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Color Balance of Color-IR Film 
A simple semi-quantitative method for the adjustment yields 
reproducible results without a densitometer. 

LTHOUGH color-infrared film or false color Ar 11m has been used extensively for vegeta- 
tion and other resources surveys for more 
than a decade, there still seems to be consid- 
erable controversy about its usefulness for 
these purp0ses.l The unqualified statement 
that certain features could not be  distin- 
guished by this type of film is only too often 
heard or read. 

These disagreements and doubts about the 

photographic procedures such as den- 
sitometric or special photographic tech- 
niques. This procedure could, furthermore, 
also accommodate color shifts due to non- 
ideal processing conditions, batch-to-batch 
variations in film quality and gradual aging of 
the film. 

The only prerequisites for this procedure 
are consistent (though non-perfect) proc- 
essing conditions, reasonable stocks of film of 
the same characteristics and not too rapid 
aging conditions. 

ABSTRACT~A semi-quantitatiue method is described for the selection of 
a suitable combination of Kodak Wratten or Color Compensating 
fi1ter.s and the exposure factor required for optimum color balance in  
color-infrared film. This method does not require sophisticated 
photographic techniques or equipment, the only prerequisite being 
consistent processing conditions and a reasonable stock of film with 
similar characteristics. Tables are presented to facilitate the estima- 
tion of the color balance and exposure factors offilter combinations. 

utility of color-infrared film is most probably 
due to the fact that often the photographic 
technique employed did not exploit the full 
capabilities of the medium. The fact that the 
optimum color balance required depends on 
the subject investigated and could be ob- 
tained by judicious filtering was recognized 
by Fritz in 19674. More recently Pease and 
Bowden5 have shown how the optimum color 
balance for high-altitude photographs could 
be obtained in a similar manner. The fact that 
these procedures are largely based on trial- 
and-error methods (a color balance-exvosure 

T h e  sensitivity of, for example, the  
yellow-forming layer of color-infrared film is 
defined3 as 

S ,  ( A )  = l IE ,  ( A )  (1) 

where E ,  ( A )  is the energy density of mono- 
chromatic blue radiation at wavelength h 
required to produce an optical density of 1.0 
in the yellow layer. 

If the film is exposed through one or more 
filters with a transmission of F , ( A )  the quan- 

series of 69 mentio*ed by Fritz!) mig6t have ti@ 
delayed their more widespread acceptance. 

During experiments designed to provide 1 /(IS (A) F ( A )  F ( A ) .  . . ( A )  d ~ ) ( 2 )  
high-altitude aerial photographic support to I 2 

the  ERTS-1 program, a semi-quantitative 
method for estimating a suitable filter com- 
bination and exposure factor was developed. is equivalent to the energy density produced 
This method yielded reproducible results. by a white energy spectrum containing con- 
The procedure is within the capabilities of stant energy per wavelength unit (constant 
users who do not have access to sophisticated spectral energy density). 
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The quantity 

m 

E, = -log IS, (A) F ,  (A) F 2  (A) 
lo 0 

is therefore equivalent to the relative log ex- 
posure required to produce an optical density 
1.0 in the yellow layer. 

The relative log sensitivity for blue radia- 
tion 

is a more useful measure in practice. 
Similar parameters am and a, may be de- 

fined for the magenta and cyan layers, giving 
respectively the relative log sensitivities to 
red and infrared radiation. 

The first three columns of Table 1 give the 
values of my, a,, and ac for Kodak Aerochrome 
Infrared Film 2443 in conjunction with dif- 

ferent combinations of commonly used 
Kodak Wratten and Color Compensating 
Filters. These values were calculated accord- 
ing to Equation 4, using the manufacturer's 
data2 on the spectral sensitivity S (A) of Kodak 
Aerochrome Infrared Film 2443 and filter 
transmissions F, (A) as measured on a Beck- 
mann Model D K  Recording Spectro- 
photometer. The transmission curves for 
some filters are given in Figure 1. Integration 
was performed numerically between 460 and 
900 nm (the limits between the cut-on of the 
minus-blue filters and the long wavelength 
sensitivity of the film) at 10-nm intervals by 
means of a computer program which facili- 
tated the calculation of the effect of any filter 
combination. These values may be presented 
graphically for selected combinations as 
shown in Figure 2. 

The fact that the value of ac is about 0.4 
units lower than that of wq and q, upon em- 
ploying the No. 12 filter, reflects the Iower sensi- 
tivity of the cyan layer with respect to the ma- 
genta and yellow layers2. 

