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Introduction

In previous papers colour luminance contrast was fo-
regoing. However, objects with the same colour luminance
contrast are distinct if they differ in colour. In this paper
colour difference AE influence over visibility will be dis-
cussed when other visibility factors are invariable.

Briefly, colour difference is a distance between two
colours in colour body. Prerequisite for this concept is uni-
form colour space.

In common case, if there was a colour system with,
e.g. MNP coordinates, colour difference would be AE =
(AM*+AN*+AP?)Y2 [1].

XYZ system is unusable as it is not uniform. A chan-
ge of the same amount in a color value does not produce a
change of about the same visual importance. Ideally colour
difference of one unit would equal to one visually just no-
ticeable difference (JND). If point of any colour is taken
and closest JND points are marked around it, outline of
these points will be uneven elipses. Disparity in length in-
dicates the amount of distortion between parts of the diag-
ram [2].

UVW system is more practicable (since 1931 it was
held as the main one, though is best only for small colour
differences, e.g., for colour reproducing quality of different
light sources).

Uniform colour spaces

Two uniform colour spaces CIELAB and CIELUV
were simultaneously adopted by CIE to approximate hu-
man vision. CIELAB is an opponent colour system. It cor-
relates with a fact that somewhere between the optical ner-
ve and the brain retinal colour stimuli are translated into
distinctions between light and dark, red and green, and
blue and yellow [2]. CIELAB indicates these all values
with three axis L, a, b.

Luminance values run from 0 (black) to 100
(white). The same valuation is used in CIELUV. Luminan-
ce or grayscale axis is separate unlike in RGB, CMY,
where it depends on relative amounts of the three colour
channels. Y scale is a uniform scale of luminance with
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equal steps between each value, but it is not adequate to
represent differences that are visually equivalent. Human
eye has much less ability to differentiate between degrees
of lower values than it does in middle and higher values
[2]. L values are approximately uniformly spaced, but mo-
re indicative of the actual visual differences. Opposing
each other colours were set on axis. Like all CIE models
this system is device independant and therefore is not rest-
rained by gamut. Lab values do not define absolute colors
unless the white point is also specified.

-a * L +b
L >,

Fig. 1. L*ab colour space

The CIELUV system also has three the same ortho-
gonal dimensions. CIELUV is extensively used for appli-
cations which deal with colored lights and different light
sources. CIELUV chromaticity diagram has elongated the
blue-red portion of the diagram and relocated white point
to decrease the visual disparity with the green portion.

Another approximately uniform colour space is Mun-
sell system [3]. A correlate of luminance Munsell Value is
considered as a vertical axis; Hue consists of five main
segments, denoted Red, Yellow, Green, Blue and Purple;
Chroma, a correlate of perceived chroma, is represented by
the distance of a sample from the vertical axis.


http://www.ktu.lt/en/kut/fakult/elektr/frames3_5.html�
http://colour-emotion.co.uk/harmony.html#munsell�
http://colour-emotion.co.uk/harmony.html#munsell�
http://colour-emotion.co.uk/funda.html#lightness�
http://colour-emotion.co.uk/funda.html#chroma�

Colour difference variation

First formulas calculated colour difference as the dis-
tance between two points in a three-dimensional colour
space:

AEy = [(AL*)Z + (Au*)z + (AV*)2]1/2 ,
AEg = [(AL")? + (AQ")* + (Ab")* 1%
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This primitive formula does not evaluate lots of su-
pplementary conditions. It was noticed, that results not
always correspond to visual perception, therefore it is not
usable for professional evaluation.

CIE improved and declared new colour difference
formula AE*,. It gives better correspondance between vi-
sual perception and calculated results. There are determi-
nated reference conditions for experimentation [4]:

e samples should be homogenous,

e magnitude of AE <5,

e minimum sample separation,

e sample size greater than 4° subtended visual ang-
le,
light source Dygs, illuminance — 1000 Ix,

e uniform, neutral grey L* = 50 background field
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where ki, Kc, ky — parametric factors that describe the ef-
fect of change from reference conditions. For reference
conditions all of them are equal to 1. In different condi-
tions factors must be recalculated. S;, S¢, Sy — weighting
functions, describing place of a colour in CIELAB colour
space. [5]:

SL=1; Sc=1+0,045C* S,=1+0015C* (4)

