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Abstract: Lighting has been used for a long time as a medium to convey brightness from darkness, and through incandescent
lamps and fluorescent lamps, LED light sources have now become the standard in the lighting industry. Recently, the lighting
equipment industry has been undergoing rapid digital transformation, starting with smart lighting, and is evolving into smart
lighting customized for individuals and spaces through the development of IoT technology, cloud-based services, and data
analysis. However, the blue light emitted from digital devices (computers, smartphones, tablets, etc.) or LED lights stimulates
the melanopsin in the optic ganglion cells in the retina of the eye, which in turn stimulates the secretion of melatonin through
the pineal gland, which regulates the secretion of melatonin. This can reduce sleep quality or disrupt biological rhythms. This
interaction between blue light and melatonin has such a significant impact on human sleep patterns and overall health that it is
essential to reduce exposure to blue light, especially in the evening. Human-centered lighting refers to lighting that takes into
account the effects of light on the physical and mental areas, such as human activity and awakening, improvement of sleep
quality, and health management. Many research institutes study the effects in the visible area and the non-visible area. By
studying the impact, it is expected to improve the quality of human life. In this study, we plan to study ways to implement human-
centered lighting by collecting sunrise and sunset data and linking commercialized LED packages and control devices with open-

source hardware.
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Table 1. Properties of LED package.

Model LM302D  LM302N Day LM302N Nite
VE(V) 6.0~6.4 5.8~6.2 5.8~6.2
2,700, 4,000, 2,700,
CCT (K)
6,500 6,500 4,000
Forward
orwar 200

current (mA)

Size (W*D*H)

3.0x3.0%x0.65 mm

CRI >80

Table 2. Relative intensity vs wavelength of LED package.

CCT

2,700 K
Mode

4,000 K 6,500 K

LM302D

L

LM302N Day>< L /\
LM302N Nite f' n! ; ’ju N}
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Fig. 1. (a) LED module schematic and (b) LED module PCB artwork.

Table 3. Configuration of LED module.

LED Chl (WW) Ch2 (CW)
Case Model CCT (K) Model CCT (K)
Case 1 LM302D 2,700 LM302D 6,500
LM302N LM302N
Case 2 . 2,700 6,500
Nite Day
LM302N
Case 3 . 2,700 LM302D 6,500
Nite
LM302N
Case 4 LM302D 2,700 6,500
Day
LM302N LM302N
Case 5 . 4,000 4,000
Nite Day
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Fig. 2. Example illustration of sunrise, sunset, and solar noon.

Table 4. Sunrise, sunset, day length, and solar noon time in Seoul
(2022).

Date Sunrise Sunset Day Solar

length noon
22.01.01 7:46:50 17:24:09 9:37:19 12:35:29
22.02.01 7:36:03 17:55:29 10:19:26 12:45:46
22.03.01 7:04:07 18:25:18 11:21:11 12:44:42
22.04.01 6:18:17 18:54:24 12:36:07 12:36:20
22.05.01 5:37:20 19:21:41 13:44:21 12:29:30
22.06.01 5:12:37 19:47:27 14:34:50 12:30:02
22.07.01 5:14:15 19:57:23 14:43:08 12:35:49
22.08.01 5:35:38 19:40:45 14:05:07 12:38:12
22.09.01 6:01:54 19:01:52 12:59:58 12:31:53
22.10.01 6:27:07 18:15:59 11:48:52 12:21:33
22.11.01 6:56:33 17:34:18 10:37:45 12:15:25
22.12.01 7:27:36 17:14:01 9:46:25 12:20:49
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https://api.sunrise-sunset.org/json?lat=37.62021795330352&
Ing=127.0575745725756&tzid=Asia/Seoul

{
"results": {
"sunrise": "BI08 43 AM",
"sunzet": "7:07:38 PM",
"solar_noon™: "12:33:11 PM",
“day_lenath": "14:48:55",
“civil_twilight_begin": "4:33:02 AM",
"civil_twilight_end": "8:27:20 PM",
"nautical_twilight_begin"' "3:59:55 AM",
"mautical_twilight_end": "3:06:26 PM",
"astronomical _twilight_begin™: "3:15:38 AM",
"astronomical _twilight_end": "3:50:43 PM"
T
"status": "OK",
"tzid": "Azia/Seoul"
t

Fig. 3. Result value from GET request.
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Fig. 4. Control scenario according to sunrise and sunset times.

Table 5. PWM (%) at sunrise and sunset time.

Scene WW PWM (%) CW PWM (%)
(@ Sunrise 0 100
@ 12 AM 25 75
®) Solar_noon 50 50
@ 12PM 75 25
® Sunset 100 0
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Fig. 5. Temporary darkroom.

Measurement wavelength
range: 360~780 nm
Wavelength precision :
+0.3 nm

Fig. 6. Equipment used for analysis.

Fig. 7. DC24 V LED convertor & Zigbee controller.
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block diagram for implementing human-centric

Fig. 9. Photograph of testing.
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Fig. 10. (a) Serial monitor output result of Arduino sketch and (b)
serial monitor output result of Arduino sketch.

Table 6. Changes in peak wavelength by scene and case.

Scene Peak wavelength (nm)

Case Sunrise  1/2 AM igﬁ: 1/2PM  Sunset
Case 1 451 451 451 604 607
Case 2 478 477 477 628 633
Case 3 451 451 451 451 634
Case 4 476 476 602 605 608
Case 5 597 598 604 454 454
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Table 7. Spectral irradiance of peak wavelength.

Scene Spectral irradiance (W/m?/nm)
. Solar
C Sunrise  1/2AM 1/2PM Sunset
ase
Case 1 0.0256  0.0210  0.0162  0.0137  0.0150
Case 2 0.0207  0.0159  0.0110  0.0108  0.0120
Case 3 0.0264 0.0217 0.0168 0.0118 0.0121
Case 4 0.0212 0.0166 0.0130 0.0145 0.0160
Case 5 0.0129  0.0121 0.0111 0.0118  0.0130
Table 8. Increase/decrease rate compared to case 1.
Scene Increase/decrease rate (%)
Sol
Suntise  1/2AM 0" 12PM  Sunset
Case noon
Case 1 - - - - -
Case 2 -19.1 -24.3 -32.1 -21.2 -20.0
Case 3 +3.1 +3.3 +3.7 -13.9 -19.3
Case 4 -17.2 -21.0 -19.8 +5.8 +6.7
Case 5 -49.6 -42.4 -31.5 -13.9 -13.3
7} case® 2 360 nmof|A] 780 nm7HA] BEFHIAI R B2
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Fig. 11. Wavelength change of case 1.
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Fig. 14. Wavelength change of case 4.
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Fig. 12. Wavelength change of case 2.
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Fig. 13. Wavelength change of case 3.
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