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ABSTRACT OF THE DISCLOSURE 
Three color separation signals are produced by photo 

electric “sharp” scanning apparatus, and a luminescence 
(“white”) signal is produced by “unsharp” scanning ap 
paratus. The maximum and minimum values of the four 
signals are then electronically processed to form a sec 
ondary correction signal which is added to each of the 
color correction signals, each of which is recorded on a 
photo-sensitive record. Reconstruction of the multicolor 
image from the record yields an image in which the de 
tails appear more sharply than in the original. 

This invention relates to apparatus for the photo-elec 
tric scanning of coloured originals and the simultaneous 
reproduction of colour separation images on ?lm or 
other recording media. The invention is particularly con 
cerned with the improvement in the apparent sharpness 
of such images by a combination of optical and elec 
tronic means. 

In photographic processes, particularly in those involv 
ing colour masking, it has been known as “unsharp mask 
ing.” This technique has been fully described by Yule 
in US. Patent 2,455,849. The basis of the technique is the 
combination of two photographic records of an original, 
one of which is sharp and the other of which is less 
sharp. The two records must be of opposite senses, i.e. 
one must be a negative and the other a positive. If two 
such records are superimposed, the contrast or density 
range of the combination will be reduced more in broad 
areas of tone than in regions where sharp tonal changes 
occur. To the human eye, such a combination will appear 
to be sharper, and small details will appear more easily 
discernible than in a sharp record of equivalent over-all 
contrast. 

In the well ‘known methods of photographic colour 
correction ‘known as colour masking, where for example 
negative records of a coloured original made through 
certain colour :?lters are masked by positive records made 
through ?lters of other colours, it is ‘quite usual for the 
mask to be made slightly unsharp. In this way, it is pos 
sible to achieve both colour correction and unsharp mask 
ing in one operation. The direct application of this method 
to electro-optical scanning and reproduction apparatus has 
been described by Yule in British Patent 712,499. In this 
patent was disclosed a method of optically scanning a 
coloured original through a ?lter of one colour to produce 
an electrical signal representative of ?nely detailed in 
formation on the original, simultaneously scanning the 
original through another ?lter to produce a signal repre 
sentation of the coarser detail on the original, and the 
electrical combination of these signals to produce a fur 
ther signal representing both a colour corrected and an 
“unsharp masked” record of the original. 

This method has the major disadvantage that the de 
gree of improvement in detail is so closely linked with 
the degree of colour masking that independent control of 
the two cannot be achieved. An alternative system was 
disclosed in British Patent 891,978. Here the electrical 
signal responsible for unsharp masking was derived inde 
pendently of any colour correction process and it could 
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2 
be applied in a desired degree to any or all of the colour 
separations without its action being affected by the degree 
of colour correction applied. A particular feature of this 
system was that the sharp and unsharp signals were both 
representative of the luminance of the original, i.e. to 
the approximate brightness of the original as seen by the 
human eye. Thus the unsharp masking would be most 
effective at regions where colours which appeartdark to 
the eye (e.g. reds, warm blues, blacks, etc.) were bounded 
by colours which appear light (e.g. yellows, light greens, 
etc.). However, when for example, originals were being 
reproduced which comprised regions of warm colours (e.g. 
reds, oranges) which appear dark to the human eye bound 
ing, or bounded by, light greys or colours which ‘appear 
light to the eye, intermediate haloes occurred. A typical 
example might be a picture of a basket of red cherries, 
many of which catch the re?ection from a nearby source 
of light and, as a consequence, have almost white high 
lights on their surfaces. Because the unsharp masking 
signal is derived from luminance signals, it will be par~ 
ticularly effective at the boundaries between the red 
cherries and the highlights on their surfaces. 'Now if un 
sharp masking is to be effective, it is most important that 
it is applied to the cyan and black separations, since these 
colours are mainly responsible for making the ?nal repro 
duction appear sharp and contrasty to the ‘human eye. 
However, in both these separations the differences in tonal 
value between the red cherries and the highlights will be 
small (since red contains zero or very little cyan and 
black) and thus at the tonal junctions there will be only 
a small change in density. 
The effect of luminance unsharp masking will be to 

