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Abstract 

Workers have found that a split-filter mask made by 
consecutive exposures through red, green, and blue 
filters provides better color correction than a mask 
exposed through a single filter, Nevertheless, split­
filter masking has never been adopted in the direct 
screen separation method, This may be due to the diffi­
culty of determining the optimum red:green:blue split­
filter exposures, This paper addresses the problem of 
determining the optimum split-filter ratios needed to 
expose masks for the direct screen separation method, 

Optimum exposure ratios were determined with the 
assistance of a digital computer by systematically 
trying out 231 different combinations of red, green, 
and blue exposures using the improved Yule-Pollak 
equation for calculating the effect of split-filter 
exposures. The computer analysis also provided the re­
quired curve shape of the split-filter mask for each 
separation. 

It was found that a red-blue split-filter mask and 
a red-green split-filter mask are sufficient for the 
green and blue separations respectively. For the red 
separation, a red-green-blue, three-filter split mask 
provides improved color correction. The analysis showed 
that there was considerable latitude in the ratios of 
the split-filter exposures. For example, a 15 percent 
difference in red exposure in making the mask for the 
red separation can still yield equally good results. 
The mask for the red separation was found to have the 
highest contrast of all the three masks. 

Introduction 

The primary object of color correction is to compen­
sate for the unwanted spectral absorptions of cyan, 

*1 Condensation of a MS thesis presented to School of 
Printing, Rochester Institute of Technology. 

*2 1982-83 TAGA fellowship recipient, 
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magenta, and yellow inks. The conventional remedy for 
these unwanted densities is to use a mask to 'modify' 
the densities of original colors. 

Workers have found that a split-filter mask made 
by consecutive exposures through red, green, and blue 
filters provides better color correction than a mask 
exposed through a single filter. This is due to the 
fact that the split-filter mask provides, in a single 
piece of film, the equivalent of more than one mask per 
separation. 

A two-filter split-filter mask exposure has been 
recommended by Kodak for indirect separation. However, 
the exact ratios for the two exposures must be deter­
mined through trial and error by a camera operator. In 
addition, changing filters during film exposure involves 
more steps and, consequently, makes the determination of 
a suitable split-filter mask very time-consuming. Thus, 
split-filter masking has rarely been adopted in the 
direct screen separation method. This paper addresses 
the problem of determining the optimum split-filter 
ratios needed to expose masks for the direct screen 
separation method. 

The two objectives of this paper are1 (1) to de­
termine the optimum split-filter exposure ratios (redl 
green1blue) for creating a desired mask, and, (2) to 
define the curve shape of the optimum split-filter mask 
in each separation. 

Optimum exposure ratios were determined with the 
assistance of a digital computer by systematically 
trying out 231 different combinations of red, green, 
and blue exposures using the improved Yule-Pollak 
equation for simulating the effect of split-filter 
exposures. A second degree mathematical model was chosen 
to represent the required curve shape of the split­
filter mask for each separation. And a least-squares 
technique was used to select the best-fit of data. 

In the past, the concept of actinic density has 
been used to determine quantitatively the required mask 
densities. The actinic density of a color patch is equal 
to the visual density of a non-selective gray patch in 
the original which photographs like the color patch. 
Further, it can be thought of as identical to relative 
Log exposure since it is always referenced to a step of 
the original gray scale. The actinic density of a color 
patch depends upon the filter(s) and the type of film 
used in photographing it. Effective actinic density(EAD) 
is actinic density which has been corrected for flare. 

In the following sections, the effect of split-
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filter exposures on the EAD's of color patches is first 
illustrated. And, the use of the improved Yule-Pollak 
equation to calculate the EAD of a given color patch 
from any combination of red, green, and blue filter 
exposures is described. Next, the strategy for deriving 
the required mask density (RMD) is presented. This is 
followed by using a mathematical model to represent the 
required curve shape of the split-filter mask for each 
separation. In addition, the technique to optimize the 
model is also explained. Finally, based upon the results 
found by the computer analysis, two subsequent analyses 
are made1 i.e., the latitude in the choice of the best 
split-filter ratios and how much color correction can 
be achieved from the optimum curve shapes determined by 
the analysis. 

