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COLQUR PRIN'!'XNG PRQCESS AND PRODUC'l' 

Introduction 
This invention relates generally to the art of 

colour printing, and in particular, to a process of 

5 automatic colour separation whereby:an extended print 

density range may be achieved. 

Background of the Invention 
Current methods of colour separation for colour 

printing involve the ~se of four colours to reproduce an 

10 original colour print or transparency. The standard four 

colours used are cyan, magenta, yellow and black (CMYK). 

Such methods of printing have been in operation 

since the early part of the twentieth century and have 

permitted the reproduction on paper of an original colour 

15 image, although with limited colour range and saturation 

for matching colours ~n the reproduction to the original. 

20 

Unfortunately, saturated colours such as deep reds, 

greens and blues cannot be reproduced satisfactorily due 

to the limited print range of four colour process. 

In recent years, there has been a strong demand for 

up to seven colour separations, in order to reproduce as 

closely as possible the colours in the original. This is 

a time-consuming task in which originals are scanned in 

the traditional CHYK method on a colour separation 

25 scanner. 
· Electronic colour data generated is then sent to a 

colour retouching system and colour masked to "create" 

additional special colours, ie. red, green and blue, to 

produce seven colour separations. 

30 This process relies heavily upon the skill of the 

operator and the power of the colour retouching system to 

interpret the amount of colour required in each particular 

area of the new colour separations, to match closely to 

the colours in the original. It is not uncommon to make 

35 several attempts at matching the colours in the original 
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durinq the course of this proces•, which involves 
intensive use of labour and materials. 
Summary of the Invention 

According to a first aspect, t·he present invention 
S provides a method of producing colour separations for a 

printing process wherein an image so~rce is scanned one or 
more times to produce a plurality of data channels each of 

. . 
which provides a representation of one colour separation 
of the 'image source, ~he data provided b:y each channel 

10 being restricted to represent a printable tone density 
range, and the channels being separated into two groups, a 
first providing separation data representing a base image 
and comprising a compressed representation of the density 
range of the image source, and the second providinq 

15 separation data representing a saturation image and 
substanti.ally comprisi.ng a representati.on of the density 
range data lost from the fi.rst data set as a result of 
tone compression to a printable density range. 

According to a second aspect the present invention 
20 provides a method of producing colour separations for a 

p~inting process comprising the steps of: 
(a) scanning an image source with a scanner having a 
conventional set of scanninq parameters to produce data 
representing a first set of colour separations of the 

25 image, each having a printable density range, the 
separations being capable of reproducing the image with a 
tone density range within a printable density range; 
(b) reproqramming the scanner to alter the scanning 
parameters to identify saturated colours in the image 

30 source;. 
(c) scanning the image source to produce a second set of 
data representing a second set of colour separations of 
the imaqe also· having a printable density range and 
carrying saturation colour information not recorded in the 

35 first set of data; and 
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(d) preparing a set of colour separations from the first 
and secondFsets of data. 

~' ·:· .·.'. ::--:/ 

According to a third aspect the ·present invention 
provides a colour separation scanner comprising an image 

5 source mounting means, illumination means arranged to 
illuminate an image source mounted on the mounting means, 
optical separation means arranged to separate light 
components reflected from or transmitted through the image 
source into a plurality of colour components, detection 

10 means arranged to detect each of the plurality of colour 
components and to convert each component into an 
electrical colour signal, and signal processing means 
arranged to convert each colour signal into a compressed 
colour signal representing a colour separation having a 

15 printable tonal range wherein the processing means is 
arranged to produce two types of colour signals a first of 
which represents a print density range of 0-100% and is 
compressed by a first compression function from source 
image tonal densities in a range of O.O to J.OD and the 

20 second of which represents a print density range of 0-1001 
and is produced by applying a second function to source 
image torial densities in an upper portion of the 0.0 to 
3.0D range, the second function, which produces the second 
type of colour signal, being complementary to that of the 

25 first compression function to reproduce tonal detail lost 
by the first compression function. 

In the pref erred embodiment the image source is 
scanned two or more times but othe_r embodiments are 
possible in which the first and second data sets are 

30 produced simultaneously using one scan of the image . 
source. 