CIE 4Ey. The CIE AEy, formula stands as the last in
a long series of developments improving the CIELAB
formula. 1t was developed on the basis of experimental da-
ta accumulated through a number of different studies [3].
Yet this system is held as the most progressive and accura-
te, though mathematically complicated. Five spatial
wighting correction of luminance, hue, saturation, correc-
tion of hue and saturation difference for blue region and
factor, changing scale of an a* axis for calculating diffe-

rences ir grey region [6]
2 2 2 1/2
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However, AEq, is not perfect. The biggest imbalance is
when hue of colours differs about 180° i.e. when there is
big distance (colour difference) [6]. An ideal colour diffe-

rence formula should e based on physiological terms of
colour difference sensation [4].
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Research

Since all these systems are limited in evaluating co-
lour differences and does not give unambiguous solution,

they will be used for suggesting most credible recomenda-
tions.

Eight pure primal computer colours White (R255,
G255, B255), BlacK (RO, GO, B0), Red (R255, GO, B0),
Green (RO, G255, B0), Blue (RO, GO, B255), Cyan (RO,
G255, B255), Magenta (R255, GO, B255), Yellow (R255,
G255, BO) were chosen and all possible combinations ana-
lysed using different colour difference calculation formula
(Table 1). Relative values were taken so that results could
be compared and analysed equivalently. Analysis of relati-
ve colour differences values cleerly show, that results si-
gnally differ for every colour difference system.

Table 1. Research data

Absolute value Relative value
AE | AEa | AE g4 | AEg0 Am]IE AabE Agf AE2000
WK 100 100 100 100 0,36 | 0,39 | 0,67 0,90
WR 185 1145 | 11455 | 458 0,67 | 0,44 | 0,76 0,41
WG | 136,3 | 1204 | 1204 | 33,3 | 0,50 | 0,47 | 0,80 | 0,30
WB | 147,2 150 150 64,2 0,54 | 0,58 | 1,00 0,58
WC 72,6 50,9 50,9 25,5 0,26 | 0,20 | 0,34 0,23
WM | 143 | 1222 | 1222 | 422 | 052 | 047 | 0,81 | 0,38
WY | 107,1 | 96,9 | 969 305 | 039|037 |065| 027
KR | 186,8 | 117,3 | 117,3 50,4 0,68 | 0,45 | 0,78 0,45
KG | 161,7 | 1485 | 1485 | 879 | 059 | 0,57 | 0,99 | 0,79
KB | 1346 | 137,7 | 137,7 | 39,7 | 049 | 053 | 092 | 0,36
KC | 116,2 104 104 90,5 0,42 | 0,40 | 0,69 0,81
KM | 150,1 | 130,3 | 130,3 56,7 0,55 | 0,50 | 0,87 0,51
KY | 1446 | 137,2 | 137,2 | 101,2 | 0,53 | 0,53 | 091 | 0,91
RG | 2695 | 1706 | 71,1 86,6 | 098 | 0,66 | 0,47 | 0,78
RB | 250,4 | 176,3 | 65,8 52,9 091 | 0,68 | 0,44 0,47
RC 254 | 156,5 | 78,8 71 0,92 | 0,60 | 053 | 0,64
RM | 1725 | 1295 | 49,2 426 | 063 | 050 | 0,33 | 0,38
RY | 186,2 114 60,6 64,3 0,68 | 0,44 | 0,40 0,58
GB 255 258,7 | 103,2 83,2 0,93 | 1,00 | 0,69 0,75
GC | 123,3 | 1046 | 394 34,5 0,45 | 0,40 | 0,26 0,31
GM | 274,6 | 235,6 89 111,4 | 1,00 | 091 | 059 | 1,00
GY 91,3 66,3 25,6 23,4 0,33 | 0,26 | 0,17 0,21
BC 143 168,7 86 66,5 0,52 | 0,65 | 0,57 0,60
BM 100 58 32,7 324 1036 | 022|022 | 029
BY | 2464 | 2351 | 105 | 1034 | 0,90 | 0,91 | 0,70 | 0,93
CM | 183,2 | 156,6 | 73,3 58 0,67 | 0,61 | 0,49 0,52
cYy 145 112 51,3 42 053 | 043 | 034 | 0,38
MY | 2315 | 199,6 84 928 | 084 | 0,77 | 056 | 0,83
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AE,, gives Green and Blue combination the highest
value, AE ¢4 — White and Blue. These two are negotiable,
meanwhile AE , and 4E 0 puts Green and Magenta to
the first place. Empirical practise show that this combina-




tion assuredly is not best seen among all analysed samples.
This proves that concepts of visibility and colour differen-
ce can not be equalized.

