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OF PRINTED TEXTS, MORE PARTICULARLY BANKNOTES

(71) We, GRETAG
AKTIENGESELLSCHAFT, a company
organized under the laws of the Confedera-
tion .of Switzerland, of Althardstrasse 70,
8105 Regensdorf, Switzerland, do hereby
declare the invention for which we pray that
a patent may be granted to us, and the
method by which it is to be performed, to be

- particularly described in and by the following

statement:- "

This invention relates to a method of and
apparatus for testing the quality of printed
texts, the contents of which are composed of
at least two texts originating from different
printing processes, by comparing a sample
with an original and assessing the sample by
reference to the result of the comparison.
The expression “‘text” as used in this context
denotes either words, pictures, or other indi-
cia.

In the printing of new banknotes a very
high printing quality is required. For exam-
ple, printing faults of the magnitude of about
0.1 mm? are unacceptable. The most accu-
rate possible quality control of the printed
texts of all newly printed banknotes is there-
fore necessary. Today this quality control is
carried out visually and in view of the large
number of banknotes to be tested (e.g. 1
million per day) is labour-intensive. In addi-
tion to high labour costs, the quality of visual
control depends on the concentration and
fatigue of the testers. For these reasons,
mechanical quality control of the printed
texts is desirable. .

If all printed texts or banknotes were really
identical in every geometrical detail and in
colour, mechanical control by comparison
with standard printing texts would be rela-
tively simple. For example, the original could
be in the form of a photographic 1:1 negative
and this could be brought into register with
the banknote texts under test, whereupon
only the printing faults or errors being sought
would remain in the text area. .

In practice, however, the texts of bank-
notes under test differ considerably from one
another and have permissible deviations
which cannot be assessed as printing faults or
errors, so that the aforementioned control
method is inapplicable. These acceptable
text deviations include the following:

The difference in the relative position of
corresponding text on different banknotes
up to 1.5 mm originating from different
printing processes (intaglio, offset printing,
and letterpress),

register errors of up to about 1 mm,

irregular distortion of the banknotes which
differs from one banknote to another and
which is due particularly to paper compres-
sion and clamping in the case of intaglio
printing, : o

large-area variations in colour tone of up
to about 6%,

deviations in the position of colour transi-
tions, e.g., from red to green, by.several mil-
limetres,

deviations of the position of the water-
mark,

geviations in the grain of banknote paper,
an

individual errors in areas of up to about
0.02 mm? where they are dispersed over the
note text or are spaced more than 1 mm
apart.

Many of these acceptable deviations bet-
ween the printed texts of the various bank-
note samples being tested are greater than
the smallest printing fault or error which can
still be detected, i.e. of a size of about 0.1
mm? (e.g. 0.3 x 0.3 mm?, or 0.05 x 2 mm?).

The object of this invention therefore is to
provide a method of quality control suijtable
more particularly for mechanical operation
whereby genuine printing faults or errors can
be separated from the acceptable deviations.

According to the invention, separate orig-
inals each having text originating from a dif-
ferent printing process is used, the relative
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position in relation to the sample is deter-

- mined in respect of each original, the text of

the individual originals are combined e.g.
optically or electronically, to form a total
original text taking into account the relative
positions of the originals in accordance with
the text printed one above the other on the
sample, and the texts of the sample are com-
pared with the total original text.

The invention also relates to apparatus for
performing the method. The apparatus
includes a first photoelectric scanning system
operating pointwise for producing reflec-
tance values at each individual scanning ras-
ter point, a second and a third scanning
device identical to the first at least in respect
of the scanning raster, or a first and second
store each adapted to be connected to the
first scanning device and each having a
number of storage places corresponding to
the number of scanning raster points, a rela-
tive position measuring circuit following the
scanning devices or stores for determining
the relative positions of corresponding text
points of the sample and original printed
texts scanned in the three scanning devices
simultaneously or in the first scanning device
successively, and a text comparator circuit
which also follows the scanning devices or
stores and which comprises two correlator
stages which are connected to the second and
third scanning devices and the first and sec-
ond stores and to the relative position
measuring circuit, and which correlate the
reflectance values originating from corres-
ponding text points on the original texts
scanned in the second and third scanning
devices and stored in the first and second
stores in accordance with the relative posi-
tion values of these original printed texts
determined by the relative position measur-
ing circuit, and the sample printed text scan-
ned in the first scanning device, and the cor-
responding text points of the sample printed
text, and comprising a logic operation stage

~ for subjecting the associated reflectance val-

ues of the original printed texts to the logic
operation, and a comparator stage for com-
paring the original reflectance values after
being subjected to the logic operation, and
the associated reflectance values of the sam-
ple printed text, and a fault computer follow-
ing the comparator stage for evaluation of
the results of the comparison.

A preferred embodiment of the invention
will be explained hereinafter in detail with
reference to the accompanying drawing
wherein:

Figure | is a block schematic diagram of
onc embodiment of apparatus according to
the invention.

Figure 2 shows details of Figure 1 to an
enlarged scale.

Figures 3a-8¢ show examples of raster
zones and their reflectance curve.

Figures 9a to 9d show reflectance curves to
explain the low-pass filtering.

Figure 10 illustrates a stylized banknote on
which is superimposed raster zones and the
division into sections.

Figures 11 to 13 are block schematic diag-
rams of various details of Figure 1.

Figures 14a to 14c are details of scanning
rasters.

Figures 15 and 16 are block schematic
diagrams of other details of Figure 1,

Figures 17 to 24 are diagrams further
explaining the low-pass filtering,

Figures 25a to 28c¢ are diagrams for expla-
nation of the evaluation of errors, and
hilllsigures 29a to f show examples of “fault

ills™. :

The apparatus illustrated in Figure 1 is
intended for printed products having text
applied by two different printing methods.
For example, they may be banknotes, as
illustrated, which have an offset printed text
and an intaglio printed text. As already
stated, two separate originals, each contain-
ing only the information required for each
individual printing method, are used for
printed products of this kind and the relative
positions of the printed product under test
are determined separately with respect to
each original. Accordingly, the apparatus is
provided with three identical scanning sys-
tems one for the sample under text Dr, one of
the original Dt bearing the intaglio printed
text, and one for the original Do with the
offset printed text. If the sample Dr contains
other information printed by different
methods (e.g. letter-press) in addition to the
intaglio and offset printed information, then
a corresponding number of additional scan-
ning systems would have to be provided for
the additional originals.

The subscripts P, T, O to the reference
numerals used in the drawings relate to the
sample (P), the intaglio original (T) and the
offset original (O), but for the sake of simpl-
icity they are omitted hereinafter where
there is no risk of confusion.

The scanning systems for the sample Dr
and the originals Dt and Do each comprise a
gripper drum W, the drums being fixed on a
common shaft 1 mounted for rotation in
bearings 2 and driven in the direction of
arrow X via a motor (not shown), animaging
optical system 3 with an aperture diaphragm
4, photoelectric transducers 5, an amplifier 6
and an A/D converter 7.

The gripper drums are suction drums
known per se, having suction slots recessed
into their circumference and connected to a
suction source (not shown). A particularly
advantageous and convenient gripper drum
of this type is described in Application No.
41604776 Serial No.1550854.

The photoelectric transducers are arrays
of photodiodes comprising a plurality of
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single “diodes disposed in a straight line.
These photodiode arrays are arranged paral-

“lel to the drum axes and receive the light

reflected from each generatrix of the prints
fixed on the gripper drums. The illumination
source for the prints has been omitted for the
sake of clarity.

The positions of the scanning raster points,
and hence the scanning raster, are fixed by
the distances between the individual diodes
of the arrays and by the speed of revolution
of the gripper-drums. A central control unit
23 ensures that each individual diode of the
arrays is interrogated once during the rota-
tion of the drums over a distance correspond-
inig to the distance between two lines of the
raster. The electrical signals produced by the
individual photodiodes are fed to the ampli-
fiers 6 and, after amplication, are digitalized
in the analog/digital converters 7. The
reflectance values of the individual raster
points of the prints being scanned then
appear in sequence line by line on the raster
at the outputs 8 of the A/D converters 7, in
the form of electrical digital signals.

As shown in broken lines in Figure 1, the
individual scanning systems for the two orig-

* inals Dt and Do could be replaced by stores

26 and 27 having a number of storage spaces
corresponding to the number of points in the
scanning raster of the remaining scanning
system for the sample. The two originals D
and Do would then have to be scanned,
before the actual test is carried out, by means
of the sample scanning system, and the resul-
tant reflectance values stored in the stores 26
and 27, from which they could then be with-

. drawn for further processing.

