
RICHARD D. WORSFOLD
Centre for Cold Ocean Resources Engineering

St. John's, Newfoundland A1C 5S7, Canada

More on Color Compensating
Fi Iters
with Infrared Film*
The density shifts of the individual layers of color infrared
film resulting from exposure through magenta, red, green,
and cyan color compensating filters was investigated.

INTRODUCTION

T HE SHIFT OF THE characteristic curves of
color infrared film results in a change in

the color balance of the film. The new color
balance often can be beneficial and a knowl­
edge of the changes can result in variations

production Laboratory of the Canadian Na­
tional Air Photographic Library. The wedges
were exposed with a Wratten 12 (WI2) filter
in combination with each of the following
color-compensating (CC) filters:

ABSTRACT: Further studies were carried out to investigate the den­
sity shifts of the individual layers of color infrared film resulting
from exposure through magenta, red, green, and cyan color compen­
sating filters. Laboratory studies using step wedges for plotting
characteristic curves and statistical studies with photographs taken
over varying terrain were considered. The characteristic curves
showed the shifts. The CC40 filters appeared to give the best results
to effect the superimposition of either the blue or green layer upon
the red layer so that the red layer and shifted layer have the same
sensitivity. The statistical studies showed that not enough data
points had been sampled to conclusively establish normality and
independence of each of the three imaging layers. It is felt that the
independence ofthe three layers could not completely be established
because of the overlapping sensitivity of the green and red layers.
The attenuation factor indicates that it may have some effect in
aiding the establishment of the independence of the three layers.

The purpose of the study was to examine the
shift of the characteristic curves of the three
layers of the cm film.

of basic densitometric analysis depending
upon the target of interest.

A series of 21 level step wedges were ex­
posed on Kodak Film Type 2443 using a sen­
sitometer operated by the Photographic Re-

* This paper was originally presented as "Statis­
tical Analysis of the Effect of Red, Green, Magenta
and Cyan Color Compensating Filters on Color
Infi-ared Film" at the ASP-ACSM Convention,
February 27 to March 5, 1977, Washington, D.C.
This paper has been modified to include only the
new information that was presented at that time.

CC20R
CC30R
CC40R
CCSOR

where R = Red
CC20G
CC30G
CC40G
CCSOG

G = Green

CC20M
CC30M
CC40M
CC50M

M = Magenta
CC20C
CC30C
CC40G
CC50C

C = Cyan_
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The second part of the study involved the
analysis of aerial photographs exposed
through each of the filter combinations. The
photographs were obtained by the Canada
Centre for Remote Sensing. A sample of
each photograph was analyzed with a scan­
ning microdensitometer and the resulting
digitized data were used for a statistical
study. A 64 x 64 matrix of density points was
taken from the digitized data and statistics
carried out, which resulted in the analysis of
4096 density points, a significant increase
from the first attempted statistical analysis
(Worsfold, 1976).

Because of space requirements, only fig­
ures for the magenta series of filters are
presented in this paper.

The characteristics and properties of color
infrared film (CIR) are well known (Tar­
kington and Sorem, 1965; Fritz, 1967; Kodak
Publication M-69, 1976). Any of the three
image layers can be density shifted (Fritz,
1967; Pease and Bowden, 1969; Worsfold
1976). Changes in color balance can be ben­
eficial and can result in enhancement of
celtain image layers. Cochrane (1968) stress­
ed the need for color balance studies and
Malan (1974) outlined a method to change
color balance, without the use of densitome­
ter studies, which he describes as semi­
quantitative. Malan's requirements were
consistent processing conditions and a stock
of film with similar characteristics. It has
been shown that color balance shifting can

be used within limits to restore improperly
exposed or filtered photographs (Lockwood
and Sauer, 1975). A study was carried out by
Worsfold (1972) to assess the effects of
color-compensating filters on CIR film, and
applied statistics were carried out in an at­
tempt to place color balance shifting on a
more quantitative basis (Worsfold, 1976).
Worsfold's results (1972) were confirmed in
field tests by Tarnocai and Thie (1974). The
Worsfold results (1976) indicate that more
data points were needed for statistical test­
ing.

FILM/FILTER DATA

The characteristics of CIR film are well
documented (Fritz 1967; Kodak Publication
M-69, 1976). The use of color-compensating
filters causes an increase in the density of
the blue and green layers that results in an
apparent enhancement of the red layer. In
this paper, the filters used were CC Magen­
ta, CC Green, CC Red, and CC Cyan. The
density series used were CC20, CC30,
CC40, and CC50. The CC20 filters change
the exposure of the standard film (exposure
through a W12 filter) by one-third of an
J-stop. CC30, CC40, and CC50 filters will
change exposure accordingly; therefore, ex­
posure through each filter combination was
adjusted. Figure 1 shows the increase in ab­
sorption for increasing magenta density with
CCM filters, data taken from Kodak Techni­
cal Publication B-3 (1971).

ceM COLOUR COMPENSATING FILTERS
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FIG. 1. Diffuse density curves for CCM filters.
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FIG. 2. D log E curve for CC20M test wedge.

