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Abstract : Multiple 15-hue tests were designed and implemented on a PC in the study so as to quickly and quantitatively
evaluate color vision acuity. Difficulty of the test was controlled by the value of CDBACC (color difference between adjacent
color chips) calculated using a CIELAB formula. The multiple 15-hue tests consist of eight of the hue tests (test 3-10) and
three of the basic color (red, green, blue) tests (test 11-13). The 15 colors used for the hue tests were specified by the 15
color coordinates that were located at a constant distance (d = 2, 3. 5, 7, 10, 20, 30, 40) from white reference in the CIE
chromaticity coordinate system and were separated by a constant color difference (CDBACC = 0.75, 1.1, 1.8, 2.5, 3.5, 7.5,
11, 14) from the adjacent chips. The color coordinates for the 15 chips for the basic color tests were the same as those of the
15 points spaced equally by a constant color difference (6.87 for the green color test, 7.27 for the red color test, 7.86 for the
blue color test) from the white reference along the axis of red, green and blue. Thirty normal subjects who were not color
blind were taken to undergo the multiple 15-hue tests. It was observed that most of the subjects correctly arranged color
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chips for the tests with CDBACC greater than 5, whereas no one correctly answered for those with CDBACC less than 2.
Rapid changes in the number of the subjects correctly arranged took place when CDBACC of the tests was between 2 and 4.5.
In the basic color tests, unlike the hue tests having similar values of CDBACC, it was seen that the subjects arranged color
chips even less correctly. It was found that JNCD (just noticeable color difference) - a measure of color vision acuity was
about 3 in average for the subjects. The JNCD was chosen as the value of the CDBACC of the test for which about 50 % of
the subjects failed to successfully arrange color chips. ERCCA (error rate of color chips arrangement) for the test with
CDBACC the same as the JNCD was shown to be about 20 %. It is expected that the multi 15-hue tests implemented on a
PC in the study will be an economical tool to quickly and gquantitatively evaluate color vision acuity and, accordingly, the tests
can be used for early diagnosis to massive potential patients suffering from diseases (ex. diabetes, glaucoma) which may

induce changes in color vision acuity.

Key words : Multi 15-hue tests, Color vision acuity, Color chips arrangement, Just noticeable color difference, Color difference,
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E 1. 2 AFo|M CiXtelst ofs 15-Mab vl ZAbye| ol afmzie| Mat & U white reference2FE 2| dol 2. COBACC: 15-44
v ZApHe| ol KBt ME7Zol MM RI0|. MTCDSE 2 ¢lof g uf tHAE MHE w2} ME7ie] MM Xjol& 3t £&

Table 1. Values of the color difference between adjacent color chips(CDBACC) and the distance from white reference
(d) of the multi 15-hue tests designed in the study. MTCDS stands for the total color difference scores for a test when

all color chips are correctly arranged.

Test number CDBACC MTCDS d Note

1 (12) 165.78 (33) Dr Han's 15-hue test A

2 (6) 32.32 (17) Dr Han's 15-hue test A

3 14 196.41 40 A

4 11 154.38 30

5 75 105.27 20 get ¢asier

6 35 | 49.14 10 ,

7 25 35.09 B 7 i

8 18 25.26 5 get mor¢ difficult

9 11 154 3 |

10 0.75 105 2

11 127 101.82 - red color test

12 6.87 96.13 - green color test

13 7.86 110.10 - bule color test

i 8 E =V (aL)+(aa)+(50" (n)

E. 2. ITU-TollM FHst Mol RGB ol 2ZH =Y 3|
CIEM =7 Zh(x, v, z)Tfe| THA|
Table 2. Values of RGB of a coior to those of the CIE o714

chromaticity coordinate(x, vy, z) recommended by ITU-
T (International Telecommunication Union-Telecommu-

nication Standardization Sector)

R G B White
X 0.640 0.300 0.150 0.3127
Vv 0.330 0.600 0.060 0.3290
z 0.030 0.100 0.790 0.3582
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Fig. 1. An initial screen of the color test program BAR
AM(version 1.0) for the multi 15-hue test -in the case of
the test 3
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Fig. 2. Color chips arrangement diagrams (CCAD) of the
multi 15-hue tests. T3, T4, ... represent the test 3, 4, ...
and, (A) and (B) are Dr Han's double 15-hue test A and
B. T11(R), T12(G) and T13(B) are the RGB color tests.
The number 1, 2, ..., 15 labeled along the CCAD of T3
indicate the color coordinate of the n-th chip of the 15
color chips employed for the test 3. For the RGB color
test, the color coordinates of up to the 8th color chip
were displayed in the figure.
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Fig. 3. Typical color chips arrangement diagrams (CCAD) obtained after the muiti 15-hue tests - for case of the test 6.
(a) when all color chips were correctly arranged (ERCCA=0%), (b) when one color chip was incorrectly arranged
(ERCCA=14%). (c) when two color chips were incorrectly arranged (ERCCA=28%), (d) when many color chips were
incorrectly arranged (ERCCA=104%)
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Fig. 4. Relationship between CDBACC (color difference
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