Effect of split-filter exposures 
on the EAD's of color patches 

To illustrate the effect of different split-filter 
ratios on the EAD's of various color patches, six masks 
were made using different ratios of red and green 
exposures. The color original consisted of seven patches1 
cyan, magenta, and yellow solids and their two- and 
three-color overprints. Table 1 lists the EAD's of these 
color patches for the six different sets of the red/green 
ratios; this data is plotted in Figure 1. 

Figure 1 shows that very large changes in effective 
actinic density occured in four of the seven patches. 
Interestingly, the EAD's of the yellow and blue patches 
change the least. This suggests that the EAD's of these 
two patches might also be modified if a split-filter 
blue exposure were used along with the red and green 
split exposures. It is for this reason that three split­
filter exposures-- red, green, and blue-- were used in 
making the desired color correction. 

Table 1 

Effective actinic density of each color patch 
resulting from various proportions of 
split-filter (red and green) exposure 

Masking •1 
Split-filter Effective Actinic Densities of 

Film # exposure (~ color patches 

Red Green *2 Yel. Cyan Green Red Mag. Blue 3-c 

1 0 100 .04 .37 .45 1.15 1.13 1.25 1.30 
2 20 80 .00 .45 .~ .55 .51 1.15 1.25 
3 40 60 .00 .61 .66 .35 .35 1.16 1.20 
4 60 40 .00 .63 .71 .24 .23 1.05 1.24 
5 80 20 .oo .77 .84 .18 .14 1.12 1.25 
6 100 0 .oo 1.01 1.11 .oo .oo 1.16 1.23 

*I Kodak Pan Masking Film 4570. 
*2 Kodak Wratten Filter #25 and #58. 
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Figure 1 

Effect of a series of red-green split-filter exposure 

The solid lines illustrate the obtainable effective 
actinic density ranges of color patches by red-green 
split-filter exposures to masking films. Some points 
are not shown in yellow, blue, and 3-color patches 
due to limited space. 

Calculation of the effect of the 
split-filter exposures 

B th Y 1 * 1 d p * 1 . . . . o u e an ollak gave a s1m111ar equat1on 
to calculate the resulting EAD of a color patch. In 
order to use this equation, the single-filter EAD of a 
color patch must be experimentally determined for a 
given masking film. This single-filter EAD must be 
converted to "effective actinic reflectance"(EAR)*2, 

Yule mentioned that reciprocity failure*3 can affect 
the accuracy of calculations. Neither Yule nor Pollak, 
however, have modified their original equations to account 
for reciprocity failure. For more precise "simulation" 
of split-filter exposures, the equation must incorporate 
a correcting factor for reciprocity failure. Hence, an 
improved equation was derived and is given below for the 
case of three consecutive exposures through red, green, 

*1 See reference 1&2 
*2 EAR=lO-EAD 
*3 Failure of reciprocity law describes the phenomenon 

that the sensitivity of a photographic emulsion may 
vary with the changes in the illumination level and 
the exposure time. 
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and blue separation filters. Each term in the equation 
is weighted by its fractional exposure. 

D 

where D 
r,g,and b 

r + g + b 
R ,R ,Rb r g 

f* 

(1) 

resulting EAD of a color patch; 
the fractions of the exposure given 
to the split-filter mask through 
red, green, and blue filters 
respectively; 
1 (or 100%); 
effective actinic reflectance of 
the color patch through red, green, 
and blue filters respectively; 
the correction factor for the 
reciprocity failure of the masking 
film used, 

This equation can be used to calculate the EAD's 
of color patches for any given set of split-filter 
exposure ratios, Since changing the EAD's of the color 
patches will affect the density on the mask film, one 
must now determine the film densities required for the 
mask. For this theoretical study, it is necessary to 
seek a method to derive the required densities on mask 
film. 

Deriving the required mask densities 

For each color separation (or "printer"), solid ink 
color patches are divided into two groups-- wanted, and 
unwanted colors. 

The wanted colors for a given "printer" are those 
patches in the original that need to have colorant 
supplied by that printer. For example, the yellow printer 
must supply yellow to reproduce those patches in the 
original that contain yellow, that is, the yellow(Y), 
green(CY), red(MY), and the three-color overprint(CMY), 
These are the wanted colors for the printer, Moreover, 
these wanted colors should photograph like the so-called 
"black" patch, that is, the same amount of colorant from 
that "printer" should print in the color patches as in 

*DuPont referred to reciprocity quotient as "Q factor" 
which is actually the same as "f" in equation (1), 
Moreover, DuPont reveals that CRONAR continuous tone 
film has Q factor 1,3, Therefore, rather than running 
a tedious experiment testing reciprocity failure, this 
value was taken as an approximation for the value of 
"f". 
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the "black" patch. Therefore, they should all possess 
equal blue filter densities with the "black" patch. 