" The prints may be scanned not only to
determine the brightness of the -reflected
light, but also to determine its colour com-
position. This -would be somewhat more
expensive, since a separate scanning system
would be required for each colour. Theoreti-
cally, however, it would proceed in the same
way as the monochrome scanning described
here. '

'The reflectance values of the individual

‘raster points of the samples and originals as

detected by the three scanning systems are
fed to a text comparator circuit 28 and also to
a relative position measuring circuit 29. In
the latter the relative positions of the corres-
ponding points of the text on the sample and
originals are determined and fed via lines 40
to a text comparator circuit 28, where the
correlation of the points on the sample and
the originals is corrected by reference to
these relative positions and then the actual
text comparison is carried out. Before these
operations the light and dark level are bal-
anced for the sample and for the original.
The circuit 29 comprises three gates 9p, 91
and 9o, controlled by a control stage 17, a
mixer stage 11, a subtraction stage 12, a

summation stage 13 also controlled by con- -

trol stage 17, a store 14, a position computer
15 and a position store 16. :
Stage 17 controls the gates 9 so that only
reflectance values of raster points associated
in each case with specific zones of the raster
can pass to .the mixer stage 11 and subtrac-
tionstage 12. In the mixer stage 11 the reflec-
tance values passed by the gates 9rand 9o are
associated with one another so that the
resulting mixed product is directly compar-
able with the reflectance values passed by the
gate 9p. This allows for the fact that the origi-
nals each have only one text, while the sam-
ple contains two texts printed one on top of
the other. The mixer stage 11 electronically

‘simulates an original having two texts printed

one on top of the other. The mixer stage 11
is, in practice a multiplication circuit. The
reflectance values of the raster points of the
originals as selected by the control stage 17
mixed in the mixer stage 11 are subtracted
from the reflectance values of the corres-
ponding raster points of the sample in the
subtraction stage 12.

The resulting reflectance difference values
are added separately by sign in the summa-
tion stage 13 over a given group of raster
points in a raster zone. The resulting negative

“and positive totals are stored temporarily in a

stage of the store 14. A series of position
values Pj is formed in the position computer
15 from the stored totals by interpolation
and extrapolation and this series is loaded in
the position store 16 from which it can be
called therefrom via lines 40 for evaluation
purposes, e.g. for reflectance value correc-
tion on text comparison. The block schema-
tic diagram of an apparatus for these opera-
tions is shown in the top left-hand part of
Figure 1 and will be explained hereinafter.

Figure 13 shows a preferred embodiment
of the control stage 17 in detail. The control
stage 17 is substantially a correctable pre-
selection counter -and comprises a correct-
able preselection store 173, a comparator
175, a counter 176 and a raster zone dis-
placement stage 172. The counting cadence
174 coinciding with the scanning cadence is
fed from the central control unit 23. The
serial numbers of all those raster points
whose associated scanned reflectance values
are to be processed further, are stored in the
preselection store 173. As soon as the
counter 176 reaches one of these stored
numbers, the comparator 175 emits a pulse
which opens the gate 9 for the associated
raster point. The preselection store 173 is
correctable, i.e., the serial numbers can be
increased or reduced by specific amounts by
the application of a suitable correction
signal. Certain summation values selected
from those stored in the store 14 are used to
produce this correction signal by means of
the raster zone displacement stage 172, as
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will be explained hereinafter.

Figure 11 shows an embodiment of the
summation stage 13 in greater detail. It com-
prises a shift register 135, two groups of gate
circuits 1392 and 139b each connected, via
lines 137, 138, to an output of the shift regis-
ter. two summation circuits 131, 132 each
connected to one of the gate circuit groups,
two threshold detectors 131a and 1324 con-
nected to the summation circuits, and a dis-
criminator circuit 133 connected to the
threshold detectors.

The reflectance differences arriving from
the subtraction stage 12 pass to the shift
register 135. For example. a reflectance dif-
ference indicated by the binary digit series
1011010 is shown in the stage furthest right
of the stages of register 135. The eighth bit
136 forms a sign bit, “I” denoting positive
and “O” denoting negative differential val-
ues. The information from shift register 135
passes via the gate circuits 139a or 139 to
the summation circuit 131 or 132 depending
upon which of the gate circuits is just opened
by the sign bit 136. In this way. only the
positive reflectance differences are added in
the summation circuit 131, and only the
negative in the summation circuit 132.

The threshold detectors 131a and 132a
emit a signal as soon as the summation values
at the outputs of thc summation circuits
exceed a given threshold. The discriminator
circuit 133 then determines at which of the
threshold detectors this first occurred and
produces at its output, for example. a logic
“I" when the output signal of the threshold
circuit 131a arrives earier. and a logic “O”
when the output signal of the threshold cir-
cuit 131a arrives later than that of the other
threshold circuit 132a. Together with the
summation values formed in the summation
circuits 131 and 132 this information now
passes to the next storc 14. As will be
explained hereinafter. the output informa-
tion of the discriminator circuit indicates the
direction of the relative positional distance
between the sample and the original.

A block diagram of the position computer
15 is shown in Figure 12. It comprises a con-
stant value store 154 and a number of sub-
stantially identical computing circuits each
having multipliers 151 to 153 and a sum-
mator 130. only one of such circuits being
shown for the sake of simplicity. The number
of computing circuits depends on the way in
which the objects of comparison arc divided
up into sections. as will be described
hereinafter. One input of each multiplier is
connected to a storage place of the
constant-value store 154 and another input
to the storage places 140 and 141 of the store
14 connected in scries with the position com-
puter 15. The outputs of the multipliers are
connected to the inputs of the associated
summator. The outputs 135 of the individual

summators 150 have position values Pj,
which are related, via the equation Pj = X
Kii.Si, to a specific number in each case of the
sum values Sistored in the store 14, Kijdenot-
ing the multiplication constants stored in the
constant-value store. The significance of
these position values is explained hereinaf-
ter.

The text comparator circuit 28 comprises
three intermediate stores 10r, 10T and 100,
two correlators 18 and 19 each connected to
the position store via a line 40 and control-
ling the intermediate stores, a mixer stage 20,
a subtraction stage 21 and an error computer
22.

The reflectance values of the sample and
the originals pass from outputs 8 of A/D
converter 7 to the intermediate stores 10,
where they are provisionally stored. The
reflectance values stored in the intermediate
stores 10T and 100 are fed to the correlators
18 and 19 in accordance with the position
values fed to them, and are associated in the
mixer stage 20 in the same way as in the
mixer stage 11 of the evaluation circuit 29.
These associated original reflectance values
are then subtracted in the subtraction stage
21, similarly to the subtraction stage 12, from
the sample reflectance values which have
also been fed from the intermediate store 10p
after a predetermined delay. The resulting
reflectance differential values are then
evaluated in the error computer 22 in accor-
dance with specific evaluation criteria. The
individual functions are again controlled by
the central control unit 23.

For a better understanding of the opera-
tion of the correlators 18 and 19 and of the
intermediate stores 107 and 100, Figures 14a
to 14c¢ will first be explained. These each
show a detail of the identical scanning rasters
of the three scanning systems, Figure 14a
relating to the sample, Figure 14b to the
offset original and Figure 14c to the intaglio
orignal. The distance (K) between each two
raster lines 41 is the same in both directions.

Figure 14a shows a selected text point
reference Pr. As a result of inaccuracy, for
example. when the sample and the originals
are fixed on the drums, the original text
points corresponding to the sample text point
Pr will as a rule not coincide with the raster
points (Pe) of the original scanning raster, but
will be at a varying distance therefrom ( AX-
tol)o. (AY!O\)O. (AX(O[)T. (AYrol)T, e.g. at the
intermediate points (Pax. av)o and (Pax.aY)T.
As a rule. as illustrated. these intermediate
points will not coincide with a raster point
but be situated somewhere between four sur-
rounding raster points P, ... Ps. The dis-
tances between the intermediate points and
the surrounding raster point P, nearest the
points (Pr) in each case have the references
AX and AY. The original reflectance values
at these intermediate points are now deter-
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mined from the original reflectance values in
the respective four surrounding raster points,
preferably by linear interpolation. These
interpolation values are then passed to the
mixer stage 20 exactly when they arrive at
the subtraction stage 21 together with the
reflectance value of the sample point Prfrom
the intermediate store 10p.

Figures 15 and 16 show the intermediate
stores 10o and 10t for the originals and the
correlators 18 and 19'in greater detail. Each
of the two intermediate stores comprises a
random access write-in store. (RAM) 101
and an interpolation computer 104. The two
correlators each comprise a routing device
195, two quotient formers 182 and 183, four
stores 184, 185, 186 and 187, and a control
programmer 190. The quotient formers and
the stores are combined in a quotient compu-
ter 196. The sample intermediate store 10p
contains in general only one RAM and is
therefore not shown in detail.

The position values AX and AY (corres-
ponding to AXwi and AYe in Figures 14b
and 14c¢) determined in the measuring circuit

29 and fed to the correlators 18 and 19 via

the leads 40 pass to the input 197 of the
routing device 195 (Fig. 16). This passes the
AX values to the quotient former 182 and
the AY values to the quotient former 183.