It was ascertained in preceding investigation, that
KY, KG, KW, KC (0,92-1,00) and BW, BY, KM (0,67-
0,76) have the highest colour luminance contrast [7].

These combinations were also evaluated in different
colour difference systems and compared to rank of colour
luminance contrast in Table 2.

Table 2. Comparison of different systems results

A

A.
\/

Fig. 3. Opposite and neighbouring colours

COIOL:::)LUJ,T;LT”% AE AE a AE g4 AE 2000
Table.3 Relative colour difference values of opposite and nei-
KY 1 0,53 0,53 0,91 0,91 ghbouring opposite colours
Opposite colours
KG 0,94 0,59 0,57 0,99 0,79
AE AE g AE o AEz000
KW 0,93 0,36 0,39 0,67 09 oM 100 001 059 100
KC 0,92 0,42 0,40 0,69 0,79 BY 0,90 0,91 0,70 0,93
BW 0,76 0,54 0,58 1 0,58 RC 0,92 0,60 0,53 0,64
BY 0.76 0.9 0,91 0.7 0,93 Neighbouring opposite colours
RG 0,98 0,66 0,47 0,78
KM 0,67 0,67 0,55 0,50 0,87
RB 0,91 0,68 0,44 0,47
. . GM 1,00 0,91 0,59 1,00
Scales of ranks are different in every case and are not
close to scale based on colour luminance contrast. Though MY 0.84 0.77 056 083
AE g4and AEjq0 might be held as less doubtfull. CM 0,67 0,61 0,49 0,52
When there is no luminance difference between sam- oy 053 043 034 038
ple and reference colours, chromatic constituents become ; ; ; ;

deciding. In that case opposite colours are held to be the
most contrasting.
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Fig. 2. Cuts of constant luminance planes inCIELAB colour body

Few common cuts for L*= 30, 50, 75 were analysed
the same colours with respective luminance in every plane
(Fig. 2). Using Fig. 2, opposite colours may be ascertained.
In all planes C is opposite to R, and G, Y are opposite to
M, B.
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So when there is no luminance different colour wheel
can also be used for determining cominations of best visi-
bility. Additionally there neighbouring opposite colours
(Fig. 3) which are also held well seen for constant lumi-
nance cases. Such combinations are: RG,RB, GM, MY,
CM, CY. Colour wheel is analysed according to colour dif-
ference in Table 3. Only one GM combination among op-
posite colours has the highest relative colour difference va-
lue. Meanwhile other higest colour differences are among
neighouring opposite colours or does not get to this table at
all.

Conclusions

1. In any system AE does not essiantially show the real
colour difference because of very big colour difference.

2. When there is know luminance contrast it is advisab-
le to use opposite colours for best visibility combinations.

3. As criterions for choosing AE in multimedia it is ad-
visable to use colour coding, when different colour have
particular purpose chosen for coding (e.g., for expressing
positive or negatyve emotions, for very important or se-
condary information or coding particular values).

References

MemxkoB B.B., MarBeeB A.B. OCHOBBI CBCTOTCXHUKH. —
Mocksa: Dueproatomusaar, 1989. —432 crp.

Adobe technical guides [online: http://dba.med.sc.edu/price/
irf/Adobe_tg/models/main.html].


http://dba.med.sc.edu/price/�

3. Uniform colour spaces [online: http://colour—emotion.co.uk/ 6. The CIEDE2000 Color-Difference formula [ online:

funda.html#ucs]. http://www.ece.rochester.edu/~gsharma/ciede2000/ciede2000
4. Schanda J. Colorimetry: understanding the CIE system. Ho- noteCRNA . pdfftsearch=%22CIEDE2000%22].

boken: Wiley—Interscience, 2007. — 459 p. 7. Masiokas S., Kriuglaité M., Otas K. Colour Luminance
5. Pascale D. BabelColor. Help manual, Version 2.5 with Contrast of Digital Projection Image // Electronics and

Spectral tools. — Montreal: Quebec Publ. Comp, 2005. — 268 Electrical Engineering. — Kaunas: Technologija, 2007. — No.

p. 7(79). - P. 19-22.

