 With reference to Figures 6 and 8, the
object, in this embodiment in sheet form, is scanned
one line at a time (step A in Figure 8) by the line
scan camera when synchronism with the object's
- movement has been established by means of a
20 synchronism control 60 (which méy be in known
form). '_This line of information is digitised and
stored (step B in Figure 8) by the line scan control
7 and line scan interface 61. The process is
repeated until the line scan interface is filled with S‘J
25 a predetermined number of lines. The actual number
of lines would be determined by the resolution
required to achieve the level and degree of
inspection accuracy required. '
When the line scan interface 61 has been
30 filled, the complete frame of data (i.e. the
digitised image of the object) is passed to the frame
store 62 (sﬁep C). Upon completion of this process
the line scan control and line scan interface are (in
- known mannér) made ready to capture an image of the
35 - next object.. During the capture of the image of the
said next object, the digitised image in the frame




said next object, the digitised image in the frane - 23 - store 62 can
-be interrogated for any skew in the image (step D). Wien the Iine scan.
interface is ready with the next inage, as it transfers that inmage todé§§
frlame store 62 the latter's previous contents can he transferred (ste

to the frane store 63, the transfer taklngd*¥to account (step E) any skew

t hat has been detected in the inmage. The T ents of frame store 63 can now
be interrogated (step CE for any positional changes 10 wi thin the

63 can be transt eotBd e Sag R o TCERr AR Eon Bev IEK Tband 51 <
change into accoumma(g@t dysﬂ&p Dbhhe cdthemttheofl itnee sicaand nttenfa®s icsan now 15
be conpared with th &%£§ ry £5an

di screpancy det ec%(lé)p‘ra;l:épQet(lgt?lt %l%é ;ﬁ:gf’déﬁr gp;tr]fca%s can%trgtt;bqi;e
counted and/or ma hen fxagentsvare e 'én RIeVdpus 6PN L)
and at thg_,eorrpl elda@n pef ttﬂﬁsfﬁécﬂl%d)f(s&(b F) @(Q'Henfftﬂa‘iié ts"&r%’sé?m makes

a deci sion (step M in accor dance with t he count g{ whet her
the object is hecpransfer, &je‘d’rteﬂ Afqaunt, Yrmsrehﬁmg and
|099: ng %stem 69t)t\uutcmayaxbwm\awhemlmlt1¥mrm%g (step N) On any7 .
spoil e obj ect and ,,00ging (step of such nar ur,e 7 shows
a data bus 70 on which the %9’@5’(&- rﬁfr&fat"*?e sgtroé'f ? t he

current pixel is prrmdtdmtdtced f(estrbxsd!)erﬁaatcwrwetpnxmonamulmmﬁma bus
extends tgeach o iiild tale Th whert ¥HHS Hoke’ brallfber % rﬁﬁ%ator

etc., (thé renalnlng conparator being one to

sxﬂ;en1(each |nclmmaq;tnh9<nnq&nnxanqﬁ frame store 63 can be
transferred (step J) to frame store 65 taking any

pos1t10na1 change into account (step H).
The contents of the frame store 65 can now
15 be compared with the contents of the matrix store 11
' by means of the discrepancy detector 67 (step K).
Detected discrepancies can then be counted and/or
mapped on a context basis by decision circuit 68
(step L) and at the completion of the cycle of
20 examination the system makes a decision (step M), in
‘accordance with the count of discrepancies, whether
the object is "spoiled". Any such decision is
. passed to the marking and logging system 69 which may
N provide physical marking (step N) on any spoiled
25 object and logging (step P) of such marking.

Figure 7 shows a data bus 70 on which the
word representing the grey scale value of the current
pixel is provided to the discrepancy detector. This
data bus extends to each of a plurality of

30 comparators 71, 7la, 72, 72a etc., (the remaining
comparators being omitted), there being one
comparator system (each including two comparators)
for each of the gating arrays, that is to say one
comparator system for each bit of the data word from

