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Abstract.

BACKGROUND: The evaluation and control of lighting is crucial in physiological, biomedical, and industrial fields. Many
kinds of lighting techniques based on LED have been developed due to its advantages.

OBJECTIVE: The aim of this study is to develop the multi-colored LED system for healing purposes.

METHODS: Light source with three-color chip LEDs was investigated to detect the dominant wavelength.

RESULTS: The results show that the additive principle by three-color LEDs can be successfully applied to lighting system by
generating a variety of colors.

CONCLUSIONS: The results are expected to be useful in the field of light therapy and medicine. Applications of the developed
light system are lighting therapies such as stimulating blood circulation and digestive processes, and controlling inflammation.

Keywords: Additive principals, light emitting diode, color combination, color information, color space

1. Introduction

Lighting, which can affect the psychology of patients and their biological signals, such as EEG
(electroencephalogram) and ECG (electrocardiogram), has many applications in the field of basic
medicine [1J2]. Since the physical and psychological responses of humans can be changed based upon
the different colors of lighting, the use of a multi-colored lighting system is necessary to perform light
therapies [3H5]].

LED (light emitting diode) irradiation is harmless to patients with high efficiency and healing ef-
fect [6H8]]. Thus we developed the multi-colored LED system for therapeutic application. By the addi-
tive principle technique with three colors (red, green, and blue), different lighting colors can be used
for healing purposes. For example, five kinds of healing lights have different characteristics as follows;
the red light stimulates blood circulation, yellow light subserves digestion, orange light soothes muscle
convulsions, green light controls inflammation, and blue light has sterilizing effect [9H12]]. In addition,
light wavelength or color plays a role in plant growth and the effects depend on the plant species. For
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Fig. 1. The human eye as the source of photopic response and CIE RGB color matching functions.

instance, blue light is an effective light source by increasing plant growth rate for some crops includ-
ing lettuce, spinach, and radish. Red light plays key roles on photosynthesis apparatus development and
starch accumulation in some plants. Furthermore, chloroplast development, chlorophyll formation and
stomata opening have relevance to blue light [13]]. Recently, the need of high-efficiency lighting system
using LED light sources have been increased in the fields such as medicine and industry. Conventional
LEDs are made from a variety of inorganic semiconductor materials. For example, the semiconductor
material of red LED, green LED, and blue LED are AlGaAs, AlGalnP, InGaN, respectively. Even though
filter can be used for various color generation, they are expensive and even not available commercially
for special colors. Lighting is close to ordinary life, but how to evaluate the lighting is insufficient. The
most widely used evaluation technique is a spectrometer. However it is expensive, and large, and requires
specialist to analyze data. The aim of this study is to characterize the color information of LED and then
to evaluate the color coordinates and wavelength in CIE diagram. For the sake of this study, we used
light source with three-color chip LEDs such as red, green and blue. By using the CIE (Commission
Internationale de I’Eclairage, the initials of it French name) diagram in particular, the purity value and
dominant wavelength can be detected. Dominant wavelength is the hue of the color. Excitation purity is
corresponding to the saturation of the color. The method to distinguish color suggested in this study is
very economical, simple, and convenient. The chromatic coordinate can be used to find out the wave-
length and purity of lighting colors. In addition, multiple lighting colors were made with the developed
variable color lighting system. The result can be used to confirm accurate information of color and to
create various lighting colors for color therapy.

2. Materials and methods
2.1. CIE diagram

Figure 1 shows the human eye as the source of photopic response and CIE RGB color matching
functions. Humans possess two parallel vision systems one for use in very low light level, and the
other for normal daytime light level. These vision systems are driven by different receptor cells in the
retina. It has been determined that the eye observes each tiny element of the image on the retina with
three kinds of “cones”, which are “photo-detectors”. Each cone has a different spectral response at each
wavelength over the visible range. These receptors are found in three varieties that exhibit somewhat
reddish, greenish, and bluish sensitivities.
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Fig. 2. CIE diagram color space chromaticity diagram.
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Fig. 3. Additive Principal of light.

Figure 2 shows the CIE diagram in this study. An important color space, defined by the International
Commission on [llumination is the CIE XYZ color space. To convert RGB values into CIE color space,
we obtained RGB values with an array type of the color sensor using LabVIEW program and put these
into the mathematical formula to obtain coordinate values of color in CIE color space. Then the distance
from coordinate value to spectrum line could ultimately detect wavelength and purity value of color.
Purity of the coordinate situated at spectrum line (point B) in color space is 100%. As the point A is
closed to point E (white), the purity value is decreased. For example, purity value can be calculated as
EA/EB [14/15]. Conversion of RGB to XYZ takes the form of simple matrix transformation Eq. (1).
Chromaticity coordinates x and y are obtained from the values X, Y, and Z (see Eq. (2)).

X =0412x R+ 0.358 * G+ 0.180 * B
Y =0213xR+0.715xG+0.072% B (1)
Z =0.019+« R+ 0.119% G+ 0.950 « B

z=X/(X+Y +2)

y=Y/(X+Y +2) @
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Fig. 4. The sensor used in the experiments.
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2.2. Additive principal and color sensor

Figure 3 shows the additive color mixture used in this study. The wavelength ranges of red chip LED
(IWS-165-RXWF, ITSWELL, Korea), green chip LED (IWS-165-GXWEF, ITSWELL, Korea), and blue
chip LED (IWS-165-BXWEF, ITSWELL, Korea) are 618-635 nm, 520-535 nm, 460—475 nm, respec-
tively. Additive principal is the additive mixing of light color with three primary colors: red, green, and
blue. In the absence of light color, the result is black, while all three primary colors are mixed, the result
is white. When red and green are combined, the result is yellow.