In these, the position values are divided by
the raster distance K. The whole quotient
values (whole numbers) are then fed to the
stores 184 and 186, any remainders (proper
fractions) are fed to the stores 185 and 187.
The whole quotient values correspond to the
distances (AXw- AX) and (AYee - AY) bet-
ween the points (Pr) and P, in Figures 14b
and 14c, the remainders corresponding to
the distances AX and AY-between P; and
the intermediate points Pcax.av). The whole
quotient values are then passed via lines 193
and 194 to the control programmer which,
according to these values, generates a selec-
tion timing pulse from the control timing
pulse fed to it via lines 191 from the central

control unit 23. The selection timing pulse on -

output 192 of the control programmer is fed
via a line 106 to the RAM 101 of the inter-
mediate store 10 (Fig. 15) respectively con-
nected to the correlator. The remainders
from the stores 185 and 187 pass via lines

188 and 189 to the inputs 107 and 108 of the

interpolation computer-104 of the associated

- intermediate store:

The reflectance values arriving from the

outputs 8 of the A/D converters 7 are stored -

in the RAM’S of the three intermediate
stores. The control timing pulse fed via lines
102 to each RAM from the central control
unit ensures that reflectance values from ras-
ter points with the same serial number are
stored in all three RAM’s under the same
address in each case.

From the RAM’s 101 of the two inter-

mediate stores 100 and 10r, the reflectance
values then pass via transfer lines 109 simul-
taneously from -each four adjacent raster
points to the associated interpolation com-
puters 104. Selection of the four raster points
is effected by the selection timing pulses pro-
duced by the control programmers 190. The
interpolation computers 104 now determine
the reflectance values of the intermediate
points defined by the -AX and AY values at
the inputs 107 and 108 and pass these to the
mixer stage 20 via the outputs 105. At the
same time, the reflectance values of thé sam-
ple raster points corresponding to the respec-
tive intermediate points are called from the
RAM of the sample intermediate store 10p.

The . interpolation itself is advantageously
linear and is preferably effected in discrete
steps by appropriate division of the raster
distance K. The procedure may be such that
two interpolation values are first formed
between each pair of raster points on each
raster line and then another interpolation
process is carried out to determine the defini-
tive reflectance value of the intermediate
points from these interpolation values. Of
course other interpolation processes are also
possible.

The determination of the relative positions
of corresponding points of the text of the
sample and the originals as carried out in the

‘measuring circuit 29 will be explained in
detail below.

As already stated hereinbefore, determi-
nation of the relative positions between the
sample Dr and the originals Dt and Do by

‘means of common orientation of the text

edges, is inadequate. According to a method
in accordance with this invention, therefore,
a plurality of selected small positioning text
zones distributed over the entire text area are
used for the measurement. The relative posi-
tions of corresponding zones of the sample
and the original are determined and the rela-
tive positions of the individual text points are
determined therefrom by calculation. Pref-
erably, however, the relative position of cor-
responding text points is not computed indi-
vidually; instead, the text area is divided up
into individual sections and in an approxima-
tion sufficient in practice it is assumed that
text points within corresponding sections
have identical relative positions, so that only
the relative positions of -the individual cor-
responding sections need to be determined.

Figure 10 is an example of the divisioninto

sections and the distribution and arrange-
ment of positioning text zones. The printed
text D is divided up into 60 sections F; .....
Feo. Eight positioning text zones Px; ... Px,,
Py, ... Py, are distributed over its surface. The
selection or arrangement of these positioning
text zones is such that they each comprise
text portions having highly contrasting text
edges. the text edges in the Px zones being at
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right angles to those in the Py zones. In addi-
tion, the text edges should, as far as possible,
extend in the axial or in the circumferential
direction of the gripper drums. The advan-
tages of such a positioning text zone selection
will immediately be apparent from the fol-
lowing.

A further criterion for selection of the pos-
itioning text zones lies in the differences bet-
ween the contents of the individual originals.
Referring to Figure 1, the positioning text
zones are so selected, for example, that some
of them fall on these parts of the text where
sample Dp contains only information from
one or other printing process, but not from
both printing processes simultaneously. For
example, the positioning text zones Px(m and
Py(m of the sample fall only on a portion of
the text applied by the intaglio process, as
will be immediately apparent from the offset
original Do, which contains no information
at the corresponding places. Similarly, the
positioning text zones Px(o) and Py(o) fall on
purely offset-printed portions of the text. For
measurement of the text zone relative posi-
tions, of course, the corresponding original
positioning text zones Px*m, Py*m, and
Px*©), Py*o) on the associated originals Dt
and Do must be used.

For an understanding of the following it
must be remembered that the concept of a
positioning text zone relates to the text, i.e.,
designates a specific section of the text area
of the sample or original. Against this, raster
zones, which term is hercinafter used to
designate groups of raster points of the scan-
ning raster, is related to the scanning raster
and is in effect stationary. In other words,
corresponding raster zones of the different
scanning systems contain raster points with
exactly the same serial numbers.

The relative position of two associated
positioning text zones on the sample and the
original is now determined by selecting and
thus fixing an appropriate raster zone to
coincide with the positioning zone on the
original, and then determining for the sample
and the original the reflectance values in the
individual raster points of this raster zone
which is fixed for all the scanning systems,
and comparing them with one another. If the
sample is not identically aligned with the
original at every point of the text in respect of
the scanning rasters, the sample positioning
text zone will not coincide with the stationary
raster zone and the reflectance values in the
raster points of the sample will therefore not
coincide with those of the original. The
degree of coincidence is then evakuated, as
described hereinafter, for determination of
the relative position.

Selection of the raster zones and hence of
the positioning text zones is effected elec-
tronically, in control stage 17 by appropriate
programming of the preselection store 173.

Figure 2 shows a detail of the text of the
sample Dr and the intaglio original DT on an
enlarged scale. The chain-dotted squares
denote the position of the raster zones in
relation to the text detail on the sample and
the original. Fig. 3a shows the reflectance
curve I in raster zone Px(r) of the sample on
one line of scan in the X-direction
(peripheral direction of the gripper drum)
from X, to X;. Fig. 3b shows the reflectance
curve I along the same raster line in the case
of the original. Fig. 3¢ is the curve showing
the difference Al of the reflectance values.
The area under the difference curve Alis a
measure of the relative position AX of the
associated positioning text zones with
respect to the X-direction. A positive area
means that the original is shifted in the
plus-X direction as compared with the sam-
ple or the original positioning text zone
under investigation in comparison with the
corresponding positioning text zone on the
sample.

In practice, of course, it is not just a single
raster line, but the entire raster zone, that is
scanned. Averaging over the individual
scanning lines can then be carried out to
compensate, for example, for the influence
of any printing irregularities.

Figures 4a and 4b show the reflectance
curves I and I* on scanning of the raster
zones Pym and Py*m in the Y-direction
(parallel to the gripper drum axis) along the
same raster line from Y, to Y. Figure 4c
shows the curve for the reflectance differ-
ence Al = I-1* The area of the reflectance
curve is a measure of the relative position
AY of the associated positioning text zones
with respect to the Y-direction. The negative
area in this case means that the original is
shifted in the minus-Y direction as compared
with the sample in the positioning text zone
under investigation.

For the reasons explained hereinafter, it
has been found advantageous to make the
imaging of the printed texts on the photo-
diode arrays somewhat unsharp. The reflec-
tance curves are smoothed by the introduc-
tion of unsharpness. The reflectance curves
given in Figures 4a - 4c are shown in Figures
5a to 5c in the case of unsharp image as an
example.

The continuous reflectance curves shown
in Figs. 3a to 5¢ are ideal curves which would
result from continuous scanning. The curves
actually consist of discrete steps which result
from scanning in discrete raster points.

In Figure 5d, which shows the same reflec-
tance difference curve as Figure 5c but to an
enlarged scale, the discrete raster points b,
..... b s are plotted with their discrete reflec-
tance difference values Al, ... Als. Fig. 5e
shows a raster zone Py(r) with raster points
marked by minus signs.
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As already stated, the areas.of the reflec-
tance difference curves form-a measure of
the relative positions AX and AY. These
areas can now readily be determined by
summation of the discrete reflectance-value
differences along a raster. line (within the
raster zone concerned). The sum is taken not
just over a single raster line, but over all the
raster lines or all the raster points of the zone
in question. This sum value Si is, of course,
also a measure of the relative position of the
associated positioning-text zone, but without
any random influence and is therefore more
reliable. o

Figure 6 shows a reflectance curve similar
to Figure 5a with plotted raster points Yo, b4
...bs, Y1. A continuous curve line 31 is shown
in broken lines (corresponding to Figure 5a),
while a curve line 32 1s shown in solid lines
being made up of individual straight lines
connecting each pair of discrete reflectance
values Ib. It will readily be seen that the posi-
tion error Yr at I mitt occurring in the case of
discrete scanning and linear interpolation
between two discrete reflectance values
(instead of continuous scanning with a con-
tinuous curve) is negligible at the steep
points of the reflectance curve relevant to the
determination of the relative positions.