The fourth column of Table 1 also lists 

Filter or Combination 

12 
15 
16 
12 + CC 10M 
12 + CC 20M 
12 + CC 30M 
12 + CC 40M 
12 + 82A 
12 + 82A + CC 10M 
12 + 82A + CC 20 M 
12 + 82A + CC 30M 
12 + 82A + CC 40M 
12 + 82B 
12 + 82B + CC 10M 
12 + 82B + CC 20M 
12 + 82B + CC 30M 
12 + 82B + CC 40M 
12 + 80C 
12 + 80C + CC 10M 
12 + 80C + CC 20M 
12 + 80C + CC 30M 
12 + 80C + CC 40M 
12 + 80B 
12 + 80B + CC 10M 
12 + 80B + CC 20M 
12 + BOB + CC 30M 
12 + 80B + CC 40M 

* 7 S(A)  Fl ( A )  Fz (A)  . . - F,, (A) dh  in units of 10-12 m3 e rg1  
0 
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FIG. 1. Transmission curves of some Kodak filters. 
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FIG. 2. Bar graph representation of relative log 
sensitivities for some filter combitlations. 

which may be used in practice to estimate the 
exposure. A decrease in a of 0.30 units neces- 
sitates an exposure increase of one photo- 
graphic stop. 

A more convenient way to represent the 
relative sensitivities of the three layers is to 
define the parameters 

Consequently 

only two of these parameters being indepen- 
dently variable. 

The physical significance of C,,  C, and C, 
is that they are the corresponding values of 
ug, a, and a, when the particular filter com- 
bination is combined with a neutral density 
filter to reduce a to 4.. 

The values of C,, C, and C,, also listed in 
the last three columns of Table 1, may be 
presented graphically in a triangular color- 
space graph as shown in Figure 3 for some 
filter combinations. 

Diagrams similar to Figure 3 can be con- 
structed on commercially available triangu- 
lar graph paper by plotting the corresponding 
values of C,, C, and C, (listed in Table 1 or 
calculated according to Equations 4 and 6 for 
other filters) for those filters employed. The 
required exposure increase in photographic 
stops, derived from a in Table 1 (or calcu- 
lated according to Equation 5) may be indi- 
cated by contours as in Figure 3. 

In practice it is found that each successive 
addition of a further filter to the essential 
minus-blue filter causes a change, Au in a. 
These differences are approximately addi- 
tive. This is due to the fact that only small 
variations occur in F,(A) over the range 
where the product of the particular S (A) with 
the minus-blue filter curve is non-zero. 

Similarly an additional filter causes 
changes in the values ofC,, C, and C,. These 
differences, AC,, AC, and AC,, are also found 
to be approximately additive but in a vector- 
ial sense. 

Table 2 lists the values of the differences 
Aa, AC, and AC, for different filters as well as 
the values of r and 8,  the magnitude and 
direction of the vector as defined in Figure 3. 
It can be shown that 

and sin 8 = d3 ACm/2r. (9) 

Given the values in Table 1 of a ,  C,, C, and 
C, for the minus-blue filters 12,15 and 16, the 
corresponding approximate values for any fil- 
ter combination may be calculated analyti- 
cally or graphically by the utilization of the 
difference values in Table 2 (observing the 
algebraic signs). 

Some values of u, C,  and C, obtained in 
this manner are compared in Table 3 with 
values obtained from exact calculations ac- 
cording to Equations 4, 5, 6a and 6b. The 
agreement for the first four combinations is 
almost exact. This is because these values in 
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FIG. 3. Triangular color space representation of color balance by the parameters 
C,, C, and C,. The solid circle, for example, represents the values for the 
combination 12 + 80C + CC 30M. Dashed contour lines indicate the required 
increase in exposure in photographic stops. The diagram in the lower right 
hand comer defines the parameters r and 8 

Filter Au A% ACc r 

Table 1 were used to set up Table 2. Good tions is, however, questionable in view ofthe 
agreement is also found for filter combina- large exposure factors (more than three stops) 
tions employing a Wratten No. 16 filter which involved. 
were not used for Table 2. Finally, larger but Better estimates for combinations with 
tolerable disagreement is found for the last Wratten 15 and 16 may be obtained by using 
two combinations consisting of four filters. the corresponding figures in the last two rows 
The practical utility of such dense combina- of Table 2. 
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Filter Combination 

