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Basis Examination of Variable Color Filter Using Subtractive Color Mixing and
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This paper describes a variable color filter using gradational color filters. I apply the principle of
subtractive color mixing using cyan color, magenta color and yellow color to the variable color filter. The
variable color filter is made up of a cyan colored filter, a magenta colored filter and a yellow colored filter.
The one colored filter is made up of two gradational filters. The two gradational filters are overlapped.
The overlapped portion is even color. The overlapped portion is the variable color filter by varying
overlapped portion of the gradational filters. I made the cyan colored gradational filters, the magenta
colored gradational filters and the yellow colored gradational filters. I made up the variable color filter
using the gradational filters. I measured spectral transmission to evaluate the performance of the
developed variable color filter. I showed color shading of the developed variable color filter. I showed
calculated spectral transmission by sixth-order polynomial approximation of measured spectral
transmission in case of the one colored filters. The results have shown the usefulness in the developed
variable color filter for varying the spectral transmission.

Key words: variable color filter, gradational color filter, transmission filter, subtractive color mixing,
spectral transmission
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Cyan colored gradational filter at left side

Magenta colored gradational filter at left side

Yellow colored gradational filter at left side

Cyan colored gradational filter at right side

Magenta colored gradational filter at right side

Yellow colored gradational filter at right side
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Moving gradational filters at left side and gradational filters at right side
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Variable color filter is overlapped portion of gradational filters at left side and gradational filters at right side

Fig. 1 Mechanism of variable color filter.
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D Cyan colored gradational filter
D Magenta colored gradational filter
D Yellow colored gradational filter

D Overlapped portion
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Fig. 2 Coordinate system of variable color filter.
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Table 1 Parameters of variable color filter.

p l w h Yocr Yocl Zocr Zomr Zoyr Zocl Zoml Zoyl
[mm] [mm] [mm] Yomr Yoml [mm]  [mm] [mm]  [mm]  [mm] [mm]
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[mm] [mm]
10 276.5 21 0.1 0 21 0 0.2 0.4 0.1 0.3 0.5
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Fig. 3 Created cyan colored gradational filter.
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Fig. 4 Image of experiment environment.
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Fig. 5 Measured spectral transmission of light source used
experiment.
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Fig. 6 Measured spectral transmission of variable color filter
in case that cyan colored gradational filter is overlapped.
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Fig. 7 Measured spectral transmission of variable color filter
in case that magenta colored gradational filter is overlapped.
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Fig. 8 Measured spectral transmission of variable color filter
in case that yellow colored gradational filter is overlapped.
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Fig. 9 Measured spectral transmission of variable color filter
in case that cyan colored gradational filter and magenta

colored gradational filter are overlapped.

1
0.9

400 450 500 550 600 650 700
A[nm]

——tm(0, 1, 10, A)
—=—1tm{0, 2, 9, A
——1tm(0, 3, 8, A
—<—tm(0, 4,7, A
—+—1tm(0, 5, 6, A

)
)
)
)
—s—tm(0, 6, 5,A)
——tm{0, 7,4, )
——tm{0, 8, 3,A)

—tm(0, 9, 2,A)

——1tm(0, 10, 1, A)

Fig. 10 Measured spectral transmission of variable color
filter in case that magenta colored gradational filter and yellow
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Fig. 11 Measured spectral transmission of variable color
filter in case that cyan colored gradational filter and yellow
colored gradational filter are overlapped.
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Fig. 12 Measured spectral transmission of variable color
filter in case that cyan colored gradational filter, magenta
colored gradational filter and yellow colored gradational filter
are overlapped.
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Fig. 13 Image of variable color filter in case that cyan colored gradational filter, magenta colored grada-
tional filter and yellow colored gradational filter are overlapped.
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Fig. 14 Measured spectral transmission and calculated spec-
tral transmission in case that one colored gradational filter is
overlapped.
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Fig. 15 Measured spectral transmission and calculated spec-
tral transmission in case that cyan colored gradational filter
and magenta colored gradational filter are overlapped.
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Fig. 16 Measured spectral transmission and calculated spec-
tral transmission in case that magenta colored gradational
filter and yellow colored gradational filter are overlapped.
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Fig. 17 Measured spectral transmission and calculated spec-
tral transmission in case that cyan colored gradational filter
and yellow colored gradational filter are overlapped.
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Fig. 18 Measured spectral transmission and calculated spec-
tral transmission in case that cyan colored gradational filter,
magenta colored gradational filter and yellow colored grada-

tional filter are overlapped.