exaggerate this change, so that a dark halo appears on the 
red side of the junction and a light halo on the white side. 
In the ?nal printed reproduction, this will result in a 
dark ring appearing around the highlights on the cherries. 
Furthermore, when reproducing originals in which the 
?esh tones are rather red, a common fault with duplicated 
transparencies, the effect of luminance unsharp masking 
on such originals can be to exaggerate the blemishes on 
?esh and given an unpleasant “sore” appearance to the 
printed reproduction. 
A practical di?iculty encountered with certain of such 

systems is that it is necessary for the photo-cells (or 
photo-multipliers) and the associated electrical circuits 
to be very exactly balanced with respect to colour. If 
this is not the case, then the unsharp masking signal may 
be other than zero when scanning areas of the original of 
uniform colour. If such is the case, then the unsharp 
masking signal will alter the colour balance of the re 
production. 
The unsharp masking signal may also contain noise 

which will be added to the main separation signals in the 
computer and will increase the signal to noise ratio. 

It is common knowledge that the sharpness and detail 
of a coloured reproduction depend mainly on the neutral 
content of the picture. Use is made of this fact in colour 
television where the colour signals are transmitted over 
narrow bandwidth channels whilst the luminance or 
neutral content signal is transmitted over a wide band 
width channel. 

In the application of unsharp masking to colour sepa 
rations, therefore, it is su?icient if the effect is predomi 
nantly con?ned to improving neutral contrast as opposed 
to contrast between colour hues. This is desirable also 
from other points of view, in particular to avoid the 
problem with warm reds, etc. as discussed above, and 
to compensate for the reduction of neutral detail contrast 
brought about by the process of undercolour removal. 

It can be seen, therefore, that an ideal method of pro 
ducing an unsharp masking signal would be to combine 
a sharp black separation with an inverted unsharp black 
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separation. The resultant signal would be signi?cant only 
in neutral details and could be used to increase the con 
trast of such details on any or all of the colour separa 
tions. 
The basic method of producing a black separation elec 

tronically consists of selecting at every instant of time 
that one of the three colour separation signals which 
represents the least amount of ink. This principle is well 
known in the art and needs no further discussion here. Suf 
?ce to say that the three colour separation signals are 
derived primarily from three photo-cells or photo-multi 
pliers, each of which has a different colour ?lter in front 
of it, and each of which receives part of the light result 
ing from the scanning of a small element of a coloured 
transparency or re?ection original. 
To produce an unsharp black separation in an identical 

fashion, it would be necessary to have three further 
photo-multipliers and colour ?lters, each of which receives 
part of the light derived by scanning a larger area of the 
original picture. In addition, further electronic circuits 
would be needed to amplify the photo-electric signals 
and to derive from them that corresponding to the ‘least 
ink’. 

Apart from the added complexity and expense of such 
an arrangement, there would be considerable di?iculty 
in matching the three unsharp photo-cells, ?lters and as 
sociated circuits so that their response is identical with 
that of the three sharp systems. 

It is an object of the present invention to provide means 
for improving the contrast of substantially only the neu 
tral details on electro-optically produced colour separa 
tions, such means being independent of any colour cor 
rection circuits. It is a further object of the invention 
that the extra circuitry and optics required should be 
minimal, that the exact colour sensitivity of any addi 
tional photo-electric device should not be critical, and 
that the application of the resultant signal to improve de 
tail contrast should not substantially affect the signal/ 
noise ratio in the main colour separation channels. The 
invention will now be described with reference to the ac 
companying drawings, of which: 

FIG. 1 represents diagrammatically one form of elec 
tro-optical colour separation device incorporating the 1n 
vention. _ 

FIG. 2 shows in block diagram form the electronic 
circuitry associated with the application of the inven 
tion. 

FIGS. 3A~3P show various signal wave-forms within 
the electronic circuits. _ 

FIG. 4 shows one form of actual circuit performing 
the functions shown diagrammatically in FIG. 2. 