PROCEDURE

One roll of color infi'ared film was exposed
using the Canada Centre for Remote Sensing
sensitometer. A 21 division step wedge was
exposed on the film using the various filter
combinations. The resulting characteristic
curves were plotted. Figures 2 to 5 show the
curves obtained for the magenta filters. A
W12 standard was plotted and shown as Fig­
ure 6 and the Kodak theoretical curve is
shown as Figure 7 for comparison. A single
roll of film was used to control the process­
ing in order to ensure constancy of the plot­
ted curves.
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FIG. 3. D log E clIIve for CC30M test wedge.
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FIG. 4. D log E curve for CC40M test wedge.

The resulting density data were compared
with the W12 standard. Using the W12 as a
zero reference, the density difference be­
tween the standard and the combinations was
calculated. The deviations from the W12 for
the CCM series are shown as Figures 8 to 10
for each of the blue, green, and red layers.
From these graphs the amount of density in­
crease for each layer for each combination
can be seen.

A sample of each filter combination was
analyzed hom film that was recorded by the
Canada Centre for Remote Sensing. The
data film was recorded at an altitude of

FILM 2443
FILTER cc 50M
BLUElAVER --

GREENLAVER--

REO LAVER -----
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FIG. 5. D log E curve for CC50M test wedge.
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RELATIvE LOC. [XPOSURE
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FIG. 6. D log E curve for W12 test wedge.

RESULTS

Figures 2 to 5 show the characteristic
curves for the magenta series of filters.
Examination of the curves shows that the
most noticeable density shift occurs with the
blue layer. The greater the density of the CC
filters, the greater the density increase of the
layer affected. Both the green and red curves
also experience a density increase but not of
the same magnitude as the blue values.

The CCR filters are similar to the CCM
filters. The blue layer undergoes a large den­
sity increase and the green and red layers a
minor density increase. The CCG and CCC
filters act in a similar manner; for both sets
the green layer undergoes the greatest in­
crease with the blue and red layers undergo­
ing minor increases. Figures 8, 9, and 10
show the comparison density shifts with re­
spect to a standard wedge (Figure 6).

The statistical studies carried out on the
various selected images show basic agree­
ment with the shifts that are evident when
filtration is applied to the step wedge sam­
ples. The univariate statistics using mean,
median, mode, range, variance, and standard
deviation all show the density shifts and give
statistical measure to the shifts so that com­
parisons can be made. The statistics confirm
that for the blue layer, both the magenta and
red filters show shifts with respect to the
W12 standard blue layer. The green layer
shows shifts of the green for the CCG and
CCC filter combinations. The red layer ex-

of ewfoundland. The optical densities
were recorded in the X and Y directions. The
digitized data were recorded with a Kennedy
Digital Magnetic Tape Recorder. The di­
gitized data were then analyzed using an
IBM 370 computer with standard statistical
computing packages. The statistical analysis
involved the normalization ofthe digital data
using a procedure outlined by Brooner and
Simonett (1971). The following statistics were
carried out using the digitized output from
the sample film:

(1) univariate descriptive statistics,
(2) bivariate descriptive statistics,
(3) univariate frequency distributions,

and
(4) bivariate frequency distributions.

In order to provide a standard, four frames of
W12 standard data also were analyzed by the
same methods.

By using the scanning microdensitometer
and the SPSS computer program, the author
was able to analyze 4096 density points per
photograph (SPSS, 1975). This was a sig­
nificant improvement over the 100 density
points of earlier results (Worsfold, 1976).
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FIG. 7. Theoretical D log E curve for Kodak
Aerochrome infrared film 2443 (after Kodak Data
for Aerial Photography, M-29, 1971).

10,000 feet over a varying terrain (i.e., open
fields, water, forested areas). Four Vinten 70
millimeter cameras were operated simul­
taneously and each set (CC20, CC30, CC40,
and CC50) of filters (green, red, cyan, and
magenta) was exposed at the same time to
ensure that the same terrain was being ob­
served for each type of filter.

Each of the samples was analyzed by
using a Technical Operations Incorporated,
Scandig Scanning Microdensitometer located
in the Remote Sensing Laboratories of the
Engineering Faculty of Memorial University
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DEVIATION OF BLUE DENSITY
FROM Wl2 STANDARD

FOR CC M FI LTERS
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FIG. 8. Density differences between W12 stan­
dard and CCM, blue layer.

periences a small increase in relative density
for all four f1l ters.

