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Introduction

In these later years extensive changes in presentation
technologies occurred. High-powered digital projectors,
efficient screens were developed; programs for creating the
presentations were vastly simplified. It all enabled apply-
ing modern methods of transmitting information not only
in business, but also in scientific and teaching remits.

On the other, presentations are hold in enlightened
rooms. Ambient light or backlight degrades luminance
contrast and visibility of the image in the same breath.
Ambient light discolours image, therefore its colour gamut
narrows. Colour contrast decreases as well.

The concept colour contrast (the contrast between two
colours) is used often but it is not specifically academically
defined yet. Generally we can say that the highest contrast
(difference) is between diametrically opposite factors.
Thus the highest contrast should be obtained between two
colours, which are directly opposite each other on Mun-
sell’s colour wheel. These are the colours positioned at
180° from each other [1].

The maximum contrast between light and dark is obvi-
ously between black and white. However, the contrast be-
tween blue and yellow is also very high.

Human eye responds to luminance, therefore the visi-
bility of colours should be analysed as their luminance
contrast.

Notation of colour luminance contrast

General formula of the luminance contrast is as fol-
lows:
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where K — luminance contrast; L, — foreground luminance;
L, — background luminance.

On analysing the colours, coordinate Y can be used. It
is equivalent to luminance in the XYZ colour system [2—
4]. Thus Eq. (1) could be modified to obtain the formula of
colour luminance contrast:
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where K, — colour luminance contrast; Y, — coordinate Y of
., colour; Yy — coordinate Y of white colour; Y, — coordi-
nate Y of ambient light.

Ambient light is evaluated as a part of projector‘s lu-
minance white constituent and is signified as a factor k-

Ya:kYW. (3)

The values of factor k vary from k = 0 (no ambient
light, the room is absolutely obscured) to £ = 1 (luminance
created by ambient light equals to luminance of white light
created by projector), ranging from 0,1 to 0,7 in practice.

Eventual equation of colour luminance contrast:
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Colour luminance contrast was computed.

The most often used for backgrounds five pure com-
puter colours were chosen as follows: White - W = R255 +
G255 + B255; Black — K = RO + GO + B0O; Dark Red
(brown) — R80; Dark Green — G80; Dark Blue — B8O0.

The other pure computer colours were chosen as fore-
grounds: Red — R255; Green — G255; Blue — B255; Cyan —
C = G255+ B255; Magenta — M = R255 + B255; Yellow —
Y = R255 + G255; White — W = R255 + G255 + B255;
Black — K =R0 + GO + BO0.

All computing results are shown in Table 1. It should
be noted that the colour difference remains the same when
ambient light is added, but contrast decreases notably,
therefore visibility deteriorates.

Some consistent patterns can be noticed (Fig. 1-4).
First of all, colour luminance contrast obviously decreases
as constituent of ambient light increases. Secondly, in re-
gard to every background there are several inherent col-
ours, which have high colour luminance contrast and am-
bient light has lower influence on them. Colour luminance
contrast of such colours decreases less than 50 % when
factor of ambient light £ is less than or equal to 0,7. These
colours could be called as ,,lightproof™.


http://www.ktu.lt/en/kut/fakult/elektr/frames3_5.html

Table 1. Results of colours’ luminance contrast computing

Constituent of ambient light (factor k)
Colour of foreground
o | o00s | o1 | o2 | 03 | o4 | o5 | 07 | 10
White background (W = R255 + G255 + B255)
R =R255+ G0+ B0 0,65 0,62 0,60 0,56 0,52 0,49 0,46 0,41 0,36
G=R0+ G255+B0 0,17 0,16 0,16 0,15 0,14 0,13 0,13 0,12 0,10
B = RO + GO + B255 0,87 0,83 0,79 0,73 0,68 0,63 0,59 0,52 0,45
C = RO + G255 + B255 0,12 0,12 0,11 0,11 0,10 0,10 0,09 0,09 0,08
M =R255 + GO + B255 0,56 0,54 0,52 0,48 0,45 0,42 0,40 0,36 0,31
Y =R255 + G255 + B0 0,04 0,04 0,04 0,03 0,03 0,03 0,03 0,03 0,02
K=R0+ GO0+ B0 0,98 0,93 0,89 0,82 0,76 0,70 0,66 0,58 0,49
Black background (K = R0 + GO + B0)

