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Abstract

Luminance contrast is the basis of text legibility, and maintaining luminance contrast is essential for any colour
selection algorithm. In principle, it can be calculated precisely on a sufficiently well calibrated display surface, but
calibration is very expensive. Consequently, most current systems deal with contrast using heuristics. However,
the usual CRT set-up puts the display surface into a state that is relatively predictable. Luminance values can be
estimated based on this state, and these luminance values used to calculate contrast using the Michelson definition.
This paper proposes a method for determining the contrast of coloured areas displayed on a CRT. It uses a contrast
metric that isin wide usein visual psychophysics, and showsthat the metric can be approximated reasonably without
display measurement, aslong asit is possible to assumethat the CRT hasbeen adjusted according to usual CRT set-up
standards.

1 Introduction

Luminance contrast is a measure of the perceived lightness or brightness difference between two colours. For the
perception of fine detail, such asin reading, contrast across edgesis very important. It has been shown that legibility
iswell predicted by the Michel son definition:

C = Lvax — Lmin
Lmax + Lmin ’
where L and Lyin are the maximum and minimum luminances of the foreground and background colours. The
contrast C' ranges from 0 to 1.0 (Legge, Rubin and Luebker, 1987; Legge et ., 1990).

Contrast isimportant in systems that automate the sel ection of colours. Such systems must have an effective means
for maintai ning adequate contrast whenever legibilityisneeded. Systemsintheliteraturetend to choose colourswithin
a sufficiently limited scope so as to ensure legibility (Grosse, 1985; De Corte, 1986), or use heuristics that depend
implicitly on theintuition of the system designer (Meier, 1988; Salomon and Chen, 1989). It would be desirableto be
able to determine the contrast of two colours algorithmically for usein amore general legibility metric.

In principle, it should be possible to maintain contrast algorithmically by calibrating the display®. If the exact
point-spread function of the display surface was known, it would be possible to determine the luminance of each
pixel? and cal culate the contrast. Unfortunately, detailed calibration is quite difficult and tends to be too expensive to
be undertaken in any but research environments. Furthermore, inter-pixel interaction effects can be large (Lyons and
Farrell, 1989), which has little effect on large area cdibrations but is very important in the presentation of detailed
meaterial liketext where contrast isvery important. Thus, itisimpossibleto take inter-pixel non-linearitiesinto account
without very extensive calibration, and incorporating them into a practical display modd is not currently possible. To
avoid theimpractical calibration overhead we may hope either that CRT manufacturers discover how to make display
surfaces without inter-pixel non-linearities, or that simple methods for estimating them be devel oped.

(1)

*Appearedin ACM Transaction on Graphics 11(4): 336-347, October, 1992.

1cadlibration is the process of adjusting the display surface to a known state. When we say calibration in this paper, we mean calibration done
to an exact colorimetric or radiometric standard. This almost always depends on measurement of the display surface, an expensive and laborious
process (Cowan, 1989). What we call set-up, on the other hand, refersto calibration done to an imprecise visual standard (see Section 2.)

2By apixel we denote a unit of writing to the display surface, where the writing model adds a distribution of light to whatever already exists on
the surface, with the distribution centred at the pixel position. The display surface can be divided into a set of cells centred on pixels, where each
cell consists of the points closer to the pixel position than to any other pixel position. Such a cell obtains most of its light intensity from the write
operation to the pixel at its centre. These cells are sometimes called pixels, but should not be confused with the pixels described in this paper.



Display A Display B
Typica Light Bright Light | Typicd Light Bright Light
Luminance of White 14.01 15.50 6.45 8.51
Luminance of Black 0.17 211 0.05 1.75
Rdlative Black Luminance 0.01 0.14 0.01 0.21
Contrast 0.98 0.76 0.98 0.66

Table 1: The luminance of large areas of black and white were measured on two typical displays without adjusting
the brightness or contrast controls. Display A is a Sun colour monitor Model GDM-1662B. Display B isa DEC
monochrome monitor Model VR 260-BB. The viewing environment is a computer lab equipped with both dim
incandescent directional track lights and overhead fluorescent lights. The typical lighting condition occurs with only
the dim incandescent lights turned on. The bright lighting condition occurs when the fluorescent lights are turned
on as well. The typica low lighting condition is representative of many computer labs. The monitors were set up
for the typical lighting condition using the standard set-up described in the main text. The contrast and brightness
of the displays were not subsequently adjusted to account for the brighter light. The relative black luminanceis the
luminance of black relativeto the luminance of white. The contrast was cal culated using Equation 1.