The unwanted colors are the color patches in the 
yellow printer that require no yellow colorant to re­
produce them, cyan(C), magenta(M), blue(CM). Hence, 
these color patches should photograph like the "white" 
patch and also should match the "white" in blue filter 
density. Figure 2 illustrates the wanted and unwanted 
colors in all three color separations. Nevertheless, 
without help from a mask, the density (or EAD) equiva­
lency among the "black colors" and among the "white 
colors" will never occur because the available inks have 
unwanted spectral absorptions. The mask is thus designed 
to produce both wanted and unwanted colors with equal 

Wanted colors 
(contains Y) 

Unwanted colors 
(without Y) 

Wanted colors 
(contains C) 

Unwanted colors 
(without C) 

Wanted colors 
(contains M) 

Unwanted colors 
(without M) 

ORIGINAL COLOR PATCHES 

YELLOW PRINTER 

CYAN PRINTER 

MAGENTA PRINTER 

Where C Cyan 
M Magenta 
Y ~ Yellow 
MY ~ Magenta+Yellow (Red) 
CY ~ Cyan+YellOW (Green) 
CM ~ Cyan+Magenta (Blue) 
CMY = Cyan+Magenta+Yellow 

Figure 2 

Wanted- and Unwanted-colors in each color separation 
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densities (EAD's) respectively. This is the basic 
concept used to derive the following required mask 
densities (RMD's). 

In an ideally-masked separation, there are two 
levels of EAD: WEAD(wanted-color effective actinic 
density) and UEAD(unwanted-color effective actinic 
density). The WEAD can be viewed as an ideally-masked 
"black" patch, and the UEAD as an ideally-masked "white" 
patch, The "black" and "white" are the·aim points for 
wanted- and unwanted-colors, respectively. 

The difference between WEAD and the actual EAD 
(experimentally determined through the halftone sepa­
ration negative) of a wanted color is defined as the 
required mask density for the wanted color. Note that 
the RMD is the density on the mask. The derivation can 
be shown in a simple mathematical equation: 

RMD for wanted color = (WEAD) - (actual EAD of 
wanted color in the 
unmasked separation) (2) 

By the same token, the RMD for the unwanted color can 
be derived as shown: 

RMD for unwanted color (UEAD) - (actual EAD 
of unwanted color in 
the unmasked separation (3) 

The red, green, and blue separations each have a differ­
ent set of wanted and unwanted colors. Therefore, it is 
necessary to calculate a set of RMD's for each separation. 
The calculation for RMD's can be graphically illustrated 
as shown in Figure 3. 

As mentioned earlier, the actual EAD's of color 
patches in the separation were experimentally determined. 
However, two ideal aim points (WEAD, and UEAD) were 
hYPothetically assigned(see reference 10): 

WEAD 
UEAD 
UEAD 
UEAD 

1.50 
0.81 
0.57 
0.48 

for all three separations; 
for red separation; 
for green separation; 
for blue separation. 

Optimization and required mask curve shape 

At this point, one has a way to calculate the 
required mask densities(RMD's) and a way to change the 
effective actinic densities(EAD's) for color patches. 
Once calculated, the RMD's are fixed, but to what values 
should the EAD's be changed? This dilemma can best be 
illustrated with a graph. 
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CMY 

the Required Mask Densities 

The length of the arrows represent the required mask 
densities for the blue separation. The direction of the 
arrows denotes that density must be added to each actual 

point to arrive at the ideal level of WEAD or UEAD. 

Since, by definition, EAD's are referenced to the 
original gray scale, they can be thought of as identical 
to relative Log exposure. From this, it follows that the 
EAD's which are plotted on the X-axis can represent the 
relative Log E of the masking film. The RMD's which are 
plotted on the Y-axis are the densities required on the 
masking film. Therefore, the plot of RMD's against EAD's 
is identical to the D-Log E curve of the required mask. 
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Plotting RMD's (for blue separation) against the various 
obtainable EAD's of color patches for any given set of 
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The above concept then provides a criterion for 
choosing the optimum set of split-filter exposures; the 
optimum set is the one that shifts the EAD's of the mask 
so that its curve shape is achievable by conventional 
mask films. Figure 5 illustrates this concept by plotting 
a possible curve that falls within the range of EAD's 
carried over from Figure 4, 

In establishing the curve shape, the WEAD (the 
ideally-masked "black" patch) and UEAD (the ideally­
masked "white" patch) may be included in addition to the 
seven color patches, These additional data points act as 
the two end points for the curve plotted. 

