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Seeing your own CSF Spatial Frequency —
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& 3t (complementary colours)® & &

IEC 60050-845-03-09
complementary colour stimuli:

Two colour stimuli are complementary when it is possible to reproduce
the tristimulus values of a specified achromatic stimulus by a suitable

additive mixture of these two stimuli.
In the CIE 1931 xy chromaticity diagram two complementary colour stimuli lay on the
opposite sides of achromatic stimulus and three stimuli pass through the same straight

line as in Figure 1. lkedale)2005: lluminant DES
X, = X, +X,

Y, = Y, +7%, (1)

R/ /5

where achromatic stimuli
isW=(X,,Y,,Z,) ,and P=(X,.Y,,Z,)
and 09=(x,,v,,z,) are a pair of
complementary colours.

0.8

Figure1. Complementary colours in the CIE 1931
xy chromaticity diagram
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CIELABEZRIZHITAHEB XD ESE

With additive colour mixture equation and (2), the corresponding values
w(L,,a,,b,)become L, =100, a, =0, b, =0, we marked two colors i =1,2 ,
A pair of complementary colours in the CIELAB Space become (3):

Additive Gedl5, ¢ T+(L*2+16+ a T 1
L* _1 16Y' _16 e *116 3500* 1316 500
a* _ SOO(X' _Y') 2) equation L1+16] +[L2+16] _q (3)
b = zoo(y' —Z') i ~| 116 3116 3
L*1+16_ bﬂ] +[L*2+16_b*2) _
116 200 116 200

The condition of being complementary coloursis L, = L, =76.0693 and
with the luminance value, it is Y=350.
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Colour contrast between two colors

Colour contrast (C) between two colour vectors P and Q is
defined as in expression (4).

(4)

\QMH

changing (4) to CIELAB colour space and used it for a palr of
complementary colours; one colour vector is P(L},a,b))and its
complementary colour vector is O(L;,a,,b,):

Wil —af b s .

2 %2 2 x2 %2 %2
\/Ll +a +bh +\/L2 +a, +b
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Calibration of colour display system
— Measured results —

By using colour luminance meter (TOPCON BM-5) at ambient temperature
24° C, tristimulus values xyY are measured. They were converted to
CIELAB as follows.

100
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20 /_g 85 |
15+ ~ °
3 g 80
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~ o % 75 L
o) 5+ S °
N o g
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© 0 © & 70r¢
o © g
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o
-10t
E 60 |
-15+ *
55
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% ] 50 | | | |
b" (realized) -20 -10 0 10 20

a* (design parameter)

Figure2. Complementary colours (design) in a*b* chromatic plane

2011-03-04 MHE:AZ—aAVSRAMNEE, FPDOARBIZED VR L2011 18



Characteristics of colour display system

For calibration of the colour display system, colour patches were measured.
Measurement data range of a* is (0.2:0.5:14.7).
| I ‘ P

Realized and measured contrast sensitivity

10° : i A T R

a*in designing contrast

As a result of regression of the figure above, the colour display system used
in this studv was modelled as follows in terms of contrast sensitivity:

C.(a")=exp(0.044256log*a” —1.206722loga” +4.394185) (6)
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Cosine wave charts used in the test

Cosine wave patterns of red and its complementary colour of several
different spatial frequencies and contrast are made to perform the experi-
ment. They were in uncompressed

Each pattern was

Fike Toal 7

Mazcaga

Emtar YES, MO or Unknown 8589

Quit

Cancel

= Back/| (LM LMNZ] ?

2011-03-04

presented to 37 subjects.

Three options were selected at the specified
viewing distance for each of the patterns.
The options are:

(1) Wave can be recognized (1&LY)

(2) Wave cannot be recognized (LMYR)

(3) Neither of the above. (?)
Example
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Response of a typical subject
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Spatial frequency (cycle/degree)
Conversion from the wave numbers in the pattern to spatial frequency f (cpd)
was formulated as (7).

B T Where in the (7):
/= D (7) D=28.5 cm;
Sl e L=500 cm;
n=[12456 812 16 26 32 35 46 54 59 64].

The result analysis:

Type 1(O): Red circle is the first contrast of the option (1) or the option (3).

Type 2([] ): Mean values of reciprocal contrasts are considered as critical
corresponding to the options (1) and (2).
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Outliers (o > 2.0) removed

Critical contreast estinamation type (1)
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Colour Contrast Sensitivity Function (CCSF)-Type (1)
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This type 1 method would be considered as ‘wave can be recognized’ strictly.



Outliers (o > 2.0) removed

Critical contreast estinamation type (2)
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Colour Contrast Sensitivity Function (CCSF)-Type (2)
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2 This type 2 method described above is thought to be nearer to the truth.



Mean contrast sensitivity

Comparison between LCSF and CCSF
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* Gegentana and Hiroaki IKEDA:
Colour Contrast Sensitivity Function
between a Pair of Complementary Colours
Red and Cyan,
Proceedings of the Media Computing
Conference, The Institute of Image
Electronics Engineers of Japan (2008-06)
IRCX T HEEBEDHNST—AV S ANERES
HIZDWT, HEIBMEBEREFFEERKE
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