Figures 7a to 7g serve to explain the fact
that the positioning text zones selected for
determination need not necessarily always
have a sharp text edge, i.e., two sharply con-
trasting substantially homogeneous zones
with a relatively sharp boundary line, but
that suitable positioning text zones may con-
tain, for example, a line, i.e. a linear zone on
a highly contrasting background zone. Figure
7a shows the position of such a line S* on the
original and a line S* on the sample with
respect to the stationary scanning raster rep-
resented by the coordinate axis X. Figure 7d

- shows the same lines but with a larger dis-

tance AX between them. Figures 7b and 7e
show the curves of the reflectances I and I*
for the liné arrangements according to Fig-
ures 7a and 7d, and Figs. 7c and 7f show the
corresponding reflectance difference curves
Al

The main difference from the reflectance
difference curves in' the case of positioning

. text zones with text edges is that the reflec-

tance difference values now occurring are
not just of one sign, but of both signs. While
the absolute value of the relative position
AX is given solely by the sum of either the
positive or negative reflectance differences
extending over the entire raster zone area,
the sign of the relative position depends on
whether the positive or the negative reflec-
tance differences first occur on scanning
along araster line. Fig. 7g shows araster zone
Px(m, in which those raster points in which
positive reflectance differences occur in
accordance with Fig. 7f are marked with a

plus sign and the other raster points with a
minus sign. .

Evaluation of whichever sign first occurs
with the reflectance differences effected in
the summation stage shown in Figure 11.

Figures 8a to 8c show that the text edges in
the position text zones need not necessarily
extend in parallel to the raster lines of the
scanning raster (directions X and Y), but
may also extend at an angle thereto. The two
rectangular raster zones P; and P, in Figures
8a and 8b are also inclined at an angle to the
coordinate X axes (Fig. 8c). The text edgesin
the sample and the original are denoted by
K, K1 *and K, K, * respectively. The sums

‘of the reflectance value difféerences meas-

ured at the raster points marked + are then a
measure of the distances AS; and AS; bet-

weer the associated text edges. The relative -

positions AX and AY of the positioning text
zones can then be determined easily from
these distances by way of the (known) angles
¢; and ¢, of the text edges to the coordinate
axes. .
Figures 9a to 9d show the influence of
different text information structures on the
required accuracy in determining the relative
positions of the associated text zone. Figure
9a shows three text structures successively in
the X-direction as are typical of banknotes.
The first structure is an area of homogeneous
density with two defining text edges BK1 and
BK2. The second structure is made up of a
fine line structure and a homogeneous area,
the line structure having a density which
increases in the X-direction. The boundary
edges of the homogeneous area are denoted
by BK3 and BK4. The third structure com-
prises a row of coarser lines BKS5. Figure 95
shows the reflectance curves associated with
the individual text structures in the case of
sharp imaging. In Figure 9c, the solid line
shows the reflectance curve of the same text
structures with unsharp imaging. The broken
line shows the reflectance curve of an identi-
cal text structure which is imagined to be
displaced by AX. Figure 94 shows the curve
of the differences of the two reflectance

curves I and I* in Figure 9c. It will be clear

that relatively considerable difference values

structures which contain sharp text edges.
The .relative positions must therefore be
determined very accurately in these portions
of the text even here very small displace-
ments occurring between the sample and the
original and not corrected by the relative
position measurement can lead to faulty
interpretation on comparing the sample with
the original. Text portions having toned
areas or coarser line structures are less suit-
able for determining the relative positions.
The relative positions need not be.deter-
mined so accurately here, however, because
in such portions of the text relatively small

70

75

80

85

90

95

100

105

110

115
Al occur only at those points of the text

120

125

130



1,583,071

10

15

20

25

30

35

40

45

50

55

60

65

positional deviations are not so important.

Generally, it will be possible practically
always to sclect the positioning text zones so
that they contain text edges extending paral-
lel to the raster lines. However, the denser
zones of these positioning text zones will
hardly ever be homogencous or consist of
just a line structure with tone lines parallel to
the text edge. As a rule, the tone lines will
extend at an angle to the text edge so that the
latter does not appear sharp but frayed.
These frayed text edges can, however, be
made artificially sharper by controlling the
defocussing of the edges when imaging them
on the photodiode arrays. Of course an elec-
tronic low-pass filter system could be used
instead of unsharp imaging.

Referring to the foreging, therefore, a
series of positioning text zones, i.e. at least
two but preferably 10 to 20 per original, are
selected and the relative position in relation
to the corresponding zone on the original is
determined for each individual zone. As
alrcady stated, the sum values Si of the reflec-
tance differences formed for each raster zone
associated with a positioning text zone are
then a measure of the relative positions AX
and AY. On the basis of the special selection
of the positioning textzones with text lines or
text edges parallel to the raster lines, only the
relative positions AX are present for certain
positioning text zones and only the relative
positions AY for others. The former have the
references Px: .... Pxs and the latter Pxi ...
Pvs, as shown in Figure 10.

Because of their selection criteria, the pos-
itioning text zones are generally distributed
fairly irrcgularly over the text area. For com-
paring the sample with the originals, how-
ever, the relative positions of all the text
portions must be available. Consequently,
the print is now divided up as shown in Figure
10 into, for example, genuinely equal sec-
tions, and the relative position (AX,AY) of
the individual sections is calculated by inter-
polation and extrapolation from the relative
positions of the positioning text zones near-
est cach section. Taking index j as the
number of-a section and the index i as the
number of a sum value or a relative position
AX or AY of a positioning text zone, the
relative positions AXr; and AYF; of the sec-
tion Fj are calculated in accordance with the
following formulae:

e = ¥ K¢ AX,
j i i,
AYL T Ky Ay,

In these formulae, Kx;; and Ky;; denote
empirically determined interpolation con-
stants depending essentially on the distance
Dx;; and Dy;; (Fig. 10) between the position-
ing zone of number i and the centre of the
section of number j. The indices X and Y
relate only to the allocation of the constants
K to AX-positioning text zones or to AY-
positioning text zones. Depending on the
positions of the sections j the sums extend,
for different values ofj, over the same or over
different i-values. For the section No. 27
shown in Figure 10 the above formulae
explicitly read as follows:
AXF27 = KX4'27 . AX4
AX3 + KX2.27 . AXz

+ KX3‘27 .

AYFy; = Kvsag .
AY; + Kyyp - AY;

AY, + Kvs,; .

These calculations are carried out in the
position computer 15 already described. The

contents K are stored in the constant store

154.

The following approximation formulae
may also be used to fix the constants Kx;; and
Ky;

1)

Kij @ Ki+1j 1 Ki+2j =
1 1
: C c
D Div1j Dis2,

where ¢ is an empirical constant which may,
for example, be 1. The formula is valid both
for Kx;; and also Ky;;; the indices X and Y
have therefore been omitted. The following
conditions should also be satisfied:

0<Ky <1; 0<Ky <I
1,_] l,_]

s K =1 3K =1

iXy i Yy

In some cases it may be necessary to use
not only the nearest positioning zones for
calculation of the relative positions of the
individual sections, but also positioning
zones situated farther away, e.g. the zone Px,
(with the relative position AX,) for the sec-
tion F,; in Fig. 10. Since the positioning text
zones farther away are to some extent
screened by the nearer zones, their influence
must be proportionally reduced, and this can’
be done. for example, by multiplying the
associated expression Kij . AXx by a screen-
ing factor sin @kij. where the latter denotes
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the angle at which the distance between the
screened positioning text zone Px and the
screening positioning text zone Pi appears
from the centre of the section F«.

Up till now only translatory relative dis-
placements between the sample and the orig-

inals have been taken into account. Of course

rotational displacement can also be included
in calculating the relative positions of the
corresponding sections. To this end, prefer-
ably. two positioning text zones situated as
far apart as possible, e.g. Py and Pys in Fig-
ure 10, are selected and the angular dis-
placement of the entire original from the
sample is determined from their relative pos-
ition difference (e.g. AY3-AY,) by division
by the distance between them. '

In Figure 1, only text information of a
single printing method (only intaglio or only
offset printing) was present in the selected
positioning text zones. This is the optimum
case, since with this system the independent
relative position determination is not dis-
turbed by the other type of print. The mixer
stage 11 in such cases operates rather as an
OR gate, since text information comes either
only from the offset original or only from the
intaglio original. However. it may be neces-
sary to use positioning text zones in which
information from both printing method is
present, e.g. a pronounced text edge from
one printing method and a less pronounced
line or tone structure from the other printing
method. In that case, the mixer stage 11 acts
as a superimposition print computer which
from the individual reflectance values of the
intaglio and offset originals calculates the
combined reflectance values which should
correspond to those of the sample containing
both prints. The resulting abrupt changes in
reflectance at edges of the text, for example,
after the mixer stage will be equal to those of
the sample. so that the correct differential
values can be formed in the subtraction
stage.