As can be observed from Figure 5, the RMD is actually 
a function (shown by the curve shape) of the EAD's, This 
shape (the relationship) can be represented by a second 
degree equation: 

RMD = A + B(EAD) + C(EAD) 2 ( 4) 

where A, B, C are coefficients 

Having established the D-Log E criterion, the 
question now is how can red, green, and blue split-filter 
ratios be chosen to properly shift the EAD's so they line 
up to look like such a D-Log E curve? The best method may 
be to systematically try out all combinations of red, 
green, and blue filters (each of which is incremented by 
5% ); thus gives 231 combinations to be tested as shown 
in Figure 6. 

No. %Red %Green %Blue 

1 0 0 100 
2 0 5 95 

29 5 35 60 

102 25 30 45 

201 65 25 10 

231 100 0 0 

Figure 6 

Systematical combination of split-filter exposure 
for %red, %green, and %blue. Note that the total 
number of possible combinations are 231. 

Equation (1) is used to calculate the EAD's that 
would result from each combination. A second degree 
mathematical model was chosen to represent the D-Log E 
curve of the mask film and a least-squares technique was 
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used to fit the RMD versus EAD data; standard error of 
analysis served as a measure of how well the data fit 
the model. 

Results and Analysis 

The optimum split-filter ratios found by the computer 
analysis are: 

Split-filter mask for 
red separation 
green separation 
blue separation 

Optimum 

Note: Kodak Wratten filter #25, 
selected for representing 
filters respectively. 

split-filter r:g:b 
85 : 10 : 5 
95 I 0 I 5 

5 I 95 I 0 

#47B, and #58 were 
red, blue, and green 

The optimum split-filter masks for the green and blue 
separations do not need the third split-filter component 
since a two-filter split-filter exposure is sufficient to 
create the desired mask. On the other hand, the mask for 
the red separation requires a three-filter split-filter 
exposure where the red filter exposure plays a major role 
in making the mask. 

To explore to what extent these optimum ratios can 
be manipulated while retaining the same color correction, 
the computer program was modified to print all the re­
gression results for the 231 split-filter ratios that was 
tested. In other words, by simply examining the standard 
errors from the 231 regression analysis, one is able to 
observe the latitude in the choice of the best split­
filter ratios. Note that the standard error has been 
used to measure of "goodness of fit" in the analysis. 
Statistically speaking, the smaller standard error 
represents the better fit. 

To facilitate the observation, the 231 standard 
errors are rearranged in a form as shown in Figures 7, 
8 and 9. 

In each figure, a line was drawn to include the 
lowest standard error and the standard errors that are 
no greater than 0.003 of the lowest standard error. The 
0.003 tolerance is arbitrary chosen. Observe that, instead 
of using a single set of optimum split-filter r:g:b 
ratios, there are a number of r:g:b ratios which are 
equally good. This implies that there is latitude in using 
the optimum split-filter r:g:b ratios. For instance, in 
the red separation (Figure 9), the optimum split-filter 
mask can be made in which the red filter ratio can vary 
between 75 to 90 percent, a range of 15 percent. Similiar 
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Standard error value associated with each set 
of split-filter ratios that was tested in 
regression analysis for blue-separation mask. 

The region of optimum split-filter ratios are 
included in dotted line. 
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Figure 8 

Standard error value associated with each set 
of split-filter ratios that was tested in 
regression analysis for green-separation mask. 

The region of optimum split-filter ratios are 
included in dotted line. 
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Standard error value associated with each set 
of split-filter ratios that was tested in 
regression analysis for red-separation mask, 

The region of optimum split-filter ratios are 
included in dotted line, 

observations can be made for the masks for green and 
blue separations (see Figure 7 and 8). In practice, such 
latitude is expected to make the exposure of masks less 
critical. 