Referring to FIG. 1, a transparent scanning cylinder 
1 and an exposing cylinder 2 rotate in synchronism and 
are driven by a constant speed motor (not shown). A 
colour transparency is held on the outer surface of cyl 
inder 1 and a beam of light from lamp 3 and lens 4 
is projected through the drum and the transparency 
mounted thereon. The emergent light is collected by lens 
5, which is disposed so as to focus an image of the il 
luminated point of the transparency onto the plane of 
an aperture plate 6. This plate contains a small hole 
which will normally be approximately in the centre of the 
area of plate 6 illuminated by the image. The light emerg 
ing from the hole is collimated by lens 7 and split into 
three beams by the partially reflecting surfaces 8, 9 and 
the fully re?ecting surface 10. After passing through col 
our ?lters 11, 12 and 13 (normally coloured blue, green 
and red), the three beams fall on photocells 14, 15, 16. 
The electrical signals from these photo-cells are fed via 
suitable ampli?ers 17, 18 and 19 to colour correction and 
black printer circuits 20. Many such circuits are known in 
the art and their exact nature forms no part of this in 
vention. The outputs of the circuits 20 will normally be 
four in number and will be approximately representative 
respectively of the amount of yellow, magenta, cyan and 
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4 
black inks required to reproduce the colour of the scan 
ned element of the transparency. In FIG. 1, these four 
outputs are designated by the letters Y, M, C and B 
respectively. 

One of the signals, for example the magenta signal, is 
shown connected to the circuit 21, whose function is ex 
plained below. The output of circuit 21 is fed to the tonal 
and contrast adjustment circuits 22, the output signal 
from which controls the brightness of a glow modulator 
lamp 23. The light from this lamp is focussed by lens 
24 to form a small spot on a sheet of light sensitive ?lm 
held on the cylinder 2. 

Whilst the cylinders revolve, they (or the scanning and 
exposing optics) are made to move transversely by a feed 
mechanism (not shown) so that the whole transparency 
is scanned in a spiral fashion and the ?lm cylinder 2 is 
virtually simultaneously exposed point by point and line 
by line. After suitable processing, the image on the ?lm 
will be representative of the amount of magenta ink, for 
example, which in conjunction with other inks is required 
to reproduce the colours of the original transparency. 
A printing plate may be made from this ?lm by any of the 
usual methods. 
By repeating the scanning process with circuit 21 con 

nected in turn to the yellow, cyan and black outputs of 
circuit 20, successive ?lms may be produced which rep 
resent the amounts of yellow, cyan and black inks re 
quired to reproduce the original. Alternatively, four 
groups such as circuits 21, 22, glow lamp 23 and lens 
24 may be provided, together with four exposing cylinders, 
so that all four colour separations may be produced 
simultaneously. 
The additional components for adding contrast mainly 

to neutral details, consist of partially re?ecting surface 
25, ?lter 26, photo-cell 27 and the circuits 28, 29 and 
21. It is a necessary condition for these circuits to be effec 
tive that the photo-cell 27 receives light from a larger 
element of the transparency than do the photo-cells 14, 
15 and 16. This condition will be met if the image of 
the illuminated element of the transparency on aperture 
plate 6 is larger than the hole in this plate. Suitably, 
the image would be two or three times the diameter of 
the hole. 
The photo-cell 27 must have a sensitivity over virtually 

the whole visible range of wavelengths and this sensitivity 
should be substantially equal in the three regions of the 
visible spectrum to that de?ned by the blue, green, and 
red, colour ?lters in combination with the photocathodes 
of photo-cells 14, 15 and 16. This is easy to achieve with 
photo-cells having S11 photo-cathodes ‘by placing a light 
orange ?lter in front. The object of ?lter 26, therefore, is 
to achieve this condition. Its exact colour will, however, 
depend on the type of photo-cathode possessed by photo 
cell 27. Thus photo-cell 27 is making a white light scan, 
in contra-distinction to photo-cells 14, 15 and 16 which 
make blue, green and red light scans respectively. 
The electrical signal from photo-cell 27 is ampli?ed in 