35 the matrix store 11. To the enable input of each
pair of comparators is fed the respective bit of the



for each of the gating arrays, that is to say one conparator systemfor
each -bit of the data word from 35 the matrix store 11. To the enable
I hputfey each pair of conparators is fed the respective bit of the - 24
- mat\gx data word fromthe store 11 fromrespective lines 81, 82 etc. For
conveni ence only the operation of the first conparator system need be

descri bed. The 5 operation of the.ophers is simlar, except that the
pi xel value is therein conpared with the respective brightness range
associated wth a second or subsequent bit of the matrix data word. The

conparator 71 recgivesxfdavaawyrduftobl cheostoeevila fRom resperaivel a

digital word corr ond e upper level of the first range, that is
to say the rangefﬁggﬁcﬁgteégwfgﬁ the first gati.ng array with which the

first bit in the natrlx daFermabdveuzaneeconnydthblbpumaa;ohhefcqmnarator
71a receives fro

sourc wor d
corresponding to oﬁ%?p?ﬁﬁg?rogyfﬁﬁ fPFgﬁ ¥5n885§§i33§resal ;QJf t he
respectlveSnatrlxoperdtbon of bhetbthérssisbsmni%araleac@ptethhk tthe
conparators 71 an a t L.

(8nE|t) wor ds corgagég ﬁ?ﬁ% g? ﬁ@epﬁ%é Qéﬁgkrga “qFQSEﬂe ?§§§§€F13§|y of

the first range ahdlghenesaprQUgeoaasoespﬁedlVetbne second out put | ogic

circuits 101, 102 o c r 0] S an { put of one
g?% Fuﬁgg i 08k Cehi ﬁHt%1§méaQﬁ %b T

bi nary val ue or an accor e grey scal e val ue
falls within the comparaternél. n9ceﬁﬁeap Eﬂmlénvlsueﬁahée SouTce Viiges 91

gnd the Ipger |eveipdef gresl ﬁi‘gi@fl'w?& eaerespﬁad%gswetheeuﬁ%&e thus
ef i ned. e conparison Q I xel
level of the f1rst range, that is to say the range
assoc1ated with the first gat1ng array w1th which the
first bit in the matr;x_data word is associated.
 Likewise, the comparator 71a receives from any
15 suitable source via lines 9la a digital word
corresponding to the lower level of the first range
as aforesaid. If the respective matrix word bit is
of the first binafy value (i.e. 1) the c@mparators 71
, and 71a test the (8-bit) pixel value word against the
20 (8-bit) words corresponding to the upper and lower
levels respectively of the first range and are
coupled to a respective one of the output logic

"/

circuits 101, 102, etc. The logic circuit 101 o/

provides an output of one binary value or another
25 according'to whether the grey scale value falls
within the range defined by the upper level defined
on the lines 91 and the 1owef level defined on the
lines 81a or is outside the range thus defined.
The comparison of the pixel word with the
30 respe;tive'range is inhibited if the relevant bit in
the data word is of the second binary value (i.e. 0).
It is alternatively possible to provide gates after
the comparators so that comparison is always made but
disregarded if the relevant matrix bit is O (using
35 ~ the convention previously adopted).
If for any comparisoh that is effectively



30 respective range is inhibited if the relevant bit in the data word

is of the second binary value (i.e. 0). It is alternatively possible to,
provi de gates after the conparators so that conparison is always made b
(o}

disregarded if the relevant matrix bit is 0 (using 35 t he conventi
previously adopted). If for any conparison that is effectively - 25 -
made the conpari son systens produce a signhd@sindicating that the grey scale
val ue of the respective pixel falls outside a range with which it is
conpared, the discrepancy detector provides an 5 output to the
decision circuit ﬁadeThhedeomyamdsdm%ﬂyﬂtaﬁ%Ipnoddcekﬁnsfghabcunulate a

record of defects; I _d | ). Jqfs T defects or

di screpanci es exceggqézgr?g%&r g&gtqe&g\epi&e&gl%ea e nzf ®of the 10
decision circuit respectiimeopixed &alﬂheqmﬁamdu arn&nge(xnth vhichnit
readily beg~ a{rangegh ngﬁ edesished dr{%rgperp YBMWMP el i ngli cating

t hat accord¥éng to ected Criteria, as” been
examni ned i 8 defecoutpuﬁrtanab@edw&msaanClrcukﬂuﬁ&he out put of the spoil

decision circuit is fed, IWHJ“&%%??%&H’E?PC fttdgaddpﬁgglégk%}g the

docunent narklng/verlflcatlon or ging sys em 69 lon to the
mar ki ng and | oggi A§CEmEtiadesay IesHrd lﬁﬁj efiec tsy andn o vide i anli ewtput hat

not only a 20  ond9Cyfeihel raefter&retd ct3alorh dissél?éﬁ‘ﬁéi/é’sb?’icééﬂit the