Received 2010 02 15

S. Masiokas, M. Kriuglaité. Influence of Colour Difference over Visibility in Multimedia Projection // Electronics and Electrical
Engineering. — Kaunas: Technologija, 2010. — No. 7(103). — P. 67-70.

Colour luminance contrast between task and background is the most contributory visibility factor in digital projection image, its ef-
fect was earlier investigated. Influence of chromatic constituents over visibility is not so significant, but must be also evaluated. Chro-
matic contrast and colour difference become deciding when colour luminance contrast between task and background is low or equals to
zero. It’s topical in case of ambient light, which discolours image on screen. Fundamental colour difference formulas, their particularity
of use in uniform colour spaces are discussed in this paper. Primal computer colours combinations of best visibility for positive and ne-
gative image are ascertained. Ill. 3, bibl. 7, tabl. 3 (in English; abstracts in English, Russian and Lithuanian).

C. Macékac, M. Kpioraaiite. BiusiHue pasHOCTH HBETOB HA BHIAMMOCTb NPOEKIMH MYJIbTHMEAUH // DIIEKTPOHUKA H JIEKTPO-
TexHuka. — Kaynac: Texnosorusy, 2010. — Ne 7(103). — C. 67-70.

Kontpacr sipkocTy nBeTa GoIbIe Bcero BIMsSeT Ha BUIUMOCTS I(poBoii mpoekiwu. Ero BoznelicTBie OBLIO NCCIIETO0BAHO PaHBIIE.
BrimsHEe 1IBETOBBIX CllaraeMbIX He Tak 3HAYHTEIbHA, OJHAKO JOJDKHA OBITH HCcienoBaHa. 1[BeToBOH KOHTpACT M pa3HOCTH IIBETOB CTa-
HOBUTCS TJIaBHBIMH, KOTAa Pa3HOCTh SIPKOCTH MEXAy (OHOM M OOBEKTOM OYEHb Majla MM HE CYHIeCTBYeT. DTO aKTyalbHO IIpU
IIOCTOPOHHEM IBETE, KOTOPHII obeclBedrBaeT M300pakeHHe Ha dkpaHe. OCHOBHBIE (DOPMyYJIBI Pa3HOCTH ILBETOB, OCOOCHHOCTH X
NIPMEHEHHUSI, PABHOKOHTPACTHBIE LIBETOBBIC CUCTEMbI 00CYK/ICHBI B pabOTe. Y CTAHOBJICHBI JIYUIIHE COUCTAHHUS YUCTHIX KOMITBIOTEPHBIX
LBETOB JUIsl MO3UTHBHOTO W HEraTHBHOTO n3oOpaxkenus. M. 3, 6ubn. 7, tabn. 3 (Ha aHIMICKOM si3bIKe; pedeparsl Ha aHTIHHACKOM,
PYCCKOM H JTUTOBCKOM $3.).

S. Masiokas, M. Kriuglaité. Spalvy skirtumo jtaka daugiaterpés projekcijos matomumui // Elektronika ir elektrotechnika. —
Kaunas: Technologija, 2010. — Nr. 7(103). — P. 67-70.

Spalvy skaiséio kontrastas yra skaitmeninés projekcijos matomumui daugiausia itakos turintis veiksnys. Jo itaka buvo i$nagrinéta
anksciau. Spalviniy dedamuyjy itaka néra tokia svarbi, taciau i ja taip pat reikia atsizvelgti. Spalvos kontrastas ir spalvy skirtumas tampa
lemiami, kai fono ir objekto tarpusavio skais¢iy skirtumas yra labai mazas arba lygus nuliui. Tai aktualu, kai vaizda ekrane iSblukina
pasaliné $viesa. Atartos pagrindinés formulés spalvy skirtumui apskai¢iuoti, ju naudojimo ypatybés bei lygiakontrastés spalvy erdvés.
Nustatyti negatyvaus ir pozityvaus vaizdo geriausio matomumo gryny kompiuteriniy spalvy deriniai. Il. 3, bibl. 7, lent. 3 (angly kalba;
santraukos angly, rusy ir lietuviy k.).
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