Figure 4 shows the structure of the color sensor (TCS3414, AMS-TAOS, USA) used in the experiment.
The color sensor is a high performance, small in size, and cost effective. The red, green, blue color
filters were coated over the array type photodiode. The photodiode converts the light into photocurrents.
The output of photocurrents increases linearly with increasing light intensity. The light from additive
mixture is received by the photodiode array coated with RGB filters. The output is expressed by digital
value with a computer program. The RGB digital values of darkest black and bright white are 0 and 255,
respectively.

Figure 5 shows the schematic diagram of the experimental procedures. The mixture of red, green, and
blue LEDs produce light, and the color intensity is detected by the color sensor (TCS 3414). Using chro-
maticity coordinates (see Eq. (2) x and y), the wavelength and purity can be obtained using LabVIEW
program.

3. Results and discussion
The results of three tones (e.g. Red 1, Red 2, and Red 3) per each color are represented (Table 1).

Experimental results showed that the proposed technique could detect and evaluate RGB signals. The
intensity of each LED (red, green, and blue) can be controlled by potentiometers. The detected RGB
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Table 1
The wavelength and purity changes by RGB values
CIE diagram Hue Red value Green value Blue value Wavelength (nm) Purity (%)
o CIE diagram Red 1 140 16 5 609 87.83
Red 2 255 28 9 610 89.40
Red 3 255 15 18 612 88.13
Orange 1 212 108 30 591 79.25
Orange 2 255 140 40 589 78.65
Orange 3 255 165 48 584 76.49
Yellow 1 255 214 63 576 17.08
Yellow 2 255 254 76 570 68.06
EEEITETY T Yellow 3 255 227 196 575 14.35
. CIE diagram Green 1 124 252 75 552 59.91
' Green 2 17 253 76 544 57.56
Green 3 9 129 37 544 56.17
Blue 1 28 145 255 476 64.93
Blue 2 8 54 205 468 85.28
Blue 3 5 36 139 468 84.07
Purple 1 140 73 226 437 60.89
0 Purple 2 154 67 204 - 58.16
PEEEATTTY puple3 199 54 133 - 53.47

data from the color sensor and the calculated wavelength with CIE diagram were similar to those of
theoretical values invisible radiation range. The consequence is that the experimental results are corre-
lated well with theoretical values (red band at near 600 nm, green band at near 500 nm, and blue band
at near 400 nm). Subsequently, various colors can be generated using the red, green, and blue LEDs.
In general, some color such as yellow-green and pink cannot be produced with single LED, however
the proposed LED system could produce those rare colors with the additive principle. Furthermore, the
produced colors can be confirmed from our system by calculating wavelength and purity using CIE
diagram. Experiments had been carried out with LED system to generate many colors. The developed
method could be effective and feasible for generating and evaluating colors.

Figure 6 shows the example of the calculated LabVIEW display of wavelength and purity. Using the
obtained red, green, blue values by additive color system, chromaticity coordinates can be calculated
with Egs (1) and (2). The light signal from additive mixture is received by the photodiode array coated
with RGB filters. The photodiode converts the light signal into electric current. The output is expressed
by digital value with a computer program. The RGB digital values of darkest black and bright white are
0 and 255, respectively. Then, the wavelength and purity can be calculated and displayed in real time
using chromaticity coordinates and LabVIEW program.

Figure 7 shows the example of LabVIEW output values of different red colors. The suggested tech-
nique can be used to determine the color precisely by calculating the wavelength and purity of a certain
color. For example, similar red colors such as crimson, firebrick, indian red, light coral, and tomato can
be distinguished by wavelength and purity.

The conventional single LED can be classified in seven colors (red, orange, yellow, green, blue, purple,
and white). Several studies have been reported using single LED or light source with limited applica-
tions [1416]. However, colors such as yellow-green and pink cannot be produced with single LED.
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Fig. 6. Example of LabVIEW display.

The similar red colors such as crimson, firebrick, indian red, light coral, and tomato have the different
characteristics in chroma and brightness. Thus, multi-colored light source is required for various appli-
cations in light therapies. The developed multi-colored LED system can generate more than 70 colors
and overcome the weakness of the conventional single LED which emits only one color.

Many studies have been reported in measuring the information of the light source [17H19]. Most of
them were to identify the color temperature, luminance, and color rendering index using a spectrome-
ter. They calculated the half width of spectrum and detected the center wavelength through complicated
multiple steps. Even though the methods to obtain chromaticity coordinates have been studied, those
methods could estimate only a color temperature or color coordinates. In this study, we measured RGB
values with the color sensor and obtained the detailed information of lighting color such as the wave-
length and purity without a spectrometer. The detailed color information can be used to produce various
colors for light therapies with the developed multi-color system.

4. Conclusion

In this study, we measured RGB values with color sensor. To obtain the detailed color information, the
wavelength and purity were calculated by the proposed method. Various colors were made by additive
color mixture with the multi-colored LED system. Thus, our system can overcome the conventional
single LED which emits only one color. Using CIE diagram, the wavelength and purity values can be
obtained in real time with LabVIEW. By analyzing the detailed color information, various lighting colors
can be generated for many therapeutic purposes. The suggested lighting system is expected to be used
in the field of light therapy.
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