circuit 28 which is preferably of exactly the same type as 
circuits 17, 18 and 19. The output from circuit 28 desig 
nated vby W, and the Y, M and C outputs from circuit 
20 are all fed into the circuit 29, in which a special signal 
is derived for the purposes of improving the contrast of 
small details. The method of operation of this circuit 
will be described with reference to FIG. 2, which shows 
the main parts of circuit 29 in block diagram form. 
The input signals on leads Y, M, C and W derived from 

the blue, green, red and white light photo-cells respectively 
are fed into circuit 34, which is a maximum signal selector. 
Thus the output of circuit 34 on conductor 38 is equal at 
every instant to whichever one of the four inputs is the‘ 
greatest in amplitude. It is assumed that the signal ampli 
tude in all cases increases with increasing transmittance 
of the scanned transparency (i.e. light areas give high 
signals, dense areas give low signals). 
The signals Y, M and C are also fed into maximum 
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‘signal amplitude selector 35. The greatest of these there 
fore appears at the output of this circuit on conductor 39. 
It will be apparent to those skilled in the art that the 
signal on conductor 39 is representative of the neutral 
content of that part of the transparency being scanned. 
In other words, the signal on conductor 39 is a “black” 
separation. Conductors 38, 39 are connected to substrac 
tion circuit 42, which is arranged to subtract the signal 
on conductor 39 from that on conductor 38. 

If any of the signals Y, M or C are greater than W, 
then the output of circuit 34 on conductor 38 will be 
identical with the output of circuit 35. In this case, the 
output of the subtraction circuit 42 will be zero. 

If the signal W is greater than Y, M and C, then the 
output of circuit 34 will be W. In this case, therefore, 
the output of circuit 42 will be the result of subtracting 
the largest of the Y, M and C signals from the W signal. 

Similarly, the signals Y, M, C and W are fed to a 
minimum selector circuit 36. The signal at the output of 
this circuit on conductor 40 will be equal to the least of 
the the four input signals. The signals Y, M and C are 
also fed to a minimum selector circuit 37, the output of 
which on conductor 41 represents the least of the three 
inputs. Conductors 40, 41 are connected to subtraction 
circuit 43 which is arranged to subtract the signal on 41 
from the signal on 40. 

If any of the signals Y, M or C are less than W, then 
the outputs of both circuits 36 and 37 will both be equal 
to the least of the three signals Y, M, and C and thus the 
output of circuit 43 will be zero. If the signal W is less 
than Y, M and C, then the output of circuit 36 will be 
W and the output of the subtraction circuit 43 will be 
the result of subtracting the least of Y, M or C from W. 
The outputs 44, 46 of the two subtraction circuits 42 and 

43 are fed via separate adjustable potentiometers 45 and 
47 to the addition circuit 50, the output of which appears 
on conductor 51. 

Reverting to FIG. 1, the output signal on conductor 51 
is added to the main separation signals, either One at a 
time in turn in a single circuit 21, or simultaneously in 
respective circuits 21. 

In order to understand how the above circuits a?ect 
the reproduction of neutral details, the time response of 
the various circuits will be explained when scanning a 
particular sequence of both coloured and neutral details. 
It will be imagined that a transparency is being scanned 
which contains a number of parallel strips of pure colours 
and neutrals as shown in FIG. 3A. It 'will be supposed 
that the width of the strips is of the same order as the 
effective diameter of the scanned element seen by photo 
cells 14, 15 and 16 and that the diameter of the element 
seen by photo-cell 27 is about 2 times as large. 

It will also be supposed that the direction of scan is 
at right angles to the aforesaid strips and that the colour 
correction circuits 20 have been adjusted to give a vir 
tually “perfect” colour response de?ned as follows: 

When scanning white, the Y, M and C signals are equal 
and high (the so-called “white level”). 

When scanning black, the Y, M and C signals are equal 
and low (the so-called “black level”). 

When scanning pure yellow, the Y signal is equal to the 
black level and the M and C signals are equal to the 
white level. 

When scanning pure magenta, the M signal is equal to the 
black level and the Y and C signals are equal to the 
white level. _ 

When scanning pure cyan, the C signal is equal to the 
black level and the M and Y signals are equal to the 
white level. 

