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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
VI (V) 6.0~6.4 5.8~6.2 5.8~6.2
CCT (K 2,700, 4,000, 2,700,
) 6,500 6,500 4,000
F
orward 200
current (mA)
Size (W*D*H) 3.0x3.0x0.65 mm
CRI >80

Table 2. Relative intensity vs wavelength of LED package.

CCT
Model

LM302N Day>< Lv\h/\ B Jm'\_\
LM302N Nite n, |" ; ’ Jnk }’{\/\\

2,700 K 4,000 K 6,500 K
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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 lel:?::t]h :z::
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" ":08043 AM",
"sunset": "T7:57:38 PM",
"solar_noon": "12:33:11 PM",
"day_length": "14:48:55",
"civil_twilight_begin": "4:39:02 AM",
"civil_twilight_end": "8:27:20 FM",
"nautical_twilight_beain": "3:59:05 AM",
"nautical_twilight_end": "3:06:268 FM",

"astronomical _twilight_beain": "3:15:38 AM",
“aztronomical _twilight_end": "3:50:43 PH"
"étatus”! "0k,
"tzid" "Asia/Seoul"

r
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
@ 112 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.
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Fig. 8. System block diagram for implementing human-centric
lighting.

Fig. 9. Photograph of testing.
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IF address:

192.168.198. 148

connecting to apl.sunrise-sunset.ors

Requesting URL: /ison?lat=37. 62021 7953303524 na=127, 05VE7457257566t 2 | d=Asia/Seoul
Fequest sent

Sunrise : 5:09:07 AM

Sunset @ 7:58:07 PM

Solar Noon © 12:33:37 PR

)

e

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 iz:)arf 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)

Case Sunise  12AM O™ 1pM Sunset
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 (%)
X Solar

Case Sunrise  1/2 AM 1/2PM  Sunset
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
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Fig. 11. Wavelength change of case 1.
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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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Fig. 14. Wavelength change of case 4.
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Fig. 15. Wavelength change of case 5.

(&) Sunset
2700K

(3 Solar noon
4000K

@ 1/2 AM
3300K

1 Sunrise
6500K

@ 1/2 AM
5200K

Fig. 16. Subject color change according to scene change.

B O 129 fAFsH, 540~780 nmZ7kA] o] T2 AU
Z2P& LED7F AMEH 21 113F fAREE 215 &4 Qloh

Case 1~4= & M 2= Aloj& A 02 WWO
2,700 K, CWo]| 6,500 K= A}83}9IC} Case b= =I5t
A 2 oAl A mo] M2 th2A] FLAdsto] Hatst
= B golE & #&35H% o WWoll= 302N Nite 4,000
K2 AFg513, CWoll&= 302N Day 4,000 K2 AR5t &
wio] =g dlolEfoju] 18] 158} 2t

420~540 nmo] A mHtut 540~780 nmo] W&k} 717
o Z0 8 o]Ro]X| 1L Qlon] ZF7ro] Jp7to]] Tgo A 4

O 2 9elshe= R0l F3ishHA I



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 5, pp. 486-493, September 2024: Jang et al.

W

FAlo] WZo] nhe mAlR] Azto] 17 163} 2ol U
00 K, 22 2,700 K7Hx] Fai5t7) Watel = 21g &

2 9lck.

[op
Ul

s

rO
g

19 rie
MU o Ma
)
_OJ —_
o
i
S
>
ojo
(o]}
o
rr
o
cE
i)
b
e
re.
)
i
ofm
:Oé

N
o

O ol
I‘II‘

oX Mo &L r
o
T
Y
I
rw
>

)
ol
o
o 2 r&

o b vk 2O gy e
N
Nd
N
Ra)
ok
2
o
=
ro
ro
o
Jo
rr
rO
o
pin
o
re,
iTh)
o
N

0> of
F){ IU[O

r
ol X
N

ofr
o
o o

T N
— I

e >
>

oK
ol
=L
N

y LLomg
ne
i
ne
tfo
C
ot
>,
o

)

o

re —

ofn 49

e )

rr _Tu

rr

>,\I

> >

- 3
olr
& o

rE > ko

S

or L
oi
%)
o S
mlm%ﬁlﬂ
w10 by
2 o8
o_>,:ED
e >
2% Mo
)
lo
m2
S
mSﬂl
o
2L
IS
o o
ol o
ol Pt 1 0ol S of of & Sl LN ful 9 N Qo &