12 + 82B + CC 30M 

Calculation u c ,  CC 
-- - 

approximate 
exact 

approximate 
exact 

approximate 
exact 

approximate 
exact 

approximate 
exact 

approximate 
exact 

approximate 
exact 

In view of the fact that our experience and 
published as well as unpublished reports in- 
dicate that the relative sensitivities of the 
layers of color-infrared film may vary consid- 
erably with emulsion number, as a result of 
thermal history or with processing condi- 
tions, the absolute values ofthe figures in the 
tables are of limited value. Provided it may 
be assumed that the changes in sensitivity are 
caused by vertical shifts in spectral sensitiv- 
ity curves, the relative values may be used to 
select a set of filters and an exposure factor in  
order to obtain a desired color balance. 

For this purpose a particular batch of raw 
materials and the processing conditions are 
standardized for a particular subject and set 
of conditions by means of a limited series of 
exposures. These might be made with the 
filter combinations representing the extreme 
and central values in the color-space diagram 
Figure 3. Because the filter factors can be 
estimated from u to within close limits, a fil- 
ter combination-exposure series of 10 to 15 
exposures may be sufficient to select the op- 
timum color balance for the photographic 
mission. 

Subsequent color balance shifts can be cor- 
rected by inspection of Figure 3 and, if 
necessary, supplemented with additional 
calculated filter combinations. For increase 
in red (more infrared sensitivity) a filter shift 

approximate 0.94 0.387 0.430 
exact 0.96 0.374 0.471 

into the direction 6 = -30 is required. For 
more green (red sensitivity) or blue (green 
sensitivity) filter shifts in the directions 8 = 
90" and 8 = -150°, respectively, are re- 
quired. With experience the  value of r 
required can be estimated with confidence. 

In the current program particular attention 
was paid to high-level photography for which 
increased infrared sensitivity (more red) is 
required5. The blue-green color balance was 
also adjusted to an optimum to record the 
characteristic red soils of the target area in 
yellow. 

Preliminary experiments were undertaken 
with hand-held 35-mm photography em- 
ploying readily available and inexpensive 
35-mm Kodak Ektachrome Infrared Film. 
Supplies in batches of 5 rolls were obtained 
from local dealers and processed commer- 
cially by the E-4 process. Filters were 
mounted in front of the lens. 

Although consistent quality was obtained 
with different processing orders of one batch 
of film, large variations in color balance were 
observed with films from different batches. 
Particularly the first batch of film showed an 
excessive blue cast, probably due to aging. 
By following the procedure outlined above, 
satisfactory photographs could, however, 
also be obtained with this batch of film. 

Full-scale tests were undertaken on Kodak 
Aerochrome Infrared Film 2443 in a 114-mm 
format aerial camera with 200-mm lens. 
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Processing of this format film was accom- LITERATURE CITED 
plished with an Old Delft Hansen processing 
unit with Kodak E4 chemicals according to 
standard recommendations. T h e  film i n  this 
processing uni t  is wound  onto a spiral which 
is  t h e n  moved from tank to tank. 

A filter combination-exposure series for 
selection of t h e  opt imum combination was 
taken a t  2,500 m. (See Plate 1.) Exposures 
were  made  at  one-stop intervals a n d  filters 
were  mounted beh ind  t h e  lens. Plate 2 shows 
a n  example of photography from a n  altitude 
of 13,000 m. 

T h e  author  acknowledges t h e  assistance of 
Dr. J. H. J. Coetzee i n  writing t h e  computer  
program. 
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PLATE 1. (Upper set offour images on opposite page). (a) top left. Kodak 2443 in 
114-mm format aerial camera at 2500 m. Filter: 12. Exposure: f18 at 11200 
second. (b) top right. Same film and camera as (a). Filter combination: 12 + CC 
40M. Exposure: fl8 at 11200 second. Calculated exposure increase relative to 
(a): 0.20 = 4/2 stop. (c) bottom right. Same camera and film as (a). Filter 
combination: 12+ 80B. Exposure: f15.6 at 11200 second. Calculated exposure 
increase relative to(a): 0.49 = 1% stop.(d) bottom left. Same cameraand film as 
(a). Filter combination: 12 + 80B + CC 40M. Exposure: fl2.8 at 11200 second. 
Calculated exposure increase relative to (a): 0.68 = 2Y2 stops. 

PLATE 2. Kodak 2443 in 114-mm format aerial camera at 13,000 m. Filter 
combination: 12 + 80B + CC 40M. Exposure: f12.8 at 11200 second. 
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