These requirements are not essential to the operation of 
the system, but make the description simpler. The wave 
forms shown in FIG. 3 are constructed by joining points 
by straight lines and are only for illustrative purposes. The 
actual waveforms obtained in practice will be composed 
mainly of curves, the shape of such curves depending on 
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6 
the shape of the scanned picture elements and the ampli 
tude response curves of the electronic circuits. 
FIG. 3A shows a test transparency consisting of nar 

row yellow, magenta cyan and middle grey strips on a 
white background followed by similar strips on a black 
background. FIGS. 3B, 3C and 3D show the amplitude 
of the Y, M and C signals respectively when such a 
transparency is scanned from left to right. In these three 
?gures and all subsequent ?gures to FIG. 3P, the hori 
zontal axis represents time and the vertical axis represents 
amplitude in arbitrary units. 
The instantaneous maximum of the Y, M and C sig 

nals is shown in FIG. 3E, and this will be the output sig 
nal from the circuit 35 in FIG. 2. It will be seen that this 
signal is at the white level, or attains the white level, for 
all coloured regions, whereas in neutral areas its ampli 
tude corresponds to the strength of grey present in the ori 
ginal. 
FIG. 3F shows the W signal. Because this signal is 

derived from the scanning of a larger element of the 
original, the responses to scanned details stretch over a 
longer period of time than those illustrated in FIGS. 3B, 
C and D. Moreover, in the case of small netural details 
which are smaller than the scanned element, the ampli 
tude change when traversing such details is less than for a 
scanning element of smaller size. 

In FIG. 36 is shown the instantaneous maximum of the 
Y, M, C and W signals. It will be seen that the peak re 
sponse to coloured areas is identical with that of the sig 
nal shown in FIG. 3B. Thus, in general, the output of the 
subtraction circuit 42, which subtracts the signal of FIG. 
3G from that of FIG. 3B, will be zero in pure colours. 
This output is shown in FIG. 3H. Assuming for the 
moment that the output of the subtraction circuit 42 is 
zero, the output of the adding circuit 50 on conductor 51 
will be similar to the output of subtraction circuit 42 ex 
cept that the amplitude may be reduced by the setting of 
potentiometer 45. This signal is added to the main separa~ 
tion signal in the addition circuit 21. If potentiometer 45 
is set so that its slider is at earth potential, there is no 
effect on the separation signal and it will have one of the 
forms shown in FIGS‘. 3B, C, D or E. In particular, the 
“black” separation signal will be similar to that shown in 
FIG. 3B. If this black separation signal is being used for 
exposing, i.e. it is connected to the input of circuit 21, and 
if now the potentiometer 45 is rotated so that its slider is 
no longer at earth potential, then the output of circuit 21 
will be a modi?ed black signal as illustrated in FIG. 3]. 
By comparing this ?gure with FIG. 3E, it can be seen 

that: 

(a) when a grey detail stands against a white back 
ground, the grey detail is made darker; 

(b) where a grey detail stands against a White back 
ground, the background adjacent to the detail is made 
darker; 

(c) where colours stand against a white background, there 
is no effect; 

(d) where colours ‘stand against a dark background, the 
background adjacent to the detail is made darker. 

Thus the contrast of neutral details, and the contrast 
between neutral areas and coloured areas, has been in 
creased by darkening of neutral details or neutral bound 
aries. In no case has the peak response to any colour been 
altered, even though the coloured details are smaller than 
the larger scanned element viewed by the white light 
photo-cell 27. 
The remainder of the circuits shown in FIG. 2, i.e. cir 

cuits 36, 37 and 43 operate in an analoguous manner to 
those discussed above. 
The output of circuit 37 represents the instantaneous 

minimum of the signals Y, M and C and is illustrated in 
FIG. 3K. The output of circuit 36 represents the instan 
taneous minimum of the Y, M, C and W signals and this is 
illustrated in FIG. 3L. The subtraction circuit 43 sub 
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tracts the output from circuit 36 from that of circuit 37 
and its output is shown in FIG. 3M. 
Assuming that the output from subtraction circuit 42 is 

zero, the effect of the output from subtraction circuit 
43 on a black separation signal is shown in FIG. 3N. By 
comparing this ?gure with that illustrating an unmodi?ed 
black separation (FIG. 3E), it can be seen that: 