35 

The colour separations prepared from the first set 
of data will be.conventional cyan, magenta, yellow and 
black (CMYK) separations. 

The separatio_ns prepared from the second set of data 
will typically be red, green and blue (RGB) although this 



W095f27231 PCT/AU95/00192 

4 

would be dependent upon the saturated colours present in 
the image source and in some circmnstances one or more of 
the red, green and blue separations may be replaced by a 
suitable selection of magenta, yellqw and cyan separations 

5 respectively. 

Preferably,_ a density function /"'(d) of each data 

channel of the second set is given by f"'(d) = f'(d)- f"(d) 

where f '(d) is the desired final density function and 

f"'(d) is the density function of the· corresponding 
10 ·separation or combination of separation from the first 

set. 

Preferably, red or magenta separation data of the 
second set is processed by mea·suring green and blue 
absorbtion using the cyan channel of the scanner, the 

15 green or yellow separation data of the second set is 
processed by measuring red and blue absorbtion using the 
magenta channel of the scanner, and the blue or cyan 
separation data of the second set is processed by 
measuring red and green absorbtion using the yellow 

20 channel of the scanner. 
Brief Description of the Drawings 

An embodiment of the invention will now be 
described, by way of example, with reference to the 
accompanying drawings in which: 

25 Figure 1 graphically illustrates a density transfer 
function applicable to the preparation of 
separations having a 0.0 to 2.0D tonal density range 
from a reflective source image having a O.O to 2.0D 
tonal range. 

30 Figure 2 graphically illustrates a compression function 
. . 

used in the preparation of four colour CMYK process 
separations having a 0.0 to 2.00 tonal density range 
from a transparency having a 0.0 to 3.0D tonal 
density range. 

35 Figure 3 graphically illustrates: 

• 
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I - a unity transfer function having an output 
(print) tonal density range of 0.0 to J.OD.; 
II - The compression function employed in a 
traditional four colour separation process; and 
III - A transfer function for neutral density 
regions with 80% under colour removal in the 
saturated colour areas. 

Figure 4 schematically illustrates a dichroic assembly of 
a four colour separation scanner. 

10 Figure 5 diagramatically iliustrates the relationship 
between various colours of the spectrum. 

Figure 6 diagrammatically illustrates the filtration and 
compression process when scanning cyan, magenta, 
yellow and neutral density separations in a 

15 conventional CMYK scanner; 
Figure 7 diagrammatically illustrates the filtration and 

compensation process when scanning red, blue and 
green saturation separations in a process according 
to the present invention. 

20 Figure 8 is a table showing colour correction values 
applicable when producing red, green and ·blue 
saturation colour separations on a Crosf ield 6 x 6 
series Magnascan scanner. 

Figure 9 is a table showing colour correction values 
25 applicable when producing magenta, yellow and cyan 

saturation colour separtaions on Crosf ield 6 x 6 
series Magnascan scanner. 

Detailed Description of a Preferred Embodiment 
In one form of the invention, the process of the 

30 invention makes use of a second scan of the source 
material after the first scan is made in the traditional 
four colour process, the scanner channels being 
reprogrammed to detect saturation colour information, 
however, it is also possible to perform the second scan 

35 concurrently with the first if the scanner were 
specifically redesigned. 
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Typically, embodiments of the inventive process will 
produce special red, green and blue colour separations, 
from colour transparencies or reflective originals, on a 
conventional colour separations scai:mer, to compliment the 

. ' 
5 existing four colour system traditionally used in the 

graphic arts industry. However, in some instances it will 
be preferable to produce additional cyan, magenta or 
yellow separations depending upon the predominant colours 
in the image source. 

10 Four Colour Process only allows the reproduction of 
a limited density range between 0.0 an 2.00. In printing 
terms this equates to between 0% and 100% maximum ink on 
paper utilising conventional halftone screening 
technology. 

15 Reflective scource material such as photographic 
prints typically have an average dynamic range of 2.00 and 
can therefore be reproduced readily in four colour process 
without loss of tonal detail using a unity transfer 
function as illustrated in Figure 1. 