An examination of kurtosis values for the
various filter combinations shows that 62
percent of the blue values were greater than
one and 94 percent of the values were great­
er than zero, no values were considered ex­
cessively peaky. The green layer showed 50

00.0.

percent greater than one and 94 percent
greater than zero with only 6 percent consid­
ered peaky. The red density layer showed
44 percent great than one, 94 percent great­
er than zero, and no values excessively
peaky. An examination of skewness showed
that blue values were consistently clustered
about both the right and left sides of the
mean, the green values were negative and
thus clustered to the right of the mean, and
red values clustered to the left of the mean,
and all positive. This is true for all density
increments of the filter combinations.

Bivariate statistics were undertaken in
order to attempt to determine correlation be­
tween the layers. Examination of the W12
standard indicates that there is not a strong
linear relationship between the blue and
green density values. The relationship be­
tween the blue and red and the green and red
show values of the correlation coefficient
varying between ::to.53 and ::to.82 which in­
dicates a moderately strong linear relation­
ship.

The correlation coefficient for the magenta
series of filters shows that there is weak cor­
relation for blue-versus-red values and mod­
erately strong correlation for blue-versus­
green and green-versus-red. For the green
filters there is moderately strong correlation
between the blue and green and the blue
and red but weak correlation between the
green and red density values. The CC red
filters show strong correlation for the
green-versus-red density values, weak corre­
lation for the blue-versus-red, and weak to

DEVIATION OF GREEN DENSITY
FROM W 12 STANDARD

FOR CCM FILTERS
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FIG. 9. Density differences between W12 standard and CCM, green layer.
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DEVIATION OF RED DENSITY
FROM· W 12 STANDARD

FOR CCM FILTERS
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FIG. 10. Density differences between W12 standard and CCM, red layer.

strong correlation for the blue-versus-green.
In the last set, the cyan shows moderate cor­
relation for all possible cases.

The remainder of the statistics, calculated
for the bivariate case, enable the drawing of
the regression line. For the W12 standard,
the slope of the regression line for the blue
and green case indicates the line is almost
flat with respect to the X-axis. The blue and
red and green and red slopes are moderate
and vary by about 0.5.

For the magenta series of filters the slope
for the blue-versus-green plot varies by
about 0.5 while the blue-versus-red slope is
almost flat with respect to the X-axis. The
green-versus-red slope for the magenta
series approaches 1.0.

The slope of the regression line for the
blue-versus-green case varies by about 0.5
for the green series of filters. This is also true
for the blue-versus-red case. The green­
versus-red slope is hlirly flat and varies by
about 0.3.

For the red color-compensating filters the
green-versus-red slope is very steep and ap­
proaches 1.0. The blue-versus-red slope is
flat and varies by about 0.15 while the blue­
versus-green slope of the regression line var­
ies from 0.14 to 0.67.

The cyan series of filters shows slopes for
the regression lines for all three cases to vary
by about 0.5.

Frequency curves confirm the calculated
univariate statistics, and scattergrams repre­
senting bivariate combinations of the three
density layers visually confirm the regres­
sion statistics.

DISCUSSION

The major shifts of the characteristic
curves are in agreement with the known
shifts (Worsfold, 1976). The shift is propor­
tional to the value of density of the color­
compensating filter used. In each instance, a
density shift of the other two density layers
also occurs. This shift is minor in comparison
to the major shift and is caused by the at­
tenuation factor (Worsfold, 1976). For each
series of CC filters there is one layer for
which the value of the major shifted curve
approaches the value of the red curve.
Therefore, direct comparison between
either the blue ancVor green layer and the
red layer can be obtained, indicating that a
relationship can be made between the ratio
of the green or red radiation and the near­
infrared radiation. This can be carried out if
the characteristic curves belong to the same
distribution, but it is only relevant for the
photograph being used.

The statistics confirm that the shifts that
take place as shown by the wedges also take
place when sample imagery is used. The
values obtained for kurtosis indicate that the
distributions are more peaked than the nor­
mal curve (kUltosis = a for normal curve,
SPSS, 1975). This is true for both the W12
standards and the test samples. The W12
standard showed by the skewness value that
the standard density values were spread
equally on both sides of the mean with val­
ues consistently ± 1.0. This indicates near
normality (skevvness = 0 for normal distribu­
tion, SPSS 1975). For the test samples the
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blue layer values had characteristics similar
to the standard, but the green values were
clustered to the right of the mean and the red
values clustered to the left. This information
could not be reduced to apply to any pmticu­
lar filter density.