As already described. selection of the ras-
ter zones and hence of the positioning text
zones required for determining the relative
positions of corresponding zones in the sam-
ple and originals. is effected by appropriate
programming of correctable preselection
store 173. Since the relative positions to be
determined may be in a fairly large range, the
positioning text zones must be selected to be
relatively large to ensure that the subsequent
processing produces a reliable result. How-
ever. the larger the positioning text zones are
made. the less the expected accuracy and the
longer the computing time required. To keep
the positioning text zones as small in area as
possible, their position is corrected by refer-
ence to arough position mearurement. To do
this the relative positions. AX. AY of
specific selected position text zones are
measured and supplied as correction values

to the correctable preselection store. The
other positioning text zones or raster zones
are then corrected according to ‘these
selected relative positions. Selection of the
relative position values or positioning text
zones used for this correction is effected by
the raster zone displacement stage 172 which
has already been mentioned hereinbefore
and which is suitably programmed. Of
course, these raster zones or positioning text
zones used for correction are so disposed that
their scanning is complete before scanning
the other positioning text zones.

It is also advantageous so to select the
positioning text zones or raster zones that no
raster point of a zone is situated in the same
raster line (Y-direction) as a raster point of
any other zone. The circuitry is thus simp-
lified considerably for the summation of the
reflectance differences, which is carried out
separately for each raster zone.

Some of the problems associated with the
actual scanning itself will be explained in
detail hereinafter. .

As already stated, the relative positions
between the points of the sample and the
originals will only rarely be exactly equaltoa
multiple of the raster distance K and will
usually be fractions thereof, so that the origi-
nal reflectance values used for the text com-
parison must in each case be formed by

interpolation from the reflectance values of

the raster points adjacent the text points in
question. To minimise computer outlay and
hence circuitry, it is preferable to use linear
interpolation. To ensure that the resulting
interpolation error remains sufficiently
small, however, certain conditions must be
satisfied when scanning the text. This will be
explained with reference to Figure 17, which
shows an example of a reflectance curve
along a raster column (gripper drum cir-
cumferential direction X).

The continuous reflectance curve ' is
formed from the discrete reflectance values
at the individual raster points, of which the
points P, ... P, are shown with their associ-
ated reflectance values I, ... I,. The distance
between the raster points is K. If the reflec-
tance value I« of the intermediate point P.
having a distance AX. from the raster point
P, is formed by linear interpolation from the
two reflectance values I, and I, then this
practically coincides with the actual reflec-
tance value of the point P. The interpolation
error is therefore negligibly small in the ris-
ing portion of the curve. The situation is
however different at the top of the curve
where the interpolated reflectance value In*
of the intermediate point Pvdeviates percept-
ibly from the actual value Iv. In the example
interpolation error is 10%. As will readily be
seen, the maximum interpolation error will
rise, with the given raster distance K, at the
maximum frequency contained in the reflec-
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If therefore the interpolation error is to be
kept small and the raster distance is not to be
too small, care must be taken to ensure that
the reflectance spectrum does not contain
excessively high frequencies. In other words,
the reflectance spectrum must be low-pass
filtered. A reduction of the raster distance
would be equivalent to increasing the
number of raster points and hence would
greatly increase computer outlay at least in
respect of time. It has been found convenient
in practice to select the critical frequency fo
of the low-pass filtering system, i.e. the fre-
quency whose amplitude is to be attenuated
to half the amplitude of the frequency zero
during filtering. so that the associated critical
period length Te = 1/fc is at least 4 to 5
times greater than the raster distance K. The
reflectance curve shown in Figure 17 repres-
ents a wave train cycle having the critical
frequency fc where the conditions Te = 5K
is satisfied. Taking into account the fact that
the amplitude is already attenuated to half at
the critical frequency fo. the maximum inter-
polation error of 10%is no longer important.

In practice. the raster distance K may. for
example. be 0.2 mm and the critical cycle
length Te may accordingly be I mm.

Low-pass filtering is to some extent
already achieved by defocussing the images
of the prints on the individual diodes of the
photodiode array as mentioned hereinbe-
fore. The individual photodiodes of the
arrays are of course not ideally punctiform
but square having side lengths K equal to the
raster distance. The centrepoints of the
photodiodes then define the raster points of
the scanning raster. With sharp imaging, only
light from a square point of the text having
the dimensions K.K would reach each
photodiode. As a result of defocussing the
points of the text imaged on each photodiode
are. however. increased in all directions by
half the diameter du of a circle of confusion.
The individual photodiodes therefore
receive light from a substantially square text
spot having a side length (K +du). In these
conditions the light radiating from the centre
of the text spot has a greater effect on the
photodiode than the light from peripheral
zones of the text spot. so that with unsharp
imaging there is a triangular transfer function
(in cither dimension X or Y) with the apex at
the centre of the text spot. This transfer func-
tion. however. does not yet have the required
low-pass effect. i.e.. the proportions of the
higher frequencies in the reflectance spec-
trum are still too high.

To obviate this. the aperture diaphragms 4
disposed in the paths of the scanning beams
are specially constructed to have a transpa-
rency which decreases outwardly from the
optical axis. The transparency curve is given
in Figure 19. The solid line Ty applies to the

direction parallel to the drum axes (Y) while
the broken line Tx applies to the circumfe-
rential direction (X). R denotes the radius of
the aperture diaphragms. The slight differ-
ence in the transparency curve for the two
coordinate directions results in lines of the
same transparency which are not circular but
substantially elliptical. By means of this
deviation from rotation symmetry it iS poss-
ible to compensate for the influence of the
continuous rotation of the drums. As shown
in Figure 18, a text point moves past the
photo-diode in the direction X by an amount
equivalent to the raster distance K on rota-
tion of the drum during scanning. This results
in a distortion of the transfer function in the
X-direction, which with sharp imaging
becomes triangular as does the transfer func-
tion when the image is defocussed and drum
stationary. For linear interpolation, how-
ever, it is of extreme importance that the
transfer function should be rotation-
symmetrical. The asymmetry due to drum
movement is now precisely compensated for
by the asymmetrical transparency curve of
the aperture diaphragms, so that finally the
transfer function is rotation-symmetrical.
The circle shown in Figure 18 with the
diameter T indicates the size of the text spot
covered by a photo-diode, the size being
dependent upon the special selection of the
transfer function. :

With the transparency curve shown in Fig-
ure 19 of the aperture diaphragms 4 the
resulting transfer function has the profile
shown in Figure 20. As will be seen from the
Fourier transform of this transfer function
shown in Figure 21, text frequencies with
cycle lengths equal to or greater than the text
spot or base circle diameter T are attenuated
by 50% or more.

Figure 22 is a detail of a scanning raster
having raster lines 41 and 42 and a raster
distance K. Reference 5 denotes the text spot
sharply imaged on a photodiode. The solid-
line circle of diameter T denotes the text spot
actually covered by the photo-diode as a
result of defocussing. The broken-line circles
define two adjacent text spots in the
X-direction. The small cross-hatched area 43
denotes a printing fault.

Figure 23 again shows the transfer func-
tion of Figure 20. References P .... Ps denote
points at different distances from the centre
of the text spot. The evaluation factors By ...
B¢ denote the contributions made by the
points P, .... Ps to the reflectance value of the
relevant text spot as determined by the
photo-diode. Thus when the points Pi of the
text spot have the reflectance valuesI;...., the
total reflectance value of the text spot is
equal to the sum of the products of Ii with the
corresponding evaluation factors Bi over the
entire text spot. (The above-mentioned
points Pi; must not, of course, be confused

70

75

80

85

90

95

100

105

110

—
—
N

120

125

130



11

1,583,071

11

10

15

20

25

30

35

40

45

50

55

60

65

with the raster points). :
The mean text spot size Fm is defined as
that area having a diameter Im which, given
homogeneous reflectance (density) over the
entire area at constant maximum evaluation
Bn, has the same effect on the photodiode as

‘the total text spot with outwardly decreasing

evaluation. This mean text spot size Fm gov-
erns the sensitivity of the system to small-
area printing faults. If, for example, a black
error spot 43 (Fig. 22) of size Ftis situated in
a white section, the relative reflectance varia-
tion measured by the photo-diode due to the
error spot is Fr/Fm. The percentage reflec-
tance variation cannot be too small since the
accuracy and resolution requirements of the
scanning systems (photodiodes, amplifiers,
and A/D converters) would be excessive.
This means that there must be alower limit to
the smallest error spot detectable, i.e., ration
Fr/Fn for a reasonable outlay for the scan-
ning system; it is nevertheless still possible to
detezct fault or error spots down to about 0.05
mm-~. o

Fig. 24 shows the transfer functions and
evaluation curves of Fig. 22 for three text
spots situated side by side. Their consider-

~ able overlap (T greater than 4K) ensures that

each fault spot 43 -even if situated between
the raster points - is reliably detected by one
or other photo-diodes with a high evaluation
factor Ba or BB. If the mutual overlap of the
evaluation curves were not so pronounced
then the error spot might be taken into
account only with a relatively small evalua-
tion factor by all the photodiodes in question
and thus might not be detected at all.