20 Colour transparencies however, typically have an 
average dynamic range of 3.0o. Theretore the dynamic 
range of a transparency is greater than the print range of 
2.00. Compensation must be made for this difference by 
way of tone compression to reproduce the original 

25 transparency within the limitations of the print range. 
The necessary tonal compression furietion to achieve this 
is illustrated in Figure 2. The printed result in 
effecting this tone compression will show loss of detail 
and saturation in the shadow and saturated colour regions 

30 ·of the original. 
The saturated hues of red green and blue fall into 

this area and are most noticeable to the observer of the 
reproduction to the original. 

The brighter hues of cyan, magenta and yellow do not 
35 typically create the same problem to reproduce as their 

transmission densities fall within the printable tone 

f 
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range of O.O to 2.00. On the other hand, the hues of red, 
green and(blue can achieve densities greater than 2.0D, 
hence the need to print additional red, green and blue ink 
to capture the saturation densities of these colours in 

S the final printed reproduction. 
·, 

In theory, using the traditional four colour 
process, you would need to print_ up to 150% ink in each 
colour separation to reproduce a dynamic range of 3.0D.· 

In practise this cannot be achieved due to current 
10 halftone screen technology and printing inks which only 

allow an average print range of 2.0D or up to 100% ink 
printing in each colour separation. 

The addition of special red, green and blue colour 
separations will solve this problem by recording these 

15 colours in the density range between 1.0 and 3.0D where 
normal CMYK tone compression has been applied. 

This is achieved in the following method: 
Step 1. Scan the original in the traditional four colour 
method effecting so• polychromatic colour removal. 

20 Step 2. A second scan must be made from the same source 
original to record the density range between 1.0 and 3.0D. 
In practice, the function applied to the data produced by 

the second scan is /'"(d) = f'(d)-f"(d) where /'(d) is the 

desired tonal range of the final print image and /"(d) is 

25 the compression function of the first scan. (NB: From 
this point on only the cyan, magenta and yellow channels 
on the scanner are required - the black channel is not 
used). 

In the following description, the additional cyan, 
30 magenta and yellow separations will print red, green and 

blue ink respectively in the final reproduction. 
The second scan is achieved by effecting the first 

printing tones of cyan, magenta and yellow to 0% at a 
preferred tonal density of 1. OD while s.etting the last 

35 printing tones of 100% cyan, magenta and yellow at a 



~ THIS SHEET HAS BEEN 
~ REPLACED 

W095/27231 PCT/AU9S/00192 

8 
preferred tonal density of 3.0o. The print ranqe of 2.00 
has now been moved up the tonal scale to record the input 
densities between 1.0 and 3.0o. · 
Under Colour Removal 

S· Under colour removal removes ~onal density from the 
separation in areas where the source imaqe has a neutral 
density component. For the saturation (second) scan apply 
80\ under colour removal with a startinq point of Oil at· 
1.00. This will remove the unwanted neutral component 

10 from the original leaving approximately 20!l colour in the 
neutral areas of each separation to increase saturation 
and definition. 
Colour Correction 

There are 18 colour areas which must be corrected to 
15 achieve the desired effect in the final printed result. 

Using the colour correction function remove all 
unwanted colours from the reproduction by aligning the 
tonal densities in each colour area and adjusting the 
cyan, magenta and yellow ink percentages as shown in 

20 Figure 8 
Afterinakiriq the colour adjustments the scanner will 

be calibrated to record the ink percentage required to 
reproduce the red, green and blue saturation components in 
the.source o;riginal using the cyan, magenta and yellow 

25 channels respectively. 
As a standard it is preferred to print the special 

cyan(red) magenta(green) and yellow(blue) separations in 
the following Pantone colours: 
CYAN = WARM RED 

30 MAGENTA = GREEN PMS 354 
YELLOW = BLUE PMS 293 

An alternative colour correction arrangement is 
shown in Figure 9 for a case where the second set of 
separtions is prepared for printing Magenta, Yellow and 

35 Cyan instead of Red, Green and Blue respectively. This is 
desirable when the original has a predominance of one or 

, 

f 
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it is not necessary to substitute all three colours, and 
for example only Cyan might be substituted for Blue when 
the original has a predominant bright Blue sky. 
Grey Balance 

5 All grey balance is removed and the yellow and 

10 

magenta separations are adjusted to be identical in dot 
percentage to the cyan separation. 
Unsharp Masking (USH) 
The unsharp masking function should be suppressed. 