—
m
v}

Y

N

rr

R

fu

o

il

2

|

%)

ba)

o

>

>

ofo

ol

o,

rr

N

_O'h

r 8 g
i 1Z g A
N
N

X
o '

2 AL o F 2.5 A
e 2uIAOIA 7154 A FA
AR 2124
Uk AU £ LED 1)
2e st A7 54

roh fob [0 ok @ O & u9 2 O off [ ofh > M
T FHo
O

Pt oMo
02 of of

oo
b to 2

)
> ofy

o] 5~

=L by

o Y. of

)
B
of

o

off A 2= Al
O Al <kt
%4 LED 6,500 K5 AH&-5}1L,

% P 8K 02 31 2o

6,500 Kot AU 298 LED 2,70

@

>

ot
o
o
ol
=
> B
>
- ™
S
2 S
=~
> 2

N
N
i
o=
o AU o,
o
lo i

ox P
HJo T
of Y wx mo St 1o
Ermdéjmim

3]
)

Log>

o T by

>
>
2 m

s

ofo ofx
ooz oL
oo

of
1o
=
>,
S
2 @
- 2
= 1o
!k
o
ey
i
%
SN
N Q
S A
iz JO% |">'l of.
i 1Y
" )
SRS
fu o rir 3
19 o xR Ao F_E )

©
ol
o
[‘Il‘
1=
B=)
)
fu)
4
rO|’

oL 1
e HH:E

|
12
_ﬁ o mu rlc

o o 2 HI X O 2 -

D|l'|.| 0.[){

O p b e ot L onjo

oz o fo

i

)
4 =

>
in)

493

op
ol
—_
2
-
ek
ol
—_

Piorr
ol
rlo

ot

=]

Z

Jm
ilv‘
ro
()
o}
ox

)
_kg_ll‘
=
fiu)

> 0|0

ol

o

4z
%9,

el

MoE
o

o M o2

rr
il
o
)

ORCID

Chunghyeok Kim

(1]

(2]

(3]

(4]

(5]

6]

(7]

(8]

(9]

[10]

https://orcid.org/0000-0003-2694-043 1

REFERENCES

M. G. Hwang, E. D. Lee, and U. J. Jang, Proc. Korean Inst.
Illum. Electr. Install. Eng., 20, 15 (2006).

J. W. Kim and D. I. Kang, Korean J. Heritage, 52, 188 (2019).
doi: https://data.doi.or.kr/10.22755/kjchs.2019.52.3.188

J. K. Ko, M. R. Cho, M. J. LEE, and J. J. Kim, Proc. Safety
Management and Science Conference (Korea Safety
Management & Science, Seoul, 2012) p. 435.

N. E. Klepeis, W. C. Nelson, W. R. Ott, J. P. Robinson, A. M.
Tsang, P. Switzer, J. V. Behar, S. C. Hern, and W. H.
Engelmann, J. Exposure Sci. Environ. Epidemiol., 11, 231
(2001).

doi: https://doi.org/10.1038/sj.jea. 7500165

N. Breslau, T. Roth, L. Rosenthal, and P. Andreski, Biol.
Psychiatry, 39, 411 (1996).

doi: https://doi.org/10.1016/0006-3223(95)00188-3

S.J. Lee and H. K. Yoon, J. Archit. Inst. Korea, 38, 141 (2022).
doi: https://doi.org/10.5659/JA1K.2022.38.2.141

J. B. O’Hagan, M. Khazova, and L.L.A. Price, Eye, 30, 230
(2016).

doi: https://doi.org/10.1038/eye.2015.261

M. H. Jung, S. J. Yang, J. S Yuk, S. Y. Oh, C. J. Kim, J. Lyu,
and E. J. Choi, J. Korean Ophthalmic Opt. Soc., 20,293 (2015).
doi: https://doi.org/10.14479/jk00s.2015.20.3.293

X. Hao and C. W. Kim, J. Korea Inst. Electron. Commun. Sci.,
11, 983 (2016).

doi: https://doi.org/10.13067/JKIECS.2016.11.10.983

J.H. Sim and T. M. Chung, Proc. Korea Information Processing
Society Conference (Korea Information Processing Society, Jeju,
2015) p. 1732.

doi: https://doi.org/10.3745/PKIPS.y2015m10a.1732