whol e batch should bé rejected; it may_in |cate he nunber ctive
docunents in partP@EPaPrGQFéﬁg@IGPdnﬁﬁéNF dugnfh Q(?%FQE&H°£rﬁhepartlcular

document sypequi r edeilision ¢iTedit ISP Gupdritart Xo the préyesen be
agcepted or flnaIIY‘v ke%%ed Qec%%rTeaJ¥¥¥ béf%;ggéggﬁﬁaéczﬁyclude bot h
desired manner to produce an output indicating that
_according to the selected critef&a, the document
which has been examined is defective or unacceptable
1§ and the output of the spoil decision circuit is fed,
in this embodiment of the invention, to the document
marking/verification or logging system 69. In
- addition to the marking and logging previously
described, the system 69 may indicate that not only a
20 document in a particular batch is defective but that
the whole batch should be rejected; it may indicate
the number of defective documents in particular
\/ batches or merely signal to a user that particular
documents require further visual inspection before
25 they can be accepted or finally rejected.
The term "sheet" is intended to include both
an individual sheet and part of a continuous web.

30

35



an i ndi vidual—sheet—and part of a continuous web. 30 35 - 26 - CLAI M
1. A nmet hod of representing in signal formb5 a given pixel of an,
i!rm’ codﬂm i Imf,llﬂﬂrMLa mat ri x conposed of a nultiplicity of pixels in
trma“ﬁ gh id given pixel; providing a first signal value

when al | said multiplif

cit'y of pixels havesg brightness value within a

predeterm ned 10 range of brightness values; and providing a second
signal val ue when at | east one of said pixels has a brightness val ue
out si de said range. 2. A method of representing in signal form 15 a

nodel of an inagg R osed of pixels, conprising, for each of a
multiplicity of 5 gﬂgrxels, performng the nmethod of claiml so as to
obtain an array of signal val ues each representing the signal value of the

matrix defined for a respective pixel .. 2Q 3. A -had .accqrdi ng cl ai m
2 conprising devel opi ng afblur§I8F§ﬁ8F §?r§§?r8fe§§é§§|1@a%§§®F1M§?A5 n'the
signal vabues ara gévennpixeli ofcanhimagey zoaprdisiggt def indngeat i W& one of
a 25 pl ural | ' t gagg f: R S avd.eha A et hod
according to anyh%¥r§%a?%é£§£§§ gtiﬁ %ﬁﬁgﬁpgﬁgq??gﬁglpéa°3§§%%%§qﬁ nary. 30
S. A nethod of nedéghboprhgod of gthe sedd giveanpixeds PFeydddmgofa pi xels,

comprising, for eagBedbyghaPl ¥Ehuedphiell 8112 sa3a0ulr iP1itHeRPoE Val ues, |
defining a matrix, conposéd of g_nultlp ICIt% of. pixels“in thé nei ghbour hood
of the respectivPijedenhave a brightness.yailye within ghpredetemmined cach

pi xel inyp range of brightness values; and providing a second
signal value when at least one of said pixels has a
brightness value outside said range.

W,
2. JA method of representing in signal form

15 a model of an image composed of pixels, comprising,

for each of a multiplicity of said pixels, performing

the method of claim 1 so as to obtain an array of

signal values each representing the signal value of

the matrix defined for a respective pixel.
20 |

- 3. A method according to claim 2

comprising developing a plurality of arrays of signal

values, wherein the signal values are determined in

each array according to a respective one of a ~
25 plurality of different ranges of brightness values.

4. A method according to any of claims 1
to 3 in which the signal values are binary.

30 5. A method of developing a signal model
of an image composed of pixels, comprising, for each
given pixel: defining a range of brightness values;
defining a matrix composed of a multiplicity of
pixels in the neighbourhood of the respective given