Table 2 Coefficients of polynomial approximation in case that cyan colored gradational filter is overlapped.
e Co (1) ces(ne) Ces (1) ces (ne) Ceo (1) cer (n) Ceo (1)
—1.6673456 5.1598676 —6.5565921 4.3766122 —1.6179972 —2.4910234
1 10~ x10-11 x10-8 %1075 x10-2 3.1401426 X102
—5.7997307 1.7902976 —2.2716418 1.5166496 —5.6211955 1.0971883 —8.8099082
> X101 1010 X107 104 102 x10 X 102
—5.5012343 1.6705081 —2.0788403 1.3563494 —4.8920714 9.2463110 —7.1457428
6 X101 X101 X107 X104 X101 X10 X10°
0 5.9720311 —3.6200449 7.1940529 —6.7929943 3.3556951 8991302 8.4004113
1 X105 X101 X108 X105 X102 : > X102
Table 3 Coefficients of polynomial approximation in case that magenta colored gradational filter is overlapped.
N Cmé (nm) Cm5 (nm) Cma (nm) Cm3 (nm) Cm2 (nm) Cm1 (nm) Cmo (nm)
2.4862291 —8.0748656 1.0807587 —7.6274552 2.9931795 B 5.285517
1 10714 X101 X107 1075 X102 6.1924330 X 107
1.3548756 —4.4084048 5.9140737 —4.1861803 1.6488185 —3.4268383 2.9377971
o X101 X101 X107 X104 X101 X10 X10°
1.5109372 —4.9070732 6.5691970 —4.6388679 1.8222945 —3.7764194 3.2272944
6 X101 X101 X107 X104 X101 X 10 x10°
1.4963364 —4.8496897 6.4704729 —4.5473666 1.7753310 B 3.0932533
10 x10-12 x10-10 X107 x10-* X101 36515016 X 10°
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Table 4 Coefficients of polynomial approximation in case that yellow colored gradational filter is overlapped.

ny cy6 (”y) cyS (”y) cy4 (”y) cy3 (”y) cyZ (”y) cyl (ny) cyO (ny)
1 —7.4819363 2.2907564 —2.8517033 1.8383339 —6.4274615 11441190 —7.8969180
X101 X101 X108 X107° X103 ’ X 10
—5.5005667 1.7603103 —2.3165664 1.6029768 —6.1451485 1.2365906 —1.01961432
> X104 1010 X107 104 %102 %10 X 107
—7.9437314 2.5655390 —3.4124049 2.3908852 —9.3009261 1.9041247 —1.6023455
6 X101 X101 X107 X107¢ X102 X 10 X10°
0 —1.6081722 5.2669498 —7.1153155 5.0724656 —2.0117612 42078518 —3.6263591
1 X101 1010 X107 X104 %101 20785 X 10°
Table 5 Standard error values between measured spectral trans-
mission and calculated spectral transmission by polynomial FSF—Tav 724y —2HVT, INsEZELEDYS
approximation. _
ZETHED T =7 4 IVF =% L7, B L 7204 h
e i Ny & (1, M, 1y) . N
10 0 5.750 X 103 7—74'11/57—%:)13“‘( ?/7/@ 7“‘2/7@3’0;0‘/{
10 0 6.675x10"? Tu—EZNZFNEREDLELGEAIIOVWT, BERAD
0 10 8.241x 1073 ﬁ%mﬁmfkui5%®ﬂmﬁhk%%EL¢%ﬁL
1 10 5.557x107° 7. ¥, EhAEOEHICBIT2O0BEZOENE, HiER
> 6 2.894X107° EGTRLE, 7 v, v8vyaskof n—f
-3
10 1 466910 : IZDLT, ZRZRME S NPEEBED & KilHA %
1 10 6.727X10~ _
- ; o 10 B LT, #ERAE BTGS2 LTS T — 7 1
. N 72 B2 - HI - e IE2S
10 1 6.079% 10— VY — D EEMHERFIE L 72, JE SN oeEEEE
10 0 1 5.053 X 103 %IEJQ {j L7 +ﬁg 2/1/71:_ i[[,I ﬁ""i’ﬁﬁblf, EJ‘B?AAL\
6 0 5 6.010 X102 ﬁ5—74w7—®%%é B HER S 8.241X107° D
1 0 10 6.913%1073 HiPHCRIMATE 72,
1 1 1 1.591 X102
5 5 5 3.982x1073 X LS
10 10 10 3.665x1073 1) FEfREEA B 2007-292828.
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