Curve shape of optimum split-filter masks 

Having chosen the optimum split-filter ratios, the 
curve shape of the optimum split-filter mask can be drawn 
as shown in Figure 10. The curves in Figure 10 illustrate 
the best compromise color-correction among color patches 
in each separation and the desired characteristics of 
every mask. 

A comparison of the positions of the circled color 
patch points with respect to the split-filter mask curve 
(Figure 10) allows one to predict the degree of color 
correction for the individual color patches. Points that 
fall close to, or right on, the curve indicate that the 
color patches represented by these points are properly 
corrected, Overcorrection is shown when the curve is 
above a point; undercorrection when the curve is below 
a point. 

Using this means of assessment on the split-filter 
mask for the blue separation (Figure 10 (a)), one would 
expect that the Y, M, and CM color patches will be 
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overcorrected while the MY and CMY patches will be 
undercorrected. The curve fitting these data points is 
merely fair. The use of higher order mathematical models 
may improve the goodness of fit, Notice that the optimum 
split-filter ratios for making the mask consist of a 95% 
green filter exposure, a 5% red filter exposure, and 0% 
blue filter exposure. Since there is latitude in making 
the split-filter exposures (see Figure 7), it is sus­
pected that the 5% red filter exposure has a very small 
influence on color correction, Consequently, it is 
suggested that one make the mask for the blue separation 
without giving the red-filter split exposure. Incidentally, 
if the red-filter split exposure is eliminated, the result 
proves to be similar to the conventional direct screen 
masking method where a single blue filter exposure is 
usually recommended to make the mask. 

The mask curve shape for the green separation (Figure 
lO(b)) shows a slight undercorrection in CM and CMY 
patches and a minor overcorrection in C and CY patches. 
The curve fit in this case is better than in the previous 
one. This mask is made with 95% red-filter and 5% blue­
filter exposures; no green-filter exposure is needed, 
This indicates that the major color correction occurs in 
the C and CY patches since they are affected the most 
when the mask is exposed to the red light. The 5% blue­
filter exposure can be eliminated in situations where 
applicable. The reason why a green-filter exposure is not 
needed is because the M and MY color patches that would 
be most affected by such an exposure do not require cor­
rection; they are already quite close to the curve in 
Figure lO(b). 

Turning to the red separation, the optimum split­
filter mask shows its curve shape as fitting the data 
points extremely well (see Figure lO(c)), The split­
filter mask requires a predominately red-filter exposure. 
It is not surprising, however, because the cyan-printer 
has traditionally required a red-filter mask for contrast 
reduction rather than color correction. On the other hand, 
the minor portions of green-filter and blue-filter ex­
posures may both have influence on color correction. 
Comparing to the other two split-filter masks, the red 
separation mask offers superior color correction as far 
as the curve shape is concerned, 

An additional observation of the curve shape of the 
masks shows that each mask utilizes a different portion 
of the D-Log E curve, The blue separation mask curve shape 
consists of the lower straight line portion and the toe 
while the mask curve shape for the green separation is 
nearly straight. For the red separation, mask curve shape 
seems to use the shoulder and upper straight line portion, 
see Figure 10, 
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Original with the individual optimum masks added to show 
curve shape of the combination, The original is 

represented as a 45-degree straight line. 

Figure 11 shows the combination of these optimum 
mask curve shapes and the 45 degree reference line which 
represents the original. This combination can be in­
terpreted as the curve shape of the masked original, 
Comparing the three curve shapes, it is found that the 
masked red separation gives higher contrast in the 
highlight and midtone area, 

Conclusions 

Based upon the foregoing results and analysis, the 
following conclusions can now be drawn: 

(1) The conventional difficulty of determining the 
optimum split-filter exposure ratios can be easily 
overcome by a computer-assisted approach described in 
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this paper. Moreover, it was discovered that, for a given 
set of process inks, the choice of optimum split-filter 
exposure ratios is not critical. In the practical appli­
cation, such latitude allows an easier control of split­
filter exposures. 

(2) It has shown by the computer analysis that using 
parabolic correlation to represent those optimum split­
filter mask curve shapes is adequate except for the mask 
for blue separation. It is expected that the use of a 
higher order mathematical model may improve the curve fit 
for the mask. 

As far as the three optimum curve shapes are concerned, 
the results of this study prove to be similiar to the 
customary mask requirment where the red separation mask 
possess higher contrast than the other two. 
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