The error evaluation method carried out
by the error computer 22 and according to
which the samples are found to be “good” or

““bad” will be explained below. The compu-

ter 22 is, in practice, any suitably program-
med process computer or mini-computer.
Figures 25a and 25b each show to an
enlarged-scale, detail of a sample banknote
text and an original banknote text. It will be
apparent that the sample clearly deviates
from the original at three points having the
references F, to F;. The chain-dotted lines 41

~and 42 extending parallel to the coordinate

axes X and Y indicate the scanning raster
with a raster distance K. Each two pairs of
lines at right angles to one another define a
text “point”. Each text point thus has the
area K x K. The text points need not neces-
sarily be square, of course, but may be circu-
lar for example. Overlapping text points are
also possible.

Figures 25d and 25e show the reflectance
values Ir-and Iv in the form of arrows of
varying length determined on scanning the
sample and original along the coordinate axis
K at the text points X, .... Xy, Figure 25d
relating to the sample and Figure 25e to the
original. Figure 25f shows.the differential

values Al of the reflectances in the corres-
ponding original and sample points X, ....
X 0. Positive differential values AI = Iv-Ip

are denoted by upwardly directed arrows .

while negative values are denoted by down-

70

wardly directed arrows. The absolute

amounts of the differential values are sym-
bolized by the length of the arrows.

Figure 25¢ whose 3-dimensional represen-
tation is simply to aid in understanding the
following is a similar diagram to Figure 25f
showing the differential values Al for the
individual text points of the banknote details
shown in Figures 254 and 25b. Each text
point has a differential value Al associated
with it. The total of all the differential values
for the entire banknote surface is designated
hereinafter as the differential field. The indi-
vidual values Al of the differential field are

in actual fact stored in a suitable electronic

store, e.g. a random access write-in store
(RAM) in the error computer 22 in such a
manner that the position of the text points
associated with said values is also maintained
on the banknote text.

Figure 26a shows a line of the differential
field parallel to the X-axis and is similar to
Figure 25f. The line contains the text points
X .... X33 with the respective associated dif-
ferential values Al

The first step in evaluating the differential
values is to provide tone correction. To this
end, the arithmetic mean M a1 of the differen-
tial values is formed for each text point from
the text points of a given surrounding zone

“and the text point concerned is deducted
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from the differential value. The surrounding '

zone may, forexample, be of a size of 0.5%to
10% of the total banknote area. Preferably,
the area of the surrounding zone is about 2%
to 5%. 1t has been possible to obtain good
results, for example, with surrounding zones
of 20 x 20 mm? in the case of a banknote
having an area of about 100 x 200 mm?. It
would be possible - although somewhat less
favourable - to select the surrounding zone to
coincide with all the text points, i.e., so that it
is'equal to the total banknote area. Another
possibility of tone correction would be to
divide the banknote area into tone correction
zones, find the mean of the differential val-
ues from each tone correction zone, and sub-
tract these mean values from the differential
values originating -in each case from text
points situated within such a zone.

The object of the tone correction is, in
particular, to eliminate small and medium
tone deviations between the sample and the
original, for these acceptable tone deviations
might disturb further evaluation of the diffe-
rential values. Tone correction also creates
the conditions for an advance error decision.
As will be seen from Figure 26a, a-tone
threshold TS is predetermined for the or
each mean value. If one of the mean values
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exceeds this threshold TS, the sample is
assessed as defective. If the tone threshold is
exceeded it simply means that unacceptably
large tone differences exist between the
sample and the original in respect of density

or colour. The magnitude of the tone
threshold TS naturally depends on what is

considered acceptable and what is consi-
dered unacceptable.

After tone correction, a minimum
threshold correction is carried out in which
all the (tone-corrected) differential values
whose absolute values are below a predeter-
mined minimum threshold MS are elimi-
nated or made zero so that they are subse-
quently disregarded. ‘

Figure 26b shows the tone-corrected diffe-
rential values Al - Mar at the text points X,
... X23. Two minimum thresholds =MS and
+MSo are also shown. Figure 26¢ shows the
result of the minimum threshold correction.
Only those differential values AI* = -
M ar whose absolute value is greater than that
of the minimum thresholds MS and MS, now
remain.

The object of eliminating small differential
values is to avoid them interfering with the
further evaluation required to determine
small-area errors. Differential values below
the minimum threshold MS are not necessary
for this purpose. If a small-area error of large
contrast (usually equal to about 1 density
unit in printed products) and having the area
Fr is just to be detected, then the error sen-
sitivity must be Fr/Fm, where Fum denotes the
area of a text point (K x K). If Fe/Fnm is, for
example, 10%, a high-contrast small error
which is just to be detected gives a percen-
tage reflectance variation of Aly/ Imax = 10%
in the text point, where Alr denotes the
reflectance differential value as a result of
the error and Imax the maximum reflectance
values of the text point. The required sen-
sitivity for complete differential value evalu-
ation can thus be adjusted by suitably adjust-
ing the minimum threshold MS, i.e. in accor-
dance with MS/Imix = Fr/Fm. Faults or
errors giving a smaller rclative reflectance
variation than Alr/Imax = MS/Imu are disre-
garded. The minimum threshold MS need
not be constant for the total sample area or
the total differential field, its size may vary in
dependence on location. The differences
between the sample and the original may be
much greater at certain places on the bank-
note. e.g. in place where the watermark
appears which has been found to be very
inaccurate. If such differences are regarded
as acceptable then the minimum threshold
can be made higher for those portions of the
text than for other portions so that no fault or
error indication is produced. Figure 26b
shows a local high minimum threshold hav-
ing the reference MS,. It has been found in
practice that it is satisfactory to make the

minimum threshold MS substantially equal
to the tone threshold TS, apart from local
exceptions. Of course the minimum

_ threshold MS and the tone threshold TS may
" be selected to be the same or different for

each colour if colour scanning is carried out.

After tone and minimum threshold correc-
tion there only remain differential values
AI* of a certain minimum size in the diffe-

 rential field (Fig. 26¢). If the fault or error

decision were made only according to
whether any one of these differential values
AI* exceeds a given amount, such decision
would be false. A single small fault dot of
medium contrast, for example, must not be
assessed as a fault or error although an
accumulation of a number of such dots situ-
ated more or less close to one another should
be so assessed, because such accumulations
appear to the human eye as a fault or error. It
has been found in practice that the eye usu-
ally perceives a fault or error when the pro-
ducts of density variation AD due to a dis-
turbance and area Fr of a more or less coher-
ent disturbance is greater than 0.1 mm?
High-contrast disturbances (AD= 1) are
thus perceived as an error or fault even when
small in size (as from 0.1 mm?. The
geometric shape of the disturbance or fault
or error plays only a secondary part in such
cases. These empirical facts are taken into
account during further evaluation.

Thus the differential values of each text
point (such as still remain after the tone and
minimum threshold correction) are added
with predetermined weighting and with the
correct sign to the differential values of the
adjacent text points. Figuratively speaking,
“fault hills” having the height of the differen-
tial value in each case are allocated to the
individual differential values and then the"
individual fault hills are superimposed to
form a “fault mountain” extending over the
entire differential field.

Figure 29a shows an example of a “fault
hill” which is conical and its height is equal to
the (corrected) differential value AI* of the
text point X;. The diameter of its base is six
times the distance between two text points.
The superfices of the fault hill indicates the
weight with which the differential value AI'*
of the text point X; is added to the differen-
tial values of its surrounding points (e.g. Xo,
X1, X2, X4, X5, X6). The size of the base area
determines the breadth effect. The fault hill
is therefore simply a three-dimensional rep-
resentation of a weight function dependent
upon the two coordinates X and Y.

Figure 27 is a section of the corrected dif-
ferential values AI* of the fault hills associ-
ated with the individual text points X,
Xs3. The contour lines of the fault hills have
been given the reference 44. Superimposi-
tion of the individual fault hills gives the fault
mountain having the reference FG. The
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superimposition in respect of the text point
X, is shown explicitly as an example. The
height of the fault mountain at this text point
is the sum of the heights Vs and V, of the
fault hills associated with the text points X
and Xe. : :

The breadth effect of the differential val-
ues AI* will be clear: The height of the fault
mountain is dependent not only on the mag-
nitude of the differential values but also on

‘whether there are other differential values in

the surroundings. Thus both the contrast of
the fault (AI) and its area (number of text
points) are jointly taken into account in the
evaluation, : ,

To form the fault decision there now needs
to be just ene predetermined fault threshold
+FS and investigation as to whether the fauit
mountain, i.e. the absolute amounts of the
added differential values at each point of the
text, does or does not exceed the fault
threshold FS. If the fault threshold is
exceeded the sample is evaluated as faulty.
The magnitude of the fault threshold is

determined empirically and depends on what .

is to be assessed as a fault or not.