This paper isbased on apractical metric for determining luminance contrast which was devel oped while exploring
ageneral approach to automatic colour selection for window systems (MacIntyre, 1991). The goa of the system was
to choose colours for windows based on attributes of the window contents, such as the font to be used for displaying
text in atermina window and the relationship of the window to other windows on the display, without knowing the
exact contents of the window. To this end, the metric was designed to provide a contrast measure for the average
window contents. In this situation, a simple but imprecise metric combined with afairly high contrast threshold (the
contrast value used by the metric to indicate adequate contrast) produces results that are more useful than a complex,
precise metric with alow threshold.

2 Calculating Luminance

For Equation 1 to yield useful results, a reasonable approximation to the luminance of the two colours is required.
There are three distinct approximationsto luminance that must be considered, corresponding to different assumptions
about the model of the CRT and the viewer. First isthe drive luminance (1.4), which is calculated as a weighted sum
of the gamma-corrected RGB values (Cowan, 1989), and isthus easy to control programmatically. It correspondsto a
model which assumes a display surface that fits the set-up model exactly and ignoresinter-pixel effects. Second isthe
emitted luminance (/.. ), which istheluminance of light emitted from the display surface. Thismodel assumes an ided
viewing environment. Third is the perceived luminance (L, ), which isthe luminance of the total light that enters the
eye. L, isthe quantity that mattersfor calculating contrast, but only L isessy to control from within an application.
Controlling L. requires careful calibration; controlling L, requires attention to the visual environment and the stete of
the user.

While L, isthe relevant quantity, it is not possibleto calculate it in practice. First, the lighting conditionsin the
area of the display significantly affect the perceived luminance and are unknown in typical environments. Second,
most displays are equipped with two control s, a brightness control and a contrast control, which gresatly affect . (and
thus L,,). These controlsare intended to be used to set up the monitor to account for lighting conditionsin the viewing
area. Table 1 shows the effect of different lighting conditions on the luminance of large areas of black and white on
two typical displayswhen the displays are not readjusted to account for a change in viewing conditions. As can be
seen, increasing the ambient light increases the luminance of al colours on the display (by increasing the amount of
light reflecting off the display). The result isadramatic decrease in contrast, since both black and white are increased
equally. However, when the lighting conditions change, the user is expected to readjust the brightness and contrast
controls so as to maintain in the display surface the perceptua characteristics on which the brightness and contrast
settings are based.

These characteristics are reflected in the standard CRT set-up used in this paper, which is performed as fol-



lows (Cowan, 1989; Benedikt, 1985). First, the focusis set by the shrinking raster method: aflat field is displayed
and the focus adjusted to be as sharp as possible while ensuring that raster lines are invisible in the centre of the
screen. Second, the black level, or background level, is set by adjusting the brightness knob. It is set to the brightest
level consistent with zero input (L4 = 0) producing perceived black (L, = 0) under the usua ambient illumination
conditions. Finaly, the contrast is set to the highest level that produces no blooming when the CRT isused at full input
intensity. Blooming occurs when the el ectron guns supply too much energy to the display surface, resulting in wide,
blurry pixelsand desaturated colours (Cowan, 1989).

Whilethe exact L. values can not be determined, the relative luminance values change very little under different
lighting conditions, assuming the CRT is properly set up each time the lighting conditions change. For example,
the perceived luminance of black on a properly set-up CRT is roughly 1-2% of the perceived luminance of white,
regardless of the actua luminances. (In fact, if the CRT is unable to provide enough intensity to produce this ratio
for high ambient illumination it tends to ook washed out and users attempt to find better viewing conditions.) Since
contrast is afunction of relative differences, it is therefore reasonable to ignore the effects of lighting conditionsand
display adjustment for the purpose of cal culating contrast®.

This simplification is important, but not sufficient. It still remains to determine 7., which can normally only be
done through calibration. Fortunately, smple scaling arguments allow us to get a rough connection between L, and
L4 without doing any measurements. Recall that black, the darkest colour, correspondsto L, = 0, and white, the
brightest colour, corresponds to the maximum value of ;. Between them, as long as reasonable gamma correction
isperformed, L. scaeslinearly with L for large, homogeneous patches measured at a single location on the display.
Without knowing something about the adjustment of the CRT controls, the effective gamma needed to adjust the RGB
values can bein therange 1.4 to 4. But, assuming a properly set-up monitor, the gamma used to adjust the RGB values
can be assigned atypical value, around 2.3. L4 isthen approximated by the Y coordinate of the adjusted colour vaue
expressed in the CIE XY Z colour space. Once the black level is taken into account, contrast calculated using L4 is
exactly the same as the contrast calculated using L., for large areas of colour. The next section shows how to account
for the black level.