(a) the grey detail on a dark background is made lighter; 
(b) where a grey detail is against a light background, 

the background adjacent to the detail is made lighter; 
(c) where coloured details stand against a dark back 

ground, there is no effect; 
((1) where coloured details stand against a light back 

ground, the background adjacent to the details is made 
lighter. 
Thus, in this case, the contrast of neutral details and 

the contrast between coloured details and neutral areas 
has been increased by lightening neutral details or neutral 
boundaries. Again, the peak response to coloured details 
has not been altered. 
When the outputs from both subtraction circuits 42 and 

43 are being utilised, these outputs are added in circuit 50 
to produce a composite signal on conductor 51. The effect 
of such a composite signal on a black separation signal is 
illustrated in FIG. 3P. By comparing this signal with the 
unmodi?ed black signal shown in FIG. 3B, it can be seen 
that: 
(a) where a grey detail stands against a light neutral 

background, the grey detail is made darker whilst the 
background adjacent to the detail is made lighter; 

(b) Where a grey detail stands against a dark neutral 
background, the grey detail is made lighter whilst the 
background adjacent to the detail is made darker; 

(c) where coloured details stand against a lighter back 
ground, the background adjacent to the details is made 
lighter; 

(d) where coloured details stand against a dark back 
ground, the background adjacent to the details is made 
darker. 
The overall effect of the circuits described, therefore, 

is to improve the contrast of neutral details and of bound 
aries between neutral and coloured areas Without sub 
stantially affecting the coloured details themselves. 
In the above description, only pure neutral areas and 

pure colours have been considered. When areas of “dirty” 
colours are considered (i.e. colours which contain a pro 
portion of grey), then the effect of the detail contrast 
circuit is found to be proportional to the grey content of 
such colours. 

In the above description, the illustration of the effect 
of the detail contrast circuits was con?ned to the black 
separation. It is on this assumption that the visual effect 
on a printed result will be most noticeable, since black 
ink is darker to the human eye than the coloured inks. 
However, it is often advantageous to utilise the detail 
contrast signal also when exposing the yellow, magenta 
and cyan separations. It is preferable that the amplitude 
of this signal-as determined primarily by the setting of 
potentiometers 45 and 47——should be roughly the same 
on all three separations to avoid the false colouration of 
small details. 
From the description above, it will be seen that this 

system of improving detail contrast does not rely on the 
exact balancing of the colour sensitivity of one photo 
cell with that of another. Providing that the “white” 
photo-cell 27 has substantially equal sensitivity over the 
three bands of wavelengths de?ned by photo-cells 14, 15, 
.16 in conjunction with ?lters 11, 12 and 13 respectively, 
then the signal from this photo-cell will be in effect the 
average of the three signals from photo-cells 14, 15 and 
16, when areas of wave-form colour larger than the large 
scanned element are scanned. Thus for any colour, the 
response of the white photo-cell 27 will be less with re 
spect to the white level than the greatest of the responses 
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8 
from the blue Y, green M or red C photo-cells and will 
be greater with respect to the white level than the least 
of the responses from the blue, green or red photo-cells. 
Should the sensitivity of photo-cell 27 depart slightly 

from the ideal de?ned above, then the effect will be that 
for certain colours very near neutral, the response of 
photo-cell 27 may not be less than the greatest or more 
than the least of the three responses from the blue, green 
and red cells. Since the colour concerned is near neutral, 
however, the response of the white photo-cell and both 
the maximum and minimum responses of the blue, green 
and red photo-cells will be so close together that the out 
put of the subtraction circuits 42 and 43 will be near zero 
anyhow. Thus the effect on the main separation signal will 
be insigni?cant. Such effects are in any event minimized 
by the noise suppression circuits described below. 