The result of effecting this inventive process will 
dramatically increase colour saturation and contrast in 
the final printed product. 

The scanner can be progranuned to carry out these 
steps using colour correction tables as reference. The 

15 programming of the tables can be modified as required. 
To assist in understanding the working of the 

invention, the operation of dichroic filters in a dichroic 
assembly of a standard four colour separator will be 
described with reference to Figure 4 of the drawings. 

20 In a conventional colour separation scanner, the 
image source is illuminated from above or behind depending 
upon whether a reflection source or transparency is being 
scanned. A scanning head is then systematically moved 
over the image source to measure in turn the light 11 

25 emitti.ng from eac~ point on the surface of the image 
source. 

The beam of the light 11 emitted from the image 
source is then reflected through a series of mirrors until 
it reaches the dichroic assembly of Figure 4. Entry into 

30 the dichroic assembly is via a mirrored prism 12 which 
directs the beam 11 through balancing filters 13 and onto 
a series of coated dichroic mirrors 14,15, which 
selectively reflect one colour and pass the others. .In 
this manner, a red light component 17 is reflected by a 

35 first dichroic mirror 14, a blue light component 18 is 
reflected by a second dichroic mirror 15 and a green light 
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reflected by a second dichroic mirror 15 and a green light 
component 19 is reflected by a final conventional mirror 
·16. The red, blue and green light c::omponents 17,18,19 are 
then filtered through red green and blue separation 

~; filters 21,22,23 before striking photomultipliers for the 
Cyan channel 24, the Yellow channel 25 and the Magenta 
channel 26. 

let 

The photomultipliers measure the intensity of light 
striking them and convert this. into an electrical signal 
which is then digitized and process•d by a programme 
running on a microprocessor. · 

The Cyan photomultiplier 24 m~asures the intensity 
of red light emitted from the sourc~ image and the inverse 
of this signal is therefore a measure of the red light 
absorbed by Cyan (Blue and Green) p.igment in the source. 
Similarly, tlie YelloW multiplier 25.measures the intensity 
of Blue light reflected or Yellow (Red and Green) light 
absorbed and the Magenta photomultiplier 16 measures the 
intensity of Green light reflected or Magenta (Red and 

20 Blue) light absorbed. The relationship between 
reflected/absorbed colours in the spectrum is illustrated 
in Figure 5. 

Figure 6 diagramatically illustrates the light and 
signal processing performed in a conventional separation 

25 scanner. In this diagram, polychromatic light is 
reflected from or transmitted through the source and 
processed by the dichroic assembly to obtain red blue and 
green light components. 

The red blue and green components are then measured 
30 by cyan magenta and yellow channel photomultipliers to 

produce cyan, magenta, yellow·and black signals. It 
should be noted that these signals actually represent the 
data required to produce cyan, magenta, yellow and black 
negatives and therefore signal inversion does not actually 

35 take place at this point. A compression function /"(d) is 
then applied to each channel to reduce the dynamic range 

( 
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of each signal to fall within the printable range of 20, 
and these ~pmpressed signals are·tlien used as exposure 
signals to produce four separation negatives, for Cyan, 
Magenta, Yellow and Black print separations. It will be 

5 noted that black is printed when red, green and blue are 
all absent (ie cyan, magenta and yellow are all present) 
and density is electronically removed from the cyan, 
magenta and yellow separations in proportion to the 
density added to the black separation. The proportion of 

10 density moved to the black separation is controllable by 
the operator of the scanner and is called under colour 
removal. 

Turning to Figure 7, a similar diagram to that of 
Figure 6 is provided to show the processing steps required 

15 in a conventional scanner to produce three saturation 
separations for printing red, green and blue ink. 