The above calculations do not take into account the inter-pixel effects which are also part of ... There are two
types of inter-pixel effects: display non-linearities and pixel broadening (bleed). Lyons and Farrell show that the
non-linearitiesthat exist in CRTs can be sizable and suggest possible approachesto account for them. Nevertheless, no
standard theory exists which accounts for them and could be used in arule of thumb cal culation like the one suggested
here, making thisatopic for future research.

Pixel bleed implies that pixels are not sufficiently localized spatidly for L, (adjusted only by the black level) to
be a good approximation for images with fine detail liketext. Section 2.2 shows how to correct for the spatial extent
of an average pixel. For high precision applications, this procedure requires expensive and difficult measurement, but
the calculations below show that a reasonable approximation can be produced based on monitor set-up conditions.
Thus, L4 with both effects included, which we call L/, scales linearly with .. and can be used in place of L. when
calculating Michel son contrast.

2.1 Correction for Non-Zero Black Level

The black level, or background level, of the display represents the minimum luminance that can be produced on the
display. The definition of black interna to the graphics system, a zero input to the CRT, does not imply zero luminance
on the screen: scattered and reflected light preventsit, not to mention residual beam current that is present even at zero
input.* Fortunately, the luminance of black on a well-adjusted CRT can be estimated from the set-up conditions. As
mentioned above, on a properly adjusted display the luminance of black is 1-2% of the luminance of white, asisthe
case with both of the displaysin Table 1 when properly adjusted to account for the low ambient lighting conditions.
However, when the L ; vaue of black is calculated, by taking the zero input to the monitor and gamma correcting
it, it will be 0. To correct this, aluminance of 1-2% of the L, value of white should be added to all L4 values before

3Thereare known but poorly measured effects by which the state of adaptation of the eye (whichisafunction of theprevailing lighting conditions)
changesthe luminance scaling of the response of the eye. When the CRT set-up is changed to account for different ambient lighting, changesto the
contrast and brightness controls change the CRT characteristicsto take this into account. But this effect is small and variesfrom CRT to CRT so it
isignored in this paper.

4Infact, if zero luminance black were obtainable, any colour whatsoever, even the darkest gray, would have a contrast of 1 comparedtoit. Then
al colourswould produce equally legible results when used with black, which experience showsis obviously incorrect.



they are used in the contrast calculation. Thus, 4 with the black level correction, which we shall call 7y is:
Lop = Y3+ B-Lwy, @)
where B isthefraction of white used to approximate the black level of the display and Ly isthe .4 value of white.

2.2 Pixel Bleed

When a single pixel isdisplayed on the screen of a CRT it has a spatia profile that extends beyond the borders of the
cell in which it is conceptually localized. This ‘leskage’ turns out to be the limiting factor in the ability of the CRT
to deliver contrast on its screen. The discussion below is based on the shrinking raster set-up, and should be close to
standard for al CRTsthat are focussed using it.

The luminance contribution of any pixd to its neighbours varies from display to display, but is significant in all
cases. The spatial profile of a stationary electron beam can be expressed as a Gaussian function centred at the pixel

location (zo, yo) by®:
Cb(l‘,y) o T];Tzexp<_((x_x0)2:2— (y_yO) )) ] (3)

The amount a pixel influences others around it depends on the value of the constant &, which represents the amount of
pixel bleed. Thisfunction isnormalized so that an infinite series of pixelswill have unit integrated weight in a unit
interval.

Thiseguation isagood approximationto thevertical profile of amoving electron beam, but less so to the horizontal
(ie. scanning direction) profile, which is affected by the performance of the video amplifiers (Mulligan and Stone,
1989). The degree of interaction between adjacent horizontal pixelsvariesfrom CRT to CRT, and involves substantial
non-linearitieson some CRTs (Lyonsand Farrell, 1989; Naiman and Makous, 1992). But Naiman and Makous' study,
in particular, shows that while there are substantial non-linear inter-pixel interactions, the horizonta profile of an
individual pixel remains qualitatively Gaussian. Thus, although the effect is very important for optimal quality font
display, it seems reasonable to assume that the horizonta profile is comparable in size to the vertical one, as Naiman
and Makous measurements seem to show for their CRT®. Among other things, any CRT that severely violates this
assumption would display undesirable visua anisotropy.