35 pixel; testing the brightness value of each pixel in
the matrix; establishing a first signal value if all



t he matrix; establishing a first signal value if éT“**“‘2?-——Lhe~p|xels

Jin the matri x have brightness values within the s

est.:a_bl i shing a second signal value if at |east on?[ﬂl’ w;,w M”ﬂ,’ n sa

matrix has a brightness value outside said range, so as an a

of signal values each representative of a rix defined for a respectlve
gi ven pixel. 6. A nmet hod according to cT 57 further 10 conpri si ng
providing a plurality of said arrays of signal values wherein the range of
bri ght ness val ues |s t he me. for, each matri x r ted within the same
array and each ar rtfif iPd S%/ ipfhs "é&:'cro}’&afh%‘éeﬁ %%?Je‘&?f Sone of a

plurality of di ffenaﬁunla:he saidmpmgeof dnd gid vebkislingsa second\ net hod

B P 00 O e S DPER PP B 1

according to clai matnirersin a thr ightirsesealue st side esgpidseangé n s@r ns

according to cl ai
conbi nati on over

of grey ngye val

claine 6 to 8 wherein t

s tozﬁu'onde an array Df s y\i;?h%llﬁgg gl&mg to any

ranges of r| ght ness

met hod accor di ng t@HﬂF%t@HW% g patrix dekined forT 2 nvge%whmm a
giwvrP\pidepai d pixels. 11. A nmet hod according to any of
clains 5 to 10 mhereln the nmethod is reiterated to devel op at |east a
second array of signal values fromthe said 3S array.

docunent to 30
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6. A method according to claim 5, further
comprising providing a'plurality of said arrays of
signal values wherein' the range of brightness values
is the same for each matrix represented within the
same array and each array is provided in accordance
with a respective one of a plurality of different
ranges of brightness values.

7. A method according to claim 6 wherein
the ranges of brightness values extend in combination
over a complete range of brightness values.

8. A method according to claim 7 wherein
the brightness values are expressed in terms of grey
scale values. '

9. A method according to any of claims 6
to 8 wherein the ranges of brightness values overlap.

10. A method according to any of claims 5
to 9 further comprising scann1ng a document to
provide said pixels.

11. A method according to any of claims 5
to 10 wherein the method is reiterated to develop at
least a second array of signal values from the said
array.

of
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arlng a selected pixel of an inmage with a

correspondln master image pixel, conprising testing the
ﬁ‘“ﬂ‘ﬁ eI ected pixel with a predetermined range of 5 °
br| R to a respective matrix of pixels defined in the
nelghbourhood of the sai'd master inmage plxeﬂs I3. A nmet hod according to
claim12, 10 conpri si ng perforning said testing for each of a
nultiplicity of selected |er , g rovj di ng si.gnal catl ns, when t he
bri ght ness val ue of any & fect d ﬁlt 8 JJe§ c’g‘r&& PhEelange

with which it igf cmpiadi@gie whbth4a coﬁrwﬁm«amcg:&rectmtwfciamastar further

i sing testing th ht | ue . of Lect th_each of
o ural ity of 1 ARARS OFi B9} ore ABRE 19 3Pdcs e, i L PREheRt: VaTREL ( o

20 pi xel s ofh the sebeetednpyxellith A mmdﬂutenmxneﬁngangeaof of

clains 2 to 1 o e~

sel lact e% pi xel ;hrfzé{ﬁrggﬁs ﬁﬁﬁkﬁoggg@&sﬁr ng to :"I'trri:s\pﬁztﬁ %9?5“3 Cei n
t he scannlng|f$xle$r¢eﬂlnndrealthﬁnﬂ¢ﬂ@hh@“ﬂhdﬂ¢ﬂd£| theosagdeet s
supplied in suqﬁggéﬁgnlﬁég?ﬁglﬁggarateIy or as -successive parts of a

conti nuous web of exam ning an object, conprising
establishing a representation of a naster inage in the formof an array of

signal elenents, mherelnlgach %]ﬂgqhdﬂ(yaavrdﬂhé|¥%E%I§Whlfz35
aSSOCIated with a sgectlve |er or roup |xg%s I n i °rt]aster I mage

and hadls sel eciOMPETSIRE PFherming said testing for eac
multiplicity of selected p1xels, and prov1d1ng s1gnal

indications when the brightness value of any selected W/
pixel does not correspond with the range with which

it is compared.

15
14. A method according to claim 13,
further comprising testing the brightness value of a
selected pixel with each of a plurallty of ranges of
brightness values common to the respect1ve matrix of
. 20 pixels in the master image.