Referring again to FIG. 2, it has already been explained 
that when scanning a broad area of colour, one or other 
of the Y, M and C signals will be greater than the W sig 
nal and one or other will be less than the W signal. The 
outputs of circuits 34 and 35, therefore, will be equal and 
since they are derived from the same input signal (which 
ever of the Y, M and C signals is the greater), any noise 
on these outputs will be correlated. This noise will, there 
fore, cancel in the subtraction circuit 42. The same agru 
ment can be applied to the output signals from circuits 
36 and 37. Thus, when scanning coloured areas larger 
than the large scanning element, the detail contrast system 
will not add appreciable noise to the main separation 
signal. 
When scanning large (in the above sense) neutral 

areas, the Y, M, C and W signals will all be equal. The 
output of circuit 35 will thus contain the instantaneous 
maximum of the noise signals on the Y, M and C inputs. 
The output of circuit 34, however, will contain the in 
stantaneous maximum of the Y, M, C and W noise sig 
nals. These two outputs will not have fully correlated 
noise signals and thus there will in this case be some 
noise present at the output of subtraction circuit 42. Sim 
ilarly, noise will be present at the output of circuit 43. 
These noise signals can be eliminated by introducing 

threshold values in the circuits 34 and 36 so that in the 
former case, the W signal is only selected if it is greater 
than either the Y, M or C signals by a certain value, and 
in the latter case the W signal is only selected it it is less 
than the Y, M, or C signals by a certain value. The value 
of the threshold should be chosen to be greater than the 
peak noise voltage expected on the W signal plus the peak 
noise voltage expected on the Y, M or C signals. 
When large neutral areas are scanned, and the Y, M, 

C and W signals are of equal mean amplitude, the thres 
hold value will mean that output from the circuits 34 and 
36 will be derived only from Y, M and C signals. Thus 
the noise signals from circuits 34 and 35, and from 36 
and 37 will be correlated and the outputs of subtraction 
circuits 42 and 53 will be substantially noise free. 
As far as neutral and coloured areas larger than the 

larger scanned element are concerned, therefore, the de 
tail contrast circuits will not appreciably affect the signal/ 
noise ratio of the main separation signals. When scanning 
details, of course, extra noise will appear but this will be 
con?ned to regions of the exposed separations which are 
very small and will not be visible to the eye, nor will they 
affect the printed result. 
The introduction of threshold values as explained above 

will also prevent small differences in the colour sensitivity 
of photo-cell 27 from the ideal from affecting the sepa 
rations. Moreover, the existence of thresholds will pre 
vent the detail contrast system from Working when very 
small or very low contrast details are being scanned. This 
can be advantageous in preventing grain and dust spots 
on the original transparency from being exaggerated on 
the exposed separations. 

Referring again to FIG. 1, it will be seen that here the 
Y, M and C signals fed to the detail contrast circuit 29 
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are taken from the outputs of the colour correction cir 
cuits 20. It is not essential that this is done. The system 
will operate satisfactorily if the Y, M and C signals from 
the outputs of the ampli?ers 17, 18 and 19 are used in 
stead. In this case, however, the increase in detail con 
trast may have a slight eifect on certain pure colour de 
tails—particula-rly the green, blue and violet details. The 
reason for this is that when scanning such colours, the 
basic photo-cell signals Will indicate that they contain an 
appreciable amount of grey. The effect is not great, and 
may be advantageous in some cases. 

In FIG. 4, a circuit is shown which performs the func~ 
tions shown in block form in FIG. 2. This particular cir 
cuit is designed for DC. operation and it is assumed in 
this case that the Y, M and C signals are available as DC. 
signals of both polarities. Thus the signals Y, M and C 
are negative going Whilst the signals Y’, M’ and C’ are 
positive going. The signal W is only required as a nega 
tive going signal. 

Diodes D1, D2 and D3 form a maximum signal selec 
tor so that the signal on conductor 1 is positive and 
equal to the maximum of the Y’, M’ and C’ signals, less 
the voltage drop across a diode. These three diodes form 
the equivalent of circuit 35 in FIG. 2. 