W =R255 + G25 + B255 0,98 0,93 0,89 0,82 0,76 0,70 0,66 0,58 0,49
R =R255+ G0+ B0 0,91 0,74 0,63 0,48 0,39 0,33 0,28 0,22 0,17
G=R0+G255+B0 0,97 0,91 0,85 0,76 0,69 0,63 0,58 0,49 0,41
B =R0+ GO + B255 0,76 0,47 0,34 0,22 0,16 0,13 0,11 0,08 0,06
C = RO + G255 + B255 0,97 0,92 0,87 0,78 0,71 0,65 0,60 0,52 0,43
M =R255 + GO + B255 0,93 0,80 0,70 0,56 0,46 0,40 0,35 0,28 0,21
Y =R255 + G255 + B0 0,98 0,93 0,88 0,81 0,74 0,69 0,64 0,56 0,47

R80 background (R80 = R80 + GO + B0)
W =R255+ G25 + B255 0,98 0,93 0,89 0,82 0,75 0,70 0,65 0,58 0,49
R =R255 + GO + BO 0,90 0,73 0,62 0,47 0,38 0,32 0,28 0,22 0,16
G=R0+ G255+ B0 0,97 0,91 0,85 0,76 0,69 0,62 0,57 0,49 0,41
B =R0+ GO + B255 0,72 0,45 0,33 0,21 0,16 0,13 0,10 0,08 0,06
C=R0+ G255+ B255 0,97 0,91 0,86 0,78 0,71 0,65 0,60 0,52 0,43
M =R255+ GO + B255 0,92 0,79 0,69 0,55 0,46 0,39 0,34 0,27 0,21
Y = R255 + G255 + BO 0,98 0,93 0,38 0,80 0,74 0,68 0,64 0,56 0,47
K=RO0+ GO0+ B0 0,08 0,02 0,01 0,01 0,01 0,00 0,00 0,00 0,00

G80 background (G80 = RO + G80 + B0)
W =R255+ G25 + B255 0,92 0,88 0,84 0,78 0,72 0,67 0,62 0,55 0,47
R =R255 + GO + BO 0,69 0,57 0,49 0,38 0,31 0,27 0,23 0,18 0,14
G =R0 + G255 + BO 0,90 0,84 0,79 0,71 0,64 0,59 0,54 0,46 0,39
B =R0+ GO + B255 0,29 0,20 0,16 0,11 0,08 0,06 0,05 0,04 0,03
C=R0+ G255+ B255 0,90 0,85 0,81 0,73 0,66 0,61 0,56 0,49 0,41
M =R255+ GO + B255 0,76 0,66 0,58 0,47 0,39 0,34 0,30 0,24 0,19
Y = R255 + G255 + BO 0,92 0,87 0,83 0,76 0,70 0,65 0,61 0,53 0,45
K=RO0+ GO0+ B0 0,60 0,30 0,20 0,12 0,08 0,07 0,05 0,04 0,03

B80 background (B80 = R0 + GO + B80)
W =R255 + G25 + B255 0,99 0,94 0,90 0,83 0,76 0,71 0,66 0,58 0,50
R =R255+ G0+ B0 0,96 0,78 0,66 0,50 0,40 0,34 0,29 0,23 0,17
G =R0 + G255 + BO 0,99 0,92 0,87 0,77 0,70 0,64 0,58 0,50 0,41
B =R0+ GO + B255 0,90 0,54 0,39 0,25 0,18 0,14 0,12 0,09 0,06
C=R0+ G255+ B255 0,99 0,93 0,88 0,79 0,72 0,66 0,61 0,53 0,44
M =R255 + GO + B255 0,97 0,83 0,72 0,57 0,48 0,41 0,36 0,28 0,22
Y =R255 + G255 + B0 0,99 0,94 0,90 0,82 0,75 0,69 0,65 0,57 0,48
K =R0+ GO + B0 0,43 0,09 0,05 0,03 0,02 0,01 0,01 0,01 0,01
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Colour luminance contrast of the positive image

The positive image has a dark foreground and a light
background.

Elaborating results of research shows that the least
number of lightproof colours there is on White background
(see Fig. 1). There are Black and Blue foreground objects
which are well seen only. These colours are well-chosen
for objects with a small angular dimension (text, thin lines,
small figures).