The o value in Equation 3 varies from display to display. Using a light meter capable of measuring the emitted
luminance of individual pixels, a reasonable approximation of this value can be determined for a given display, but
this procedure is both time-consuming and expensive. Instead, consider the effect on the appearance of the display of
varying ¢. Imagine displaying aflat field of equal intensity pixels. If the o value is small enough so that there is no
noticesble pixel bleed, it is possible to see the grid pattern of the pixels clearly on the display surface of a properly
set up CRT because the spatial profile of the pixel islimited to itsimaginary area, resulting in the pixels edges being
noticeably darker than their centres. Asc increases, the pixelsincrease the emitted luminance at their edges, aswell as
contributing to the emitted luminance of their neighbours. At the optimal level of pixel bleed, the emitted luminance
of the pixel edgesin a uniform field is close enough to the emitted luminance of the pixel centres that the difference
is imperceptible, resulting in the impression of an area of uniform emitted luminance. Increasing the pixel bleed
beyond this optimal level causes the area to become even smoother (though not perceptibly), but the display loses
its sharpness (Klassen, 1989). Choosing the minimal value of o for which no further improvement is possibleis the
essence of the shrinking raster set-up condition, and it defines a specific value for o.

Thus, while measuring individual displaysmay be impractical, it is possible to get areasonable estimate for o for
awell set up CRT. Klassen suggeststhat avalueof o/a = .51+ .01 isoptimal, where « is the distance between pixel
centres. By using o = a/2, Equation 3 becomes:

(4)

Using Equation 4, itispossibleto calculate the contributionthat apixel’ sneighboursmake to itsemitted luminance.
Consider a pixel P with al its neighbours the same intensity. Figure 1 shows the pixel neighbours and the amount
each contributes to the intensity of pixel P. 47% of the luminance of the area is contributed by the pixd itself. The

—2((x = w0 + (y yo>2>) |

a?

D(z,y) < iexn(

Ta?

5This formulais actually a simplification. It is complicated for colour displays by the existence of a shadow mask.
6This does not address the non-linear spatial interactions between neighbouring horizontal pixels. Asmentioned on page 2, while they may be
large, they are not sufficiently well understood and are therefore ignored in this paper.
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Figure 1. Thecentresof theimmediate horizontal and vertica neighboursof pixel P (labeled A) areadistanceof a from
the centre of P and each contributes 10.7% of the luminance of P. The centres of the immediate diagona neighbours
(labeled B) are a distance of a+/2 away and contribute 2.5% each. The centres of the more distant neighbours are a
distance of 2 (labeled C), a+/5 (labeled D) and 2a+/2 away (labeled E). Pixels C through E together contribute less
than 0.1% of the luminance of P.

remaining 53% is contributed almost completely by the immediate neighbours, neighbours C through E contributing a
negligibleamount. Given theinsignificant contributionof themore distant neighbours, only the immediate neighbours
need be considered to calculate the intensity of apixe.

In principle, it is possible to caculate the intensity of al relevant pixels. Pappas and Neuhoff (1991) use such
an approach when halftoning images for output on a laser printer. They modd the interaction of halftone dots on the
printed page and use this information to determine how dark any given spot will actually appear. However, their goa
isto model accurately the display device (alaser printer) and exploit this model to increase the quality of halftoned
images. The goal of this paper, on the other hand, is to create an approximate model of the output device (a CRT)
and use thismode to estimate the contrast of atypical image. Thereisno desireto accurately cal culate exact contrast
values for specific pixels on the display. Systems such as (Maclntyre, 1991), which generate colours automaticaly,
must choose coloursbeforethey are used, so acontrast metric isrequired which providesasinglenumber that estimates
the performance of the whole screen. Therefore, instead of examining a particular screen image, we determine the
average adjacency of foreground and background pixel's (see Section 3) and then use these values to cal culate average
luminance vaues for foreground and background pixels. L, of the average background pixel is approximated by:

Ligyg = € Lty + (1= &) (Latyg Nog + Letyg(1 — Nog)), (5)

where [dbfg and Ldlbg represent the Lgp luminance (from Equation 2) of the foreground and background colours. Nyg
represents the average number of background pixels adjacent to a background pixel. The contribution of a pixel to its
own total luminance, &, would typically use the value of 0.47 calculated above. L/, of the average foreground pixel
can be calculated similarly:

Lipy = &Ly + (1= &) (Layg(1 — Ng) + Latyy Nig). (6)

where N represents the average number of foreground pixels adjacent to a foreground pixel.