Apart from the conical forms, any other
forms of fault hills or weight functions are
possible in principle. Figures 295 to 29f show
a small selection. The fault hills may have
rotation-symmetry or pyramid-symmetry or
even be block-shaped. The base surfaces may
have a diameter or side length of about 4 to
20, preferably 8 to 12, times the distance
between two text points. This corresponds to
a breadth effect on surrounding points up to

~ the maximum distance of about 2 to 10 to 4

to 6 text point distances. The weight function
may fall off linearly (Fig. 29a, 29b) or expo-

- nentially (Fig. 29¢, 29d) or be constant over
* the entire base area (Fig. 2%, 29f).

Figures 28a to 28¢ show the influence of
different fault hill forms on the shape of the
resulting fault mountain for one and the
same differential field, of which only one line
is shown in each case with the text points X,

" ... Xy6. Figure 28a shows a fault mountain

based on regularly pyramidal fault hills as
shown in Figure 29b. Figure 28b is based on
pyramidal fault hills with exponentially
curved side surfaces as shown in Figure 29b,
and Figure 28c is based on a fault mountain
consisting of a superimposition of block-
shaped fault hills as shown in Figure 29f.
The block-shaped fault hill is the most
favourable for practical performance of
evaluation in the fault computer. However,
with this form of fault hill the minimum
threshold correction is absolutely necessary,
because otherwise even relatively small
errors would rapidly be summated to give
sum values above the fault threshold,
because of the considerable breadth effect.
Although the invention has been
described above only in connection with the

quality control of printed products, more
particularly banknotes, the method accord-
ing to the invention is applicable to other
information supports, e.g. magnetic cards or
the like. :

The readers attention is drawn:to our
copending Applications -Nos. 18125/77
(Serial No.1583072) .and 18126/77 (Serial
No.1583073). ,

WHAT WE CLAIM IS:-

1. A method for testing the print quality
of a sample having a printed text, more par-
ticularly a bank note, the text content of
which is made up of at least two partial text
contents originating from different printing
processes, comprising: :

using a separate original having a partial
text content originating from the particular
printing process concerned for each printing
process, determining the relative positions of
the sample in respect of each original, com-
bining the partial text contents of the indi-
vidual originals in accordance with the pat-
tial text contents printed one above the other
on the sample to form a-total original text
content taking into account said relative pos-
itions, comparing the contents of the sample
with the total original text content, and asses-
sing the sample by reference to the result of
the comparison. - :

2. A method according to Claim 1,
characterised in that the sample and the orig-
inals are photoclectrically scanned, with
identical scanning rasters as the basis, and
the combination of the partial text contents is
obtained by appropriate logic operations on
the reflectance values obtained on scanning
the originals and the comparison of the text
contents is obtained by comparing the reflec-
tance values having undergone the logic
operation with the reflectance values
obtained on scanning the sample.

3. A method according to Claim 2,
characterised in that the originals are scan-
ned prior to the scanning of the sample and
the reflectance values obtained on scanning
the originals are stored.

4. A method according to Claim 2 or
Claim 3, characterised in that higher fre-
quencies of the frequency spectrum con-
tained in the reflectance values obtained on
scanning are suppressed by low-pass filtering
with the critical frequency fo.

5. A method according to Claim 4,
characterised in that the critical frequency fo
of the low-pass filtering is so selected that its
cycle length Le = 1/fcis atleast 4 to 5 times
greater than the distances K between each
two adjacent raster points of the scanning
raster. , :

6. A method according to Claim 4 or
Claim 5, characterised in that the low-pass
filtering is carried out by unsharp imaging of
the sample and the originals on to the photo-
electric transducers used on scanning, and by
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the provision of an aperture diaphragm hav-
ing outwardly decreasing transparency as
considered from the optical axis in the path
of the imaging rays.

7. A method according to Claim 6,
characterised in that the degree of unsharp-
ness and the transparency curve of the aper-
ture diaphragm are so selected that the
photoelectric transducers receive light from
a substantially circular text spot for each ras-
ter point and the contributions which the
individual points of this text spot make to the
total reflectance values produced by the
transducers are at least approximately
rotation-symmetrical with respect to the
optical axis.

8 A method according to Claim 7,
characterised in that the diameter T of the
circular text spot is at least twice as large as
the raster distances K.

9. A method according to Claim 7 or
Claim 8, characterised in that scanning is
effected by means of a plurality of photoelec-
tric transducers disposed in a straight line
and spaced by an amount equal to the raster
distance K and the sample and the originals
arc displaced substantially at right angles to
said line relatively to the photoelectric trans-
ducers and the transparency curve of the
aperture diaphragms is sclected to deviate
from rotation-symmetry in such a manner
that points equidistant from the diaphragm
centre and situated on a diaphragm diameter
parallel to the direction of relative displace-
ment have a greater transparency than on a
diameter at right angles thereto.

10. A method according to any one of
Claims 2 to 9, characterised in that if the
original text point corresponding to the sam-
ple text point do not coincide with points of
the scanning raster, taking into account their
relative positions, the reflectance values of
these original text points are formed by pref-
erably linear interpolation from the reflec-
tance values at four raster points in each case
surrounding the original text points in ques-
tion.

11. A method according to any one of
Claims 2 to 10, characterised in that the logic
operation carried out on the reflectance val-
ucs is in the form of a multiplication.

12. A method according to any one of
Claims 2 to 11, characterised in that to
determine the relative positions the reflec-
tance values used are those at raster points
from individually selected raster zones which
arc comparatively small with respect to the
total original or sample arca. the differences
between the reflectance values of corres-
ponding raster points of the sample and the
original are formed for each such raster zone.
positive and negative differential values are
subjeccted to summation scparately over each
individual raster zone and the positive and
negative sum values determined are used as a

measure of the relative positions can be
determined.

13. A method according to Claim 12,
characterised in that the original and the
sample are divided up equally into individual
sections and the relative positions of the
individual sample sections are determined
with respect to the corresponding original
sections.

14. A method according to Claim 13,
characterised in that the relative positions of
the individual sections are determined from
the sum values determined in a part of the
raster zones.

15. A method according to Claim 14,
characterised in that the relative position of
each section is determined from the sum val-
ues of a number of raster zones situated
nearest the section in question, by means of
interpolation and extrapolation taking their
distance into account.

16. A method according to any one of
Claims 12 to 15, characterised in that at least
one raster zone is so selected and dimen-
sioned as to cover an original zone containing
only two adjacent substantially homogene-
ous zones with sharp relative contrast.

17. A method according to any one of
Claims 12 to 16, characterised in that at least
one raster zone is so selected and dimen-
sioned as to cover an original zone containing
only one line zone and one substantially
homogeneous surrounding zone in sharp
contrast thereto.

18. A method according to Claim 16 or
Claim 17, characterised in that the raster
zone is so selected that the boundary bet-
ween the two zones is rectilinear.

19. A method according to Claim 17,
characterised in that the raster zone is so

selected that the boundary lines of the zones

are parallel to the axes of the system of coor-
dinates forming the basis for the raster points
division.

20. A method according to Claim 18 or
Claim 19, characterised in that at least one
other raster zone is selected on the same
criteria and the raster zones are so selected
that the boundary line between the zones of
at least one original and raster zone is at least
approximately at right angles to the bound-
ary line between the zones at least of one
other original or raster zone.

21. A method according to any one of
Claims 12 to 20, characterised in that at least
one raster zone is so selected as to cover a
sample zone whose text content originates
solely from the same printing process as the
one original selected.

22. A method according to any one of
Claims 12 to 21, characterised in that the
raster zones are so selected that none of the
raster points of two different raster zones is
situated on one and the same raster line.

23. A method according to any one of
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Claims 12 to 22, characterised in that at least
two and preferably about 10 to 20 raster
zones are used for evaluation.

24. A method according to any one of

- Claims 12 to 23, characterised in that a first

relative position is determined from at least
one raster zone, the other raster zones are
then shifted in their position in accordance
with this first relative position, and finally the
definitivé relative positions are determined
with these raster zones thus displaced.

25. A method according to claim 1
including point-wise comparison of the text
of the sample with an original, with the for-
mation of differential values between the
reflectance values obtained from the indi-
vidual textpoints of the sample by photoelec-
tric scanning, and the reflectance values of
the original text points corresponding to the
sample text points, wherein the differential
values of each text point are added, in the

. correct sign, with predetermined welghtmg,

to the differential values of the text points
adjacent thereto, and the sample is assessed
as faulty if the absolute amount of the added
differential values exceeds a predetermined
threshold for at least one text point.