The bivariate statistics were calculated in
order to determine if there was any correla­
tion between the various density layers. The
W12 standard shows that the blue and green
values appear independent of each other and
that the blue and red and green and red have
a moderate dependency. Examination of the
various filter combinations biled to estab­
lish dependency between the various layers,
indicating that the optical densities were
dependent upon wavelength and not each
other. This indicates that, by shifting the
characteristic curves so that two or more are
members of the same distribution, density
ratios and relative density differences can be
computed that would be characteristic of the
terrain classification. The bivariate tests
show that the density values depend upon
the wavelength and not each other; there­
fore, when comparisons are made between
density values, they can actually be made
between the amount of energy recorded in
different wavelength ranges.

Two complications still exist. The first is
the attenuation factor which has not been ac­
counted for and the second, the green
layer is sensitive over the 500 to 690
nanometer range and the red layer is sensi­
tive over the 500 to 900 nanometer range.
Thus, the green and red sensitivities overlap
into the blue range. Both the overlaps are
moderately sensitive. The attenuation factor
may help to negate this sensitivity overlap
but further studies will be necessary to un­
derstand the true impact.

Examination of the frequency curves and
the kurtosis values indicate that more den­
sity points will have to be sampled before
nonnality can be established and before the
skewness values can be understood. There
are no apparent reasons for the green values
to cluster to the right of the mean and the red
values to cluster to the left. The bivariate
statistics do not indicate conclusively
whether there is or is not dependency be­
tween the layers although independence is
indicated.

CONCLUSIONS

Although graphs have been presented
only for the magenta color compensating fil­
ters, similar graphs were plotted for the
green, red, and cyan data. In all cases the
same shifts occurred to the data in either the

blue or green layer. The results show that
the magenta and red filters can be used to
shift the blue layer and the green and cyan
filter can be used to shift the green layer.

Depending upon the emulsion and its age,
the magenta and red filters can be used to
shift the blue layer until it becomes approx­
imately superimposed upon the red curve.
The statistics show occurrence of the shift.
Once the shifted layer has been superim­
posed upon the red curve, it can be assumed
that the curves have the same sensitivity;
therefore, direct comparisons can be made
between the two layers. The green and cyan
filters shift the green layer so that it becomes
superimposed on the red curve. Therefore,
com pari sons can be made between the
amount of green radiation and the amount of
infi-ared radiation or the amount of red radia­
tion and the amount of infrared radiation.
The CC40 filter appears to be the best filter
to use for the film used in this test as dem­
onstrated for this CIR emulsion.

The statistics indicate that more points
should be analyzed because it was not pos­
sible to establish normality of the distribu­
tions or complete independence of the radia­
tion for each spectral region. The lack of in­
dependence may be due to the overlapping
sensitivities of the green and red layers.
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NEW HEWLETT-PACKARD MULTICOLOR GRAPHIC
PLOTTER WITH MICROPROCESSOR IS FAST,

EFFICIENT FOR Low TIMESHARE COSTS

Microprocessor-based circuits in this new ISO
A3 (28 by 40 cm and 11 by 17 inch) flatbed
timeshare plotter improve operating efficiency to
reduce timeshare computer and transmission
costs. This new four-color Hewlett-Packard Model
7221A Graphic Plotter has features not found in
other currently available remote terminal plotters.
Among these are internal arc and circle genera-

tion, and user-defined dashed line patterns. Any
sequence of plotter instructions can be stored in
the buffer memory as macro-instructions for recall
as many times as needed. Up to 64 different
macro-instructions can be stored at one time. For
more infornlation please contact Inquiries Man­
ager, Hewlett-Packard Company, 1507 Page Mill
Road, Palo Alto, California 94304.

HEWLETT-PACKARD INTRODUCES PRERECORDED
PROGRAMS

Prerecorded programs, which solve many im­
portant civil engineering calculations when used
with HP-67 and HP-97 programmable personal
calculators, have been announced by Hewlett­
Packard Company. The new Civil Engineering
Pac I, which costs $45, contains 18 different pro­
grams which enable civil engineers and architects
to perform difficult and often time consuming cal­
culations in minutes. Programs have been re­
corded on tiny magnetic cards which are inserted
into the calculator. The user need only key in the
variables to find the correct answer. Among the
programs included in the Pac are Vector Statics,
Cantilever Beams, Steel Column Formula, Linear
or Angular Defomlation, and Bolt Torque.

The HP-97 is a fully programmable calculator
that features a quiet printer, 224 fully merged
steps of program memory, and a "smart" magnetic
card reader. The HP-67 is the pocket-sized ver­
sion of the HP-97. The HP-97 and HP-67 are
priced at $750 and $450 respectively. Please con­
tact Inquiries Manager, Hewlett-Packard Com­
pany, 1507 Page Mill Road, Palo Alto, California
94304.


