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Evaluation of a Simple Method for
Color Monitor Recalibration

An algorithm for recalibrating a color monitor's RGB in-
put—output relations is presented that requires only a sin-
gle measurement of a properly chosen reference stimulus.
For the application under concern, i.e., reproduction of
35 different colored patches that were used as stimuli for
psychophysical experiments on color constancy, the ref-
erence stimulus was a white (D65) presented at a lumi-
nance corresponding 1o the mean of the test stimuli. Three
sets of data were obtained for evaluating the algorithm’s
error reduction power for a given stimulus configuration.
These relate to different ways in which the monitor can
get out of calibration. That is, slow, but cumulative
changes over time, fast changes due to gun interaction
(resulting from changed stimulus conditions), and error
introduced by a different setting of the monitor's bright-
ness control. Additional experiments were performed to
evaluate the effect of background intensity and color. The
algorithm was found to be quite effective in dealing with
the instantaneous changes (gun interaction, brightness
control), and also for keeping track of the slow changes
that may finally necessitate a full recalibration of the
monitor.

Introduction

Computer-controlled CRTs are used for a wide range of
applications, from displaying text to complex animated
graphics. We use our color monitor as a stimulus generator
for psychophysical studies on color constancy. Typical for
this purpose is the need for a well-defined input-output cal-
ibration, e.g., the relation between the CRT’s digital input
(digital to analog converter value, DAC value) and the screen’s
light output (luminance) for each of the three R,G,B guns.
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When a computer-controlled color monitor has been
calibrated for a certain stimulus configuration, there is no
guarantee that after a period of time, or after a change of
configuration, the calibration is still valid. Depending on
the application, display hardware, and photometric equip-
ment, many adjustments may be needed to reach the de-
sired accuracy for color reproduction.

Recently, several authors reported their findings from
monitor calibration efforts.'-* Post and Calhoun'? com-
pared seven models for generating colors with specific CIE
chromaticity coordinates and luminances on CRTs. They
conclude that a piecewise linear interpolation method is
most accurate, and found that 16 calibration points per gun
are sufficient to reconstruct the input-output relation.
However, their work does not solve the common prob-
lems of gun interaction and temporal instability. Brainard®
focussed on finding a minimal set of assumptions that limit
the number of measurement points for monitor calibra-
tion, including assumptions of spatial interaction.

A full monitor calibration can be very time consuming,
so it is worthwhile to find out when recalibration really
becomes necessary. For most applications, a “‘measure and
adjust” algorithm as proposed by Post and Calhoun'* may
be used, but again, this involves a lot of measurements.

In this communication we report on the results obtained
with a recalibration algorithm that reduces measurements to
a minimum. We found that, for a given stimulus condition,
a single measurement, e.g., the measurement of the average
stimulus chromaticity (usually white) at an intermediate lu-
minance level, may already result in an acceptable recali-
bration. Recalibration here means shifting the R,G,B input-
output relations along the log luminance axis. The chro-
maticity coordinates of the monitor’s phosphors are assumed
to remain constant (as was also confirmed by measurement).
In the following we shall present data that show both the
need for continuous calibration and the efficacy of the method
proposed.
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Method
Colorimetry

In principle, that is, assuming additive color mixing to
apply, one only needs the input-output relations (luminance
vs. DAC value) and the three phosphor chromaticity coor-
dinates to calculate the DAC values for the red, green, and
blue gun, required for producing specified XYZ (CIE 1931)
tristimulus values. The colorimetric equation for deriving
the monitor’s luminance output is given by
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where x, y, and z are the 1931 CIE chromaticity coordinates
with subscripts R, G, B referring to the appropriate phosphor.
The assumption of phosphor constancy implies that the ma-
trix in (1) has fixed elements. Note the conversion sign on
the matrix in (1). The DAC values for the three guns are
calculated by

DAC; R
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where the INTERPOLATION operation stands for inter-
polating the input-output curve on a logarithmic scale. A
smaller interpolation error results this way, because the log-
arithmic input-output curves show less curvature than the
linear curves. Applying (2) after (1) will be referred to as
“generating” colors, whereas applying the inverse of (1)
after the inverse of (2) will be referred to as “analyzing”
colors. Thus, “‘generating” involves transforming XYZ to
RGB space, whereas “analyzing” implies the opposite trans-
formation.

Measuring the Input-Output Relation

Before a recalibration algorithm can be used, the original
set of RGB input-output relations must be known. The mon-
itor we used was a high-resolution Hitachi 19-inch color
monitor (1152 X 900 pixels, 24 bit/pixel), controlled by a
Sun 3/260 computer. Measurements of the CRT’s light out-
put were performed with a SpectraScan PR-702AM (Photo
Research) spectroradiometer and a Spectra Pritchard (Photo
Research) photometer. The photometer was used for mea-
suring at low luminance levels.

Following the practice recommended by Cowan’ and
Brainard,’ the pattern we used for measuring the calibration
curves (spatially) resembled the pattern that was used in the
psychophysical experiments. Here, the calibration pattern
displayed 35 square patches (70 X 70 pixels), arranged in
a5 x 7 array, on a black background. The patches’ centers
were separated by a (square) grid distance of 140 pixels.
The luminance of the central patch, located at the screen’s
center, was measured with all 35 patches displayed in the
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FIG. 1. (a) Luminance vs. DAC-value characteristics mea-

sured at installation date. (b) The same curves measured
after about 6 months of display use.

same color, The DAC values were chosen so as to produce
roughly equal luminance intervals on a logaritmic scale.
Each R,G,B curve was measured while the other two guns
were disconnected, to exclude their residual contribu-
tions.®”

Figure 1(a) shows the input-output relations, measured
at the central patch, whereas Fig. 1(b) shows the same
measurements six months later. Anticipating the results, to
be discussed in the next section, it is clear that the
monitor’s calibration curves changed quite a bit over time
(especially at the lower DAC values). This might be due to
aging of the phosphors, although we found, confirming
Brainard,’ that their chromaticity coordinates had hardly
changed. We initially measured, at the highest DAC
values (255), the following set of (x,y) values for R, G, and
B: (0.6312,0.3550), (0.3076,0.5957), (0.1473,0.0697),
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