15. A method according to any of claims 12
to 14, further comprising scanning a sheet to provide
the selected pixels. N,
25 | |
16. A method according to claims 14 and 15
wherein the scanning is performed in real time for a
multiplicity of sheets supplied in succession either
:separately or as successive parts of a continuous web.
30 | - | |
17. A method of examining an object,
comprising establishing a repreéentation of a master
image in the form of an array of sxgnal elements,
wherein each signal element in the array is
35 associated with a respect1ve p1xe1 or group of pixels
in the master image and has a selected signal value



- 29 - if all the pixels in a defined matrix of plxels I n the nei ghbour hood
of the said-respective pixel or group of pixels" Iﬂ”“ﬁmu"ﬂrmge has a
bri ght ness value within a respective range of bri

the object in tw dinensions to provide a nultlpI|C|ty &f 8bj Bct* pi x

nom nal ly corresponding to respective master- iggage pi xels, testing the

bri ght ness val ue of each of a plurality of selected object pixels for

correspondence with a respective 10 range of brightness val ues when a
respective sugnaJ1eIsnPnthenpihelsand arﬁﬁf1hmﬁSmutiixﬂdﬁtﬁihélﬂnih val ue.

18. A hod d
obj ect plrrggl OI Sal ﬁﬁ?r b#?ggﬂﬁﬂgﬁﬁf’ﬂg rfwgﬁ \?élldjg roqsl?%p’a‘ﬁ gés/it!ﬁggnﬁﬁt f or
the matrix assomgateulpvwfhpaxehm anl Itilecmarsasqrornwgp et ea brbgletpess! or

f h h i d -
?nrefﬁgdoacggfdl IEllg Afu ;Y?nuﬁﬁo% gPs?ah%é%%ere%L igqgllall%ﬂ teﬁiéeaﬂal
val ue conigjiges omammsotbssgbbpstbnnartywaimslzals to provxde a 20.
A et hod accor di ngyi €5 80¥cotyCbal BB jéét! esﬂx%uf w&iﬁ{afwbﬂeg?ondm

establishing a muJtiplicity of arrays of "signal elenents, sald rays gelng
establ i shed in retPeEESBEC FVFeF‘éﬁtteFe§ﬂ'é&ei \Fé’%ﬁﬁgestﬁtmﬂ gHRe@ess val ues,

and testing, undelsrﬁemﬁebsoframe of eBicHNVf & PRNF{tPofheepectyd, @
for correspondence,wth each

bri ght ness val ue each sel d object p
of the said respe&??ﬁ% rBhéEis %gr C%Arﬁﬁt<ﬂ#?ﬂﬁﬁn¥ﬂ?&;ch%?@?ﬁ??bemhereln

35 S0 d rangesnget efdbri ghenkissavialmesy avhen e nipéspect ngesi grana
defined zero br'ggiQS§ﬁtt?natﬂngg§% array has said selected signal
—/
value.

18. _A method according to claim 17 wherein
15 the testing of an object pixel is inhibited when the
signal value of the array element for the matrix
associated with a nominally corresponding master
image pixel or group of such'pixels is other than
said selected signal value.

20 -

19, A method accordlng to claim 17 or
cla1m 18 wherein the said selected signal value
comprises one of two possible binary values.

N\
25 ' 20. A method according to any of claims 17

to 19, further comprising establishing a multiplicity
of arrays of signal elements, said arrays being
established in respectldf different respective ranges
of brightness values, and testing, under control of

30 - signal elements from the arrays, a brightness value
of each selected objeci,pixel for correspondence with
each of the said respectivé ranges.

21. A method according to claim 20 wherein
35 said ranges extend in combination over a complete
range from a defined zero brightness to a defined



- 30 - meximumbrightness— 22, A nmet hod according to claim?20 or claim21.
mhereln sai d ranges overlap. 5 23. A nmet hod according to any of clainms 20
@ W‘ﬂl]“”ﬂmrm“ m.‘ g of the brightness value of each sel ected object

aneously for each of the said respective ranges.
10 24. A net hod ‘accor d ing to any of clainms 17 to 23, wherein said nethod
I's perforned successively for each of a nﬁptlﬁI|C|ty of objects and
synchronously with the productlon of the objects. 15 25. A et hod
according to any of, ai ;s i to 24 wherein the object is in sheet form
26. A nethod aﬂﬁﬁfﬁyﬂg rie ﬁ9°8P clainms 17 20 to 24 wherein said
nmethod is performed successively for each of a mul tiplicity of objects in

web. 25 et s g 28 o ARk RBRC Pk Br B nkr bl B2 RERTAY, o8, Mot nod

according to cl actais ahdwhepemylag1d Tapges nndeﬂapuoduced i'n accerdance
wth claig16 and conprising neans for providing in accordance mﬁtha'he