Colour luminance contrast of even such bright colours
as Red and Magenta varies from 0,45 to 0,60. Thus these
colours can be considered as moderate lightproof colours.
They can be successfully used for colour objects with big-
ger radial dimension (large-scale title fonts, middle-sized
figures and their outlines, thicker than usually used lines).

Colour luminance contrast of the rest colours is less
than 0,2; therefore they can be used like filling of sizeable
objects.

After exploring light backgrounds such as Yellow or
Cyan we can see that computing results are identical to
White background ones.

White background
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Fig. 1. Colour luminance contrast reliance on constituent of
ambient light in the case of image with White background

Colour luminance contrast of the negative image

The negative image has a light foreground and a dark
background. It is important that there are more lightproof
colours in case of use negative image slides.

Analysis of foreground colours on the Black back-
ground shows (see Fig. 2) that there are four lightproof col-
ours: White, Yellow, Cyan, and Green. Luminance of these

Black background
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Fig. 2. Colour luminance contrast reliance on constituent of am-
bient light in the case of image with Black background
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colours decreases in half when factor of ambient light % is
less than or equal to 0,7 (k < 0,7). In this case possible op-
tions of well seen colour for object with a small angular
dimension are twice as many as in positive image.

Even Red and Magenta foregrounds are slightly more
lightproof compared to slides of positive image, therefore
possibility of applying these colours increases while using
projectors with more intense luminous flux.

It is not always necessary to use only Black back-
ground. Some other dark background colours can be cho-
sen. Analogous results were get on Dark Red (R80 + GO +
B0), Dark Green (RO + G80 + B0), and Dark Blue (RO +
GO + B80) backgrounds (see Fig. 3-5). In all cases the
same 4 colours remain lightproof: White, Yellow, Cyan,
and Green. Red and Magenta can be applied additionally.

R80 background
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Fig. 3. Colour luminance contrast reliance on constituent of am-
bient light in R80 background

G80 background
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Fig. 4. Colour luminance contrast reliance on constituent of am-
bient light in the case of image with G80 background

B80 background
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Fig. 5. Colour luminance contrast reliance on constituent of ambi-
ent light in the case of image with B80 background



Other positive features of negative image 2. High colour luminance contrast of positive image
can be got with Black and Blue colours as foreground only.
Image area from a screen projects into the eye and its It is very low when the foreground is Green, Cyan or Yel-

projection area on the retina corresponds the one of the ob-  low, therefore these colours can be used for large objects
ject which has a relatively large solid angular dimension.  entirely.

In the case of a negative image, human eye adapts to a low 3. Colour luminance contrast of Red and Magenta fo-
luminance, therefore it becomes more sensitive and the  reground are lower in both negative and positive images,
small image details are seen well. Because of the same rea-  therefore these colours should be used for colouring size-
son eye becomes more sensitive to colour luminance con-  able objects.

trast.

Small light details of negative image seems as though  References
are bigger, lines visually seems to be thicker because of the

irradiation effect, so the visibility of the image gets better. 1. Colour contrast. ~ Access on the web: http:/
//h41140.www4.hp.com/mac_connect/uk/en/tipsandtricks/ed
Conclusions colour contrast.html (accessed on 2006 11 21).

2. MemkoB B. B., MatBeeB A. B. OCHOBBI CBETOTCXHUKH. —
Mocksa: Dueproatomusaat. — 1989. —432 c.

1. High colour luminance contrast can be got on dark 3. CIELab colour space. Access on the web: http://www. tho-

backgrounds as follows: Bla?k’ Dark Red (brpwn), Dark emden.de/~hoffmann/cielab03022003.pdf(accessed on 2006
Green and Dark Blue. The highest colour luminance con- 10 16).