Diodes D4, D5, D6, D7 and D8 for-m another max 
imum signal selector. The signal conductor 3 is negative 
and equal to the maximum of the Y, M and C signals 
and the signal at the junction of D7 and D8, less the 
volts drop across one diode. The signal at the junction of 
D7 and D8 is equal to the W signal less the volts drop 
across D8. Thus D8 gives the threshold value referred 
to above for the suppression of noise in neutral areas. 
The signals on conductors 1 and 3 are added by the 

network of resistors R1, R2, potentiometer P1, DC 
ampli?er 50 and the feedback resistor R7. This is stand 
ard circuitry and needs no further explanation here. 

Since the signals on conductors 1 and 3 are of opposite 
polarity, the process of addition corresponds to the sub 
traction circuit 42 in FIG. 2 where the inputs were 
assumed to be of the same polarity. 

Diodes D9, D10 and D11, together with diode 17 and 
resistor R5 connected to a positive bias potential form 
a minimum selector circuit equivalent to circuit 37 in 
FIG. 2. The potential at the junction of resistors R3 and 
R5 is positive and equal to the least of the Y’, M’ and 
C’ signals less twice the volts drop across a diode. The 
purpose of diode D17 is to make this circuit symmetrical, 
as far as the Y, M and C signals are concerned, with the 
second minimum selector described below. 
The diodes D12, D13, D14, D15, D16 and resistor R6 

connected to a n egative bias voltage form a second min 
imum selector. The signal at the junction of R4 and R6 
is negative and equal to the least of (Y—2V), (M——2V), 
(C—2V) and (W-— V) signals, where V is the volts drop 
across a diode. The threshold value in this case is ob 
tained by inserting a diode D16 in series with that part 
of the circuit concerned with obtaining the minimum 
of the Y, M and C signals. 
The signals on conductors 4 and 6 are of opposite 
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polarity and are added by the network R3, R4, potenti- 60 
ometer P2 and the DC. ampli?er 50 and feedback resis 

10 
tor R7. This addition process corresponds to the sub 
traction circuit 43 of the FIG. 2. 
The output of the whole circuit is on conducor 51 

and this may be added to the main separation signal as 
described earlier to improve the contrast of small neutral 
details. The amount of the effect may be controlled by 
potentiometers P1, which affects primarily dark details 
on a light background and P2, which affects light details 
on a dark background. Similar circuits may be devised 
for achieving the same functions, either with DC. or 
AC. signals. No mention has been made of the nature 
of the amplitude response of the circuitry to the original 
photocell signals. They may bear a linear relationship 
or a logarithmic ‘relationship or any combination of 
these. With linear characteristics, the effect of the detail 
contrast circuits will be reduced where dark details 
against dark backgrounds are concerned relative to their 
effect on light details on light backgrounds With loga 
rithmic relationships, the effect of the detail contrast cir 
cuits may be made to extend to dark details against dark 
backgrounds. 
What I claim is: 
1. Apparatus for the production of colour separation 

images from coloured originals comprising photo-elec 
tric sharp scanning equipment and associated colour sep 
aration equipment for producing electrical colour sep 
aration signals; photoelectric unsharp scanning equip 
ment for producing electrical “white” signals; means for 
determining a ?rst difference (if any) between the max 
imum individual signal amplitude occurring among the 
colour separation signals plus the “White” signal, and 
the maximum individual signal amplitude occurring 
among the colour separation signals alone; means for 
determining a second difference (if any) between the 
minimum individual signal amplitude occurring among 
the colour separation signals plus the “white” signal and 
the minimum individual signal amplitude occurring among 
the colour separation signals alone; means for ‘deter 
mining the sum of said ?rst and second differences; and 
means for adding said sum to each of the colour separa 
tion signals to form the signals to be used in the produc 
tion of the colour separation images. 

2. Apparatus as claimed in claim 1 and comprising 
means for ensuring that the “White” signal is selected as 
the signal of maximum, or minimum, amplitude, only if 
the “white” signal is greater, or less, than each of the 
colour separation signals by a predetermined amount. 

3. Apparatus as claimed in claim 1 and comprising 
means for independently and variably adjusting the 
values of said differences ‘before adding them together. 
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