Except in the rare case where the contents of the display are known ahead of time and remain fixed, the adjacency
values are most reasonably approximated using averages such as those computed in the following section. Three
important observations should be made. First, Ny is not necessarily equal to Nyg. Second, when calculating the
average adjacency, only pixels that are a a luminance edge should be considered because they are the ones that
determine the contrast at that edge.

Thirdly, this section is primarily of concern for rendered objects whose image is only afew pixels thick, as pixel
bleed does not have as significant an effect on thick objects, where more than 2 pixelsis considered thick. Since only
a pixelsimmediate neighbours contribute significantly to the emitted luminance of its cell, the maximum luminance of
an object that is many pixelsthick is controlled by pixelsin its uniform central region. Thus, while the edges of thick
objects are blurred by pixel bleed, their maximum luminance is essentially equal to their Ly, luminance.
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Figure 2: The average number of foreground (black) pixels around any foreground edge pixel in afont varies widely
between fonts. Over 74% of theforeground edge pixelsin font (a) have only one or two foreground neighboursand less
than 5% have four or more neighbours, with an average of 2.3 neighbours. Conversely, over 60% of the foreground
pixelsin font (b) have five or more neighbours and less than 8% have two or less, with an average of 4.4 neighbours.
In both cases, most background pixels that are adjacent to at least one foreground pixel have 3 or less foreground
neighbours. Only 9% of the background pixelsin font (a) have 4 or more foreground neighbours, with 2.4 on average.
Similarly, 16% of the background pixelsin font (b) have 4 or more foreground neighbours, with 2.6 on average.

3 Guidelines for Deter mining Pixel Adjacency

In this section, guidelinesfor determining the average pixel adjacency values Ny and Nyg are discussed. The average
pixel adjacency is the average number of background or foreground pixels which are immediate neighbours of a
typical background or foreground pixel, respectively. The approaches suggested here are based on those devel oped
in(MacIntyre, 1991) and produced acceptabl e resultsinthat context. Asdiscussed inthe previoussection, themorethat
isknown about the context inwhich the colourswill be used, the more accurate the estimate of average pixel adjacency
that may be calculated. Text-based applications are considered first, followed by graphics-based applications.

3.1 Text Based Applications

For text based applications, two observationscan be made. First, the average neighbour of aforeground pixel islargely
determined by the font being used. Second, the average neighbour of a background pixel islargely independent of the
font being used.

Consider the two fonts shown in Figure 2, rendered in black text on a white background. The white background
pixels bleed into any adjoining black foreground pixels, increasing their emitted luminance and therefore lowering
contrast. The average foreground pixel of font (a) (the thinner font) has amost six background neighbours, whereas
the average foreground pixel in font (b) (the thicker font) has just over three. As aresult, the foreground pixels of
font (a) have their emitted luminanceincreased by roughly twice as much asthe foreground pixelsof font (b), resulting
in alower contrast for font (a) than for font (b).

Conversely, consider what happens when these fonts are rendered in whitetext on ablack background. The white
foreground pixels bleed into the adjoining black background pixels, increasing their emitted luminance and therefore
lowering contrast. The average foreground pixel of font (a) has two foreground neighbours, whereas the average
foreground pixel of font (b) has approximately four. As aresult, the foreground pixels of font (a) have their emitted
luminance increased by roughly half as much as the foreground pixels of font (b), resulting in a lower contrast for
font (@) than for font (b).

The effect in both cases isthe same. Font (@) has|ess contrast than font (b) when displayed with the same col ours.
While it is conceivable that the average pixel adjacency relationships could be calculated for each font used, fonts
can more usefully be divided into a few categories such as thick and thin. Thick fonts are those whose foreground
pixels are adjacent to many other foreground pixels, similar to font (b) in Figure 2. Font (&), on the other hand, is
representative of thin fonts; most of the pixels adjacent to its foreground pixels are background pixels.