As with Figure 6, the dichroic assembly separates 
red, green and blue light components emitted from the 
source and these are measured by the cyan, magenta and 

20 yellow channel photomultipliers. The output signals from 
the photomultipliers are then processed to determine the 
red, green and blue saturation components as follows: 

25 

Red component - coupled detection of the blue and 
green (cyan) absorption through the cyan channel; 

Blue component - coupled detection of the red and 
green (yellow) absorption through the yellow channel; 

Green component - coupled detection of the red and 
blue (magenta) absorption through the magenta channel; 

These signals are then compensated to counteract the 
30 · compression function applied to the first (CMYK) scan. By 

measuring absorption of the complementary colour rather 
than transmission of the colour of interest, an inversion 
is automatically included in this processing, as indicated 

by the -/ '(d) component, to cancel the inversion which 

35 takes place in the production of the separation negative. 
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To aid in illustrating a preferred embodiment of the 

invention, the following tables set out an example of 
technical data required to produce special red, green and 
blue colour separations on any Crosfield Magnascan 6X6 

~; series sc~nner. 

Table 1 
CAL 130 Recall full block "0" 
T&ble 2 

Density Range 2.0D 
lCt . CAL 28 1.0 Yellow 

1.0 Magenta 
l.O Cyan 

l cr .;I 

Manual enter white cyan Ot 
CAL 29 3.0 Yellow 

3.0 Magenta 
3.0 Cyan 

Manual enter black cyan lOOt 
Table 3 

Grey Balance 
20 CAL 13 cyan = magenta = yellow 

STEPS: 
2/5%, 3/10%, 4/15%, 5/20%, 6/25t, 7/30%, 8/40% 
9/50%, 10/60t, 11/70%, 12/SOt, 13/85%, 14/90%, 
15/95% 

25 Table 1 
Colour correction 
CAL 12 
STEPS: 
1/-2.00, 2/-2.00, 3/-2.00, 4/0.00, 5/+1.20, 6/0.00, 

30 7/-2.00, 8/0~00, 9/+1.20, 10/0.00, 11/-2.00, l~/-1.00, 
13/+l.20, 14/-1.00, 15/-2.00, 16/-1.00, 17/-2.00, 
18/0.00, 

Steps 19 through 24 set to o.o. 

35 

{ 
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15 

13 

Table 5 
Under Colour Removal 
CAL 515 
Breakpoint - 0 
Slope "."' 0.20 
Table 6 
Unsharp Masking (USM) 
Sharp - 0 
Smooth - 0 
Table 7 
Black Printer 
CAL 11 
Offset - + 2.0 
Slope - 0.0 
ALL OTHER DATA REMAINS UNCHANGED IN°THE VERSION 9.0 
SOFTWARE 

It will be apparent that changes in, and 
modifications to the invention may be made without 
departing from the spirit and scope thereof. 
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CLAIMS: 

1. A method of producing colour separations for a 
printing process wherein an image source is scanned one or 
more times to produce a plurality of 1data channels each of 

5 which provides a representation of one colour separation 
of the image source, the data provided by each channel 
being restricted to represent a printable, tone density 
range, and the channels being separated into two groups, a 

10 

first providing separation data representing a base image 
and comprising a compressed representation·of the density 
range of the image source, and the second providing 
·separation data representing a saturation image and 
substantially comprising a representation of the density 
range data lost from the first data set as a result of 

15 compression to a printable density range. 

20 

2 . The method of claim 1 wherein the image source is 
scanned once and the plurality of data channels are 
simultaneously produced. 
3. The method of claim 1 wherein the image source is 
scanned two or more times. 
4. The method of claim 1 wherein the first data set 
represents cyan, magenta, yellow and black colour 
separations. 
s. The method of claim 1 wherein the second data set 

25 represents red, g~een and blue colour separations. 
6. The method of claim.1 wherein the second data set 
represents one or more colour separations selected from 
red, green, blue, cyan, magenta and yellow colour 
separations. 

30 7. The method of claim 1 wherein a density function 
/"'(d) of each data channel of the second set is given by 

/"'(d)=/'(d)-/"(d) where /'(d)is the desired final de·nsity 

function and /"(d) is the density function of the 
corresponding separation or combination of separations 

35 from the first set. 

• 

' 
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8. The method of claim 1 wherein red or magenta 
separatiorf:~data of the second set ·is processed by 

measuring green and blue absorption using the cyan channel 
of the scanner, the green or yellow separation date of the 

5 second set is proc_essd by measuring .. red and blue 
absorption using the magenta channei of the scanner, and 
the blue or cyan separation data of the second set is 
processed by measuring red and green absorption using the 
yellow channel of the scanner. 