~26. A method according to Claim 25,
characterised in that the weighting is selected
according to the distance between the text
points adjacent the respective text point and
the text point in question.

27. A method according to Claim 26,
characterised in that the welghtmg is selected
to decrease linearly.

28. A method according to Claim 26,
characterised in that the weighting is selected
to decrease exponentially.

29. A method according to Claim 26
characterised in that the weighting is selected
to be constant up to a predetermined’ dis-
tance, and equal to zero beyond such dis-
tance.

30. A method according to any one of
Claims 26 to 29, characterised in that the
weighting is selected to be rotation-
symmetrical.

31. A method according to any one of
Claims 26 to 28, characterised in that the
weighting is selected to be pyramld-
symmetrical.

32. A method according to Claim 29,
characterised in that the welghtmg is se]ected
to be block-symmetrical.

33. A method according to any one of
Claims 26 to 32, characterised in that the
weighting is selected to decrease to zero in
such manner as to reach the value zero at a

distance of 2 to 10, preferably 4 to 6, text

points from the text point concerned.

34. A method according to any one of
the preceding Claims 25 to 33, characterised
in that prior to weighted addition of the diffe-
rential values, a mean is formed from the
differential values at the individual text

points, preferably by arithmetic averaging,
said mean is subtracted from the individual
differential values, and only the differential
values reduced by the mean value in this way
are added with weighting. :

35. A method according to Claim 34,
characterised in that a separate mean value is
formed for each text point and subtracted
from the differential value of the text point in
each case, while only the differential values
of predetermined surrounding points of the
text points concerned are used to form the

~ separate 'mean values.

36. A method according to Claim 35,
characterised in that the surrounding points
are each selected to be situated within a sur-
rounding zone whose area is 0.5% to 10%,
preferably about 2% to 5%, of the total orig-
inal area.

"37. A method according to any one of
the preceding Claims 25 to 36, characterised
in that the differential values, which may or

may not have been reduced, are compared

with a minimum threshold value before the
weighted addition and those differential val-
ues whose absolute amounts are less than the
minimum threshold are disregarded in the
subsequent weighted addition.

38. A method according to C]alm 37,
characterised in that the minimum threshold
is selected to depend, for each text point, on
its geometric position on the sample or the
original.

39. A method accordmg to any one of
Claims 34 to 36, characterised in that the
sample is assessed as faulty if the absolute
amount of the mean value or one of the mean
values exceeds a predetermmed zone
threshold.

40. A method according to any one of
the preceding Claims 25 to 39, characterised
in that the comparisoen of the sample and the
original is carried out separately for the indi-
vidual primary colours.

41. A method according to Claim 40 and
Claim 37 or Claim 38, characterised in that
the minimum threshold value is selected to
be colour-dependent.

42. A method according to any one of
Claims 37 to 41, characterised in that the
minimum threshold value is so selected that
its ratio to the maximum expected reflec-
tance of a text point is at least approximately
equal to the ratio between the area of the
smallest fault spot for detection having a high
contrast to its surroundings, and the areaofa
text point.

43. A method accordmg to Claims 37
and 39, characterised in that the minimum
threshold and the zone threshold are selected
to be substantially equal.

44. Apparatus for performing the
method according to Claim 1, characterised
by a first photoelectric scanning system
operating .pointwise for producing reflec-
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tance values at each individual scanning ras-
ter point, a second and a third scanning
device identical to the first at least in respect
of the scanning raster, or a first and second
store each adapted to be connected to the
first scanning device and each having a
number of storage places corresponding to
the number of scanning raster points, a rela-
tive position measuring circuit following the
scanning devices or stores for determining
the relative positions of corresponding text
points of sample and original printed texts
scanned in the three scanning devices simul-
taneously or in the first scanning device suc-
cessively, and a text comparator circuit which
also follows the scanning devices or stores
and which comprises two correlator stages
which are.connected to the second and third
scanning devices and the first and second
stores and to the relative position measuring
circuit and which correlate the reflectance
values originating from corresponding text
points on the original texts scanned in the
second and third scanning devices and stored
in the first and second stores, in accordance
with the relative position values of these orig-
inal printed texts determined by the relative
position measuring circuit and the sample
printed text scanned in the first scanning
device and the corresponding text points of
the sample printed text, and comprising a
logic operation stage for subjecting the
associated reflectance values of the original
printed texts to the logic operation, and a
comparator stage for comparing the original
reflectance values after being subjected to
the logic operation, and the associated reflec-
tance values of the sample printed text, and a
fault computer following the comparator
stage for evaluation of the results of the com-
parison.

45. Apparatus according to Claim 44,
characterised in that each correlator stage
comprises a random access write-in store for
the reflectance values of the individual raster
points and a read-out control controlled by
the relative position measuring circuit to con-
trol the sequence of read-out per unit of time
for the individual reflectance values accord-
ing to the relative position values.

46. Apparatus according to Claim 45,
characterised in that the read-out control is
so constructed that the stored reflectance
values of four adjacent raster points are read
out at any time.

47. Apparatus according to Claim 46,
characterised in that the write-in store is fol-
lowed by an interpolation computer which
forms an intermediate value from each four
read-out reflectance values by linear interpo-
lation according to the relative position val-
ues.

48. Apparatus according to any one of
Claims 45 to 47 characterised in that the
read-out control comprises a quotient com-

puter connected to the relative position .

measuring circuit and a control programmer

connected to the computer the quotient

computer has a quotient former which
divides the relative position values fed to it
by the relative position measuring circuit by a
fixed value, and means which feed the

_whole-number quotient values occurring

during the divisions to the control program-
mer and the remainders to the interpolation
computer and the control programmer gen-
erates a selection timing pulse in accordance
with the quotient values fed to it, such timing
pulse determining the addresses of each four
reflectance values to be read out of the store.

49. Apparatus according to any one of
Claims 45 to 48, characterised in that the
relative position measuring circuit comprises
a selection stage which selects from all the
scanned reflectance values only those from
predetermined raster points or storage
places belonging to individual raster zones, a
mixer stage following the selection stage. for
associating the selected reflectance values
from the second scanning device or the first
store with those from the third scanning
device or the second store, a subtraction
stage following the selection stage and the
mixer stage to form the differences between
the selected reflectance values from the first
scanning device and the reflectance values
associated by the mixer stage, and a summa-
tion stage following the subtraction stage and
controlled by the selection stage for forming
separately according to sign the sum values
of positive and negative reflectance differ-
ences over the raster points of each raster
zone.

50. Apparatus according to Claim 49,
characterised by a store following the sum-
mation stage, for the sum values of the indi-
vidual raster zones, and a position computer
connected to the store and forming a pre-
determined number of position values from
the individual sum values in accordance with
the equation P; = iKjj. Si with predetermined
constants Kij.

51. Apparatus according to Claim 49 or
Claim 50, characterised in that the selection
stage contains a displacement stage which
from the sum values formed by the summa-
tion stage selects sum values belonging to
predetermined raster zones and, in the selec-
tion stage, displaces the selected raster zones
in relation to the scanner in accordance with
the selected sum values.

52. Apparatus according to any one of
Claims 44 to 51, characterised in that the
mixer stage and the logic operation stage are
multiplication circuits.

53. Apparatus according to any one of
Claims 44 to 52, characterised in that the
scanning devices comprise imaging optical
systems adjusted to be unsharp, and aperture
diaphragms in the paths of the imaging rays,
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said diaphragms having transparency

decreasing outwardly from the optical axis.
54. Apparatus according to any one of
Claims 44 to 54, characterised in that the
scanning devices have rectilinear photo-
diode arrays as photoelectric transducers.
55. Apparatus according to any one of
Claims 44 to 54, characterised in that the
scanning devices comprise rotatably driven
suction drums as a support for the prints

~ which are to be scanned.

56. Apparatus according to Claim 53,
characterised in that the unsharpness of the
imaging optical systems-is so adjusted and
the transparency curve of the aperture diap-
hragms is so constructed that during scanning
there is at the same time low-pass filtration
and the cycle length of the critical frequency
of this low-pass filtration is at least four to
five times greater than the distance between
two adjacent raster points of the scanning
raster.

57. Apparatus according to Claims 53 to
56, characterised in that the photodiode
arrays are disposed parallel to the axial direc-
tion of the suction drums and the aperture
diaphragms have a transparency curve so
deviating from rotation-symmetry that each
diode of the arrays receives light from an at
least approximately circular text spot, taking
the drum rotation into account, and the con-

tributions made by the individual points of

this text spot to the reflectance value pro-
duced by the diode are rotation-symmetrical
with respect to the optical axis.

58. Apparatus according to Claim 57,
characterised in that the unsharpness of the
imaging optical systems is so adjusted and
the aperture diaphragms are so constructed
that the diameters of the circular text spot are

at least twice as large as the raster distances. .
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