Note that a fonts “thickness’ is dependant on its bitmap representation, and is not intended here to encompass its
typographic characteristics, such as its weight or spacing, which may aso affect afonts legibility (see (Rubinstein,
1988) for a discussion of digital typography). It should aso be kept in mind that the effect discussed here is device-
dependent. It would be natural, for example, for the scan conversion softwaredrivingaCRT totaketheweight of afont



Black Level
Pixel Colour 01 025 .05
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Thick Font ~ Black on White || 0.84 025 054 | 085 026 053|088 0.29 0.50
WhiteonBlack || 0.18 0.77 061 | 020 079 059 | 022 081 057
Thin Font Black on White || 0.85 039 0.38 | 087 040 037|089 043 035
WhiteonBlack || 0.17 0.63 058 | 018 065 056 | 0.21 067 053
SinglePixel  Black on White || 0.95 054 027 | 096 056 027 | 099 058 0.26
WhiteonBlack || 0.07 048 0.73 | 009 049 0.70| 011 052 0.64
Large Area  Black onWhite || 1.01 0.01 098 | 1.02 0.03 095|105 0.05 091
WhiteonBlack || 0.01 101 098 | 0.03 102 095|005 105 091

Table 2: The effects of different black levels and pixel adjacency relationships are apparent. Changing the black
level isinsignificant compared to the effect of changing the pixel adjacency relationship. The thick and thin fontsare
those shown in Figure 2. The contrast was calculated using the values suggested in the text. The single pixel values
represent the cal culated contrast for asingleforeground pixel completely surrounded by background pixels. Thelarge
area val ues represent the maximum possible contrast, obtained by ignoring the effects of pixel bleed for large areas of
uniform colour.

into account so that larger characters do not appear to have a different luminance contrast than smaller ones. Similarly,
these considerations are taken into account intuitively when a font is hand tuned for a CRT of a given resolution or
when fonts or scan conversion algorithms are hand-tuned for printers of specific resolution.

3.2 Graphics-Based Applications

In agraphics based application, theinteraction of the foreground and background is much harder to determine without
significant work because the relatively simple pattern found with text is not as likely to exist. One approach when
no pattern can be found is to use the worst case situation, in which eight pixels of the lighter colour surround each
pixel of the darker colour, significantly lightening the darker colour. While this situation may be extremely unlikely,
depending on the application, this assumption provides alower bound on 7/, and, therefore, contrast. Additionaly, it
islikely to be the case in which diminished contrast is most visible.

As with text based applications, a more reasonable estimation is possible if something is known about the objects
rendered. For example, consider the two fonts shown in Figure 2 as simple bi-level graphics. Font (a) correspondsto
adrawing consisting of single pixel width objects. Slightly thicker objects would correspond to Font (b).

Table 2 showsthe contrast calculated for black and white foregrounds and backgroundswith an optimal ¢ value of
0.47. As can be seen, the effects of using different black levelsisnot very significant compared to the effect of using
different pixel adjacency values.

4 Contrast Metric

By using the average adjacency relationship and the optimal ¢ value, a reasonable metric for measuring luminance
contrast can be determined by setting Lnac and Ly in Equation 1 to the appropriate one of L/dbg and L’dfg from

Equations 5 and 6, as follows

L/dfg) ’ ¢

Lmin = min(L’dbg,L’dfg). 8)

Lmax max (L’dbg,

In practice, thismetric could be used in two ways. First, given two colours and some information about how they
will beused (ie. background and foreground coloursfor displayingtext using acertain font) an estimate of the contrast
between these colours could be produced. To accomplish this, first transform the colours into the CIE XY Z colour



space (Foley et a., 1990). Next, usetheY coordinates of the XY Z triplesasthe ; valuesin Equation 2. Equations 1,
5, 6 and 8 can then be used to determine the contrast for the two colours.

A dightly different use of thismetric isto determine, given acolour and adesired contrast threshold, the minimum
(or maximum) L, value a second colour would need so that the pair of colours, when used together, exceed the
specified threshold. Thisisaccomplished by rearranging the equations and solving for either L/dbg or L’dfg, as desired.

In (Mecintyre, 1991), acontrast of 30% was used as alegibility threshold. Thisnumber was arrived at by informal
testing of arelatively smal number of people, and represented a calculated contrast which allowed text to be read
comfortably across a wide range of colours and fonts. The forma verification of this metric is a subject of future
investigation.

5 Conclusion

By assuming that a CRT has been set up in astandard way, both thelighting conditions and the display controlscan be
effectively ignored since the display controlsare adjusted specifically to account for thelighting conditionsand put the
display surfacein astate that isrelatively perceptually predictable. A set of simple equationsare provided to calculate
the contrast relationshipsbased on this state. The equations are devel oped from simple heuristicsthat account for the
most important factors affecting the perceived contrast on a CRT display, the black level and pixel bleed.

These equations provide a fast and reasonable estimate of luminance contrast which can be used when pairs of
colours must be tested for legibility on the fly.
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