i mage of tThe object a nultiplicity of pixels each 30 represented by a
bri ght ness val ue; a pluralBty oA metbedasccozdingntocanly afr glgdast @0defi ne

a respective oncegf 23, PhibRbihy eRE £BI9TREOLEDERGNbRTRRCKICTa1TRARE o

presenting for eac a _respective It al whi ch each bit
35 p05|t|oneéﬁhrésbéﬁa§dtSbieﬁésﬁééﬁﬂvéSOHGrSPTQQﬂd ranges in
accordance W th gpnd1eafieahs1Pdebr EBRASOf the said respect1ve ranges.

10 '

24. A method according to any'effclaims 17 .
to 23, wherein said method is performed successively '
for each of a multiplicity of objects and
synchronously with the production of the objects.

15 | -
'25. A method according to any of claims 17
to 24 wherein the object is in sheet form.

26. A method according to any of claims 17
20 to 24 wherein said method is performed successively -
for each of a multiplicity of objects in the form of
sheets ‘which are either separate or in the form of a
continuous web.

25 | 27. An apparatus for the performance of a
method according to claim 18 and employing a signal
model produced in accordance with claim 6, and

| comprising means for prov1d1ng in accordance with the
_ image of the obJect a multiplicity of p1xels each
30 represented by a br1ghtness value; a’ plura11ty of
' comparator systems each’ arranged to define a -
respective one of a plurality of ranges of brightness
values; means for presenting for each pixel,_a
respective digital data word of which each bit
35 ~  position corresponds to a respective one of said
' ' ranges in accordance with said signal model; means



- 51 - responsive to the digital data word and coupled to the conparat or
systems for-allow ng effective conparison of the bri Eﬂl’mmmﬂmm,ﬁ" eac
pixel with each brightness range for which the respe ,dat
word has a first binary value; and means for detecting wher tfe Bri ght neSs
val ue of a pixel is outside a range with whith3lt=-is conpared. 28.

Apparatus for testing in real tinme each 10 of a nultiplicity of sheets

in separate or continuous formfor tolerable correspondence with a nmaster
sheet, conprisingr@BRABSANE $Pcdd® dHigistaly datatword andceaupbad tPans for

scanni ng each shegheSkBAPaPRTE! ¥ W idhs FILELIGNIME dbseeeivbo provide 15

for each sheet a nultiplicity pi xel s .each represented by a brightness

val ue; a pIuraI|t9°BPaEéﬁﬁ&r8¢oF R%ﬂ?%ﬂﬁﬁﬁeﬂ?b%ﬁeﬂ t%aﬁhfphée with
respective one of eacnl btalghtme@fs TGRS £dr bwwéﬁ nﬂsé i@é#&étz%aaitf Gmn
presenting, for e c |§eIH §dtga§'ﬁb§%36$ Jve di a dat mo;d ofoﬁplch
each bit Pysi'tion® E BoM@ ARy o B?d ?B gheaps £
accordance Wi th adetgnahnlgoubhlenasthkafbrneghtﬂesi a1l oe dsrﬁamspieemoﬂSI ve to
the digital data mord and cou% .qgé 3ﬁf npg ator_s ste for allow ng 25

effective conparlgBﬁ 6 ® e TH B cH° mAth each
bri ghtness range for which the respectlve bit in the data word has a first

bi nary val ue; and neans fopgdet %g}%oy@nﬂgpetggkg‘g&ngésrggiuelﬂg 2aidprel

Is outside a range with mhlchlt
10 of a multiplicity of sheets 1n separate or continuous

form for tolerable correspondence with a master
sheet, comprising means for presenting said sheets in
+apid- succession; means for scanning each sheet
synchronously with a presentation thereof to provide
15 for each sheet a multiplicity of pixels each
represented by a brightness value; a plurality of
comparator systems each arranged to define a
respective one of a plurality of ranges of brightness
values; means for presenting, for each pixel, a
20 respective digital data word of which each bit
position corresponds to a respective one of said
ranges in accordance with a signal model as defined
in claim 6; means responsive to the digital data word
U and coupled to the comparator systems for allowing
25 effective comparison of the brightness value of each
pixel with each brightness range for which the
respective bit in the data word has a first binary
value; and means for detecting when the brightness
value of a pixel is outside a range with which it is
30 compared. '

o
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