trast is received when the foreground is White or has the 4. A standard default colour space for the Internet — SRGB. Ac-
one of these pure colours — Yellow, Cyan, and Green. Fur- cess on the web: http://www.w3.org/Graphics/Color/sRGB
thermore the influence of ambient light over these colours (accessed on 2006 11 12).
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Several factors determine visibility of a presentation in an enlightened room. One of them is colour luminance contrast. Colour lumi-
nance contrast reliance on ambient light was explored. On the base of results, foreground and background colour combinations of the
best screen-image visibility were determined. The highest colour luminance contrasts can be got in the case of dark background and the
foreground of White, Yellow, Cyan or Green colour. Ambient light has the least influence on these colours. The highest colour lumi-
nance contrast on White background is with Black and Blue foregrounds only; in the case of Green, Cyan and Yellow foreground colour
luminance contrast is low, so these colours should be used only for large objects. Colour luminance contrast of Red and Magenta is low
of both negative and positive images; therefore these colours are well-chosen for sizeable objects. I1l. 5, bibl. 4 (in Lithuanian; summa-
ries in English, Russian and Lithuanian).
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sjexTpoTrexnuka. — Kaynac: Texnonorus, 2007. — Ne 7(79). — C. 19-22.

BupumocTts M300paXkeHHs1 MPE3eHTAlMM B OCBELICHHOM INOMELICHUH IHPEIOIpeIeIsieTcsl HEeCKOIbKUMU (akTopaMu. lcciaenoBana
3aBHCUMOCTb OJHOTO M3 HUX — KOHTPACTa SIPKOCTH IBETa — OT OCBEIIEHHOCTH NoMelleHus. Ha ocHOBe pacueToB oOIpesiesieHbl I[BETa
00BEKTOB U (JOHOB, CO3AIOIINE HAMITYUIIHE COYCTAaHUs 110 BUAUMOcTH. HanbGonbmii KOHTpacT SPKOCTHU LIBETa U HAUMEHbLIIEE BIMAHUE
OCBEIICHHOCTH MOMEIICHH HaOMIOAAIHNCh B ciIydae 0eJoro, sKeJIToro, roiyooro u 3eneHoro oO0beKToB Ha uepHoM (one. Ha Gemom
(hoHe HaMOOIBIINM KOHTPACTOM SIPKOCTH IBETa 00JIANAIOT JIHIIbh YePHBIE H CHHUE OOBEKTHI; KOHTPACT SPKOCTH 3€JICHOTO, TOIyO0ro 1
JKEITOr0 LBETOB SIBJISICTCSl HE3HAUUTENBHBIM, ITOITOMY 3TH IBETA CJIEIyeT HMCIIOIb30BaTh JIMIIb JUIl HauOojee KPYHMHBIX OOBEKTOB.
KoHTpacT SpKOCTH IBeTa KpacHBIX M HMYpIYpPHBIX OOBEKTOB SIBISICTCS HEOONBIIMM KaK HAa HETaTHBHOM, TaK M HA IIO3MUTHBHOM
N300paXeHHsIX, II09TOMY ITH IIBETa IPUMEHUMEI ISl 00BbEKTOB cpeiHel BeanunHbl. M. 5, 6ubi. 4 (Ha TUTOBCKOM s3bIKe; pedepaThl Ha
AHTJIMHCKOM, PyCCKOM U JIATOBCKOM $I3.).

S. Masiokas, M. Kriuglaité, K. Otas. Skaitmeninés projekcijos vaizdo spalvy skais¢io kontrastas // Elektronika ir elektrotechni-
ka. — Kaunas: Technologija, 2007. — Nr. 7(79). — P. 19-22.

Pateikties vaizdo matomuma apsviestoje patalpoje lemia keli veiksniai. I8tirta vieno i$ ju — spalvy skais¢io kontrasto — priklausomybé
nuo patalpos apsvietimo. Apskai¢iavus nustatyta, kurie fono ir objekto gryny spalvy deriniai sudaro geriausia vaizdo matomuma. Spalvy
skaisCio kontrastas didziausias ir patalpos ap$vietimo jtaka maziausia, kai baltas, geltonas, zydras arba zalias objektas projektuojamas
tamsiame fone. Baltame fone didziausia spalvos skais¢io kontrasta sudaro tik juodi ir mélyni objektai; zalios, zydros ir geltonos spalvy
skaiscio kontrastai labai mazi, todél rodytini tik labai dideli Siy spalvy objektai. Tiek pozityvinio, tiek negatyvinio vaizdo raudonos ir
purpurinés spalvy objekto skaisCio kontrastas yra palyginti nedidelis, todél rodytini vidutiniy matmeny $iy spalvy objektai. Il. 5, bibl. 4
(lietuviy kalba; santraukos angly, rusy ir lietuviy k.).
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