10 9. A method of producing colour separations for a 
printing process comprising the steps of: 
(a) scanning· an image source with a scanner having a 
conventional set of scanning parameters to produce data 
representing a first set of colour separations of the 

15 image, each having a printable density range, the 
separations being capable of reproducing the image with a 
tone density range within a printable density range; 
(b) reprogramming the scanner to alter the scanning 
parameters to identify saturated colours in the image 

20 source; 
(c) scanning the image source to produce a second set of 
data representing a second set of colour separations of 
the image also having a printable density range and 
carrying saturation colour information not recorded in the 

25 first set of data; and 
(d) preparing a set of colour separations from· the first 
and second sets of data. 
10. The method of clailD 9 wherein the first data set 
represents cyan, magenta, yellow and black colour 

30 separations. 
11. The method of claim 9 wherein the second data set 
represents red, green and blue colour separations. 
12. The method of claim 9 wherein the second data.set 
represents one or more colour separations selected from 

35 red, green, blue, cyan, magenta and yellow colour 
separations. 
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13. The method of claim 9 wherein a density function 
/"'(d)of each data channel of the second set is given by 

f"'(d) = f'(d)-f"(d) where /'(d) is the desired final density 

function and /"(d) is the density function of the 
.5 corresponding separation or combina~ion of separations 

from the first set. 
14. The method of claim 9 wherein red or magenta 
separation data of the second set 'is processed by 
measuring green and blue absorption:using the cyan channel 

llJ of the scanner, the green or yellow• separation date of the 
second set is processd by measuring· red and blue 

1 •. . ) 

absorption using the magenta channel of the scanner, and f 
the blue or cyan separation data of .the second set is 
processed by.measuring red and green absorption using the 
yellow channel of the scanner. 
15. A colour separation scanner comprising an image 
source mounting means, illumination means arranged to 
illuminate an image source mounted on the mounting means, 
optical separation means arranged to separate light 

2CI components, detection means arranged to detect each of the 
plurality of colour components and· to convert each 
component into an electrical colour signal, and signal 
processing means arranged to convert each colour signal 
into a compressed colour signal representing a colour 

2S· separation having a printable tonal range wherein the 
processing means is arranged to produce two types of 
colour signals a first of which represents a print density 
range of 0-100' and is compressed by a first compression 
function from source image tonal densities in the range 

.30 0. 0 to 3. OD and the second of which represents a print 
density range of 0-100' and is produced by applying a 
second function to source image tonal densities in an 
upper portion of the O.O to 3.0D range, the second 
function, which produces the second type of colour signal 

35 being complementary to that of the first compression 

I 
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function to substantially reproduce tonal detail lost by 

the first·.~ompression function. 
,:··.'(;'. 

16. The 6olour separation scanner of claim 15 wherein 

the first and second signal types are generated in a 

5 single scan of the source image. 

17. The colour separation scanner· of claim 15 wherein 

the first and second signal types are generated in 

separate scans of the source image. 

18. The colour separation scanner of claim 15 wherein 

10 the signals of the first signal type represents cyan, 

magenta, yellow and black colour separations. 

19. The colour separation scanner of claim 15 wherein 

the signals of the second signal type represent red, green 

and.blue colour separations. 

15 20. The colour separation scanner of claim 15 wherein 

the signals of the second signal type represent one or 

more colour separations selected from red, green, blue, 

cyan, magenta and yellow colour separations. 

21. The colour separation scanner of claim 15 wherein 

20 the tonal density compression function /"'(d) of ea~h 

colour signal of the second type is given by 

/"'(d)=/(d)-/"(d) where dis the density of the source 

image, /(d) is the desired tonal density function of a 

final printed image for a colour and /"(d) is the tonal 

25 density compression function of signals of the first type 

for the colour separation or combination of colour 

separations producing the respective colour in the final 

printed image. 
22. The colour separation scanner of claim 15 wherein 

30 red or magenta separation data of the second set is 

processed by measuring green and blue absorption using the 

cyan channel of the scanner, the green or yellow 

separation date of the second set is processed by 

35 
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measuring red and blue absorption using the magenta 
channel of the scanner, and the blue or cyan separation 
data of the second set is processed by measuring red and 
green absorption using the yellow chann~l of the scanner . 


