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Smartphone-based Wavelength Control LED Lighting System
according to the Sleep-Wake Cycle of Occupants
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ABSTRACT

Melatonin hormone involved in human'’s circadian rhythm adjustment sensifively responds fo light’s specific short wavelength ratfio.
A shift worker's circadian rhythm disturbance and sleep disorder are caused by the existing lighting conditions, whose short wavelength
ratio is fixed. The life pattern of a shift worker changes irregularly because of irregular working hours and the same lighting environment;
thus, his/her concentratfion is reduced. For such a reason, negative effects ensue to the defriment of healthy everyday life, including
a high risk of accidents or having unsound sleep after leaving work. A smartphone-based wavelength control LED lighting system that
targets shift workers and that can easily measure and control lighting suitable for wake-sleep cycle, according to working hours and
closing hours, is proposed in this paper. First, affer the light characteristics of LED lighting that changes depending on light confrol ratio
are measured through the color sensor installed on the smartphone and the externally-inked Mini-Spectrometer, they are stored in the
database. Based on the stored optical characteristics data, the measurement module and light control module are implemented.
Lighting is offered using a control ratio having the moximum rate of short wavelength in consideration of the target illuminance,
classified according to work type by identifying working hours as time when waoking is required for shift workers. After a shift work leaves
work, the amount of lighting is varied, using a control rafio having a minimum short wavelength rate so that a shift worker can enter
the sleep state naturally.
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i <RGBWC Lighting> <WC Lighting>
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<Smartphone>  <Mini-Spectrometer>

. <Jaz-ULM-200> <CL-200A>
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(Figure 1) Experimental Space and Devices
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(Figure 2) Variation of llluminance and Color
temperature in RGBWC Lighting
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(Figure 3) Variation of illuminance and color
temperature in WC Lighting
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(Table 3) The Change of Light Characteristic of
RGBWC Lighting
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(Table 4) The Change of Light Characteristic of
WC Lighting
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A

Light Characteristic

Tresw |
Sensor
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(Zighee)
Control Packet
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[ < ZigBee Gateway > |
————

i (USB)|
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| Calculate Chromaticity,
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CCD image Sensor |
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Send LED
Control

== Packet )

TR
( Ei Data 59@
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i Send User's situation, —
target iluminance (Wi-Fi) User's situation, IR =]
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""" < Smart Phane > |
(38 4) mekst AlAHIle]l SEE
(Figure 4) Flow Chart of the Proposed System
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ol ZAA &S HF MHL FRE FE610 FH A

Mol sfgatdd dobd vl&o] HAaAA ZFA AR &S

AB| 2ol 2Lt} o] F ZFA &S LIS 2rAl
5te]

A e} 28 23 E Z 0 E] (Mini-Spectrometer) S ©]-&
3le] Red, Green, Blue, White, 334 3 (SPD;Spectral
Power Distribution) Ho|E|E F3 st ©]% RGBW->
XYZ H3 2 McCamy M-2% 2H&& 93 472 F A
g, G v g AbE Faysith ofef o] 4] 14+ 7F A
g Aol wWE 528 YERd Aojth

X=0.1502R+0.0291G—0.0176 B+0.7951 W—7.26 (A1)
Y'=—0.5645R+0.8168 G— 0.44585+1.1337 W—10.3
Z=—0.1371R—0.0190 G+ 1.12025— 0.1809 W+4.13

X=0.3067R—0.1156 G+ 0.0657B+0.7144 W—0.06  (2]2)
Y'=0.2349R+0.1499 G+ 0.0901 5+ 0.3958 W+ 0.528
Z=—0.4071R+0.2413G+0.92118+ 0.0237 W—0.82

=X/ (X+Y+2),y=Y/(X+ Y+ 2) (A13)
n=(x—0.332)/(y—0.1858)
COT=—437n® +3607n*> — 6861n +5514.31

477 780
sw= [ stax, wiv= [ st (4)
146

44 380
SWR= (SW] W) <100

*SW= Short Wavelength Area
*WW= Whole Wavelength Area
*SWR= Short Wavelength Ratio

213} 2= RGBWC %9z WC Z9e| RGBW->
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a3, F o x2He Hag a2 A7 2
(RGBWC), 0.943%(WC)S UrelWT) 2] 32 Az gE
WO R A2k AES 98 AHSH McCamy?] A2

3L2Jo|tH18-19]. & 4= A¥ 2 EZ0|E(Mini-
Spectrometer) 5B 5213 EFEZ Ho|EHE 7|wto g
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Irradiance @} A A 2| 53 Y- 3 Ao] 9= Tapd H9)
(446nm~477nm) 2] Absolute Irradiance IA & #WE&=Z
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&t Tele pwjem’mmE ARS-SFCh ol ¥ 5+ A1~
/K]4oﬂ oHl:]- }‘— zu:] \:ﬂ E/\—] ﬁ]z oLﬁB]%_QJ 9]/\]_:35

ol

void function measureLightCharacteristic {

set R to the value obtained from the color sensor;

set G to the value obtained from the color sensor;

set B to the value obtained from the color sensor;
set W to the value obtained from the color sensor;

set X to tristimulus X;

set Y to tristimulus Y;

set Z to tristimulus Z;

set x to chromaticity x;

set y to chromaticity y;

set lux to illuminance;

set cct to color temperature;

If the current RGBWC Lighting true;
X=0.1502*R+0.0291*G-0.0176*B+0.7951*W-7.26
Y=-0.5645*R+0.8168*G-0.445B+1.1337*W-10.3
Z=-0.1371*R-0.0190*G+1.1202*B-0.1809*W+4.13

false;

X=0.3067*R-0.1156*G-0.0657*B+0.7144*W-0.06

Y=0.2349*R+0.1499*G+0.0901 *B+0.3958*W+0.528

7=-0.4071*R+0.2413*G+0.9211*B+0.0237*W-0.52
x=X/(X+Y+Z)

y=Y/(X+Y+Z)

lux=Y

set mc for the McCamy CCT operation;

me=(x-0.332)/(y-0.1858)

cct=-437*pow(me, 3)+3607*pow(me, 2)-6861*mc+5514.31}

(33 5) AZRES oizE
(Figure b) Pseudo-code of the Measurement
module
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(Figure 6) The procedures of Lighting service
according to sleep-wake cycle
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34
3

Ao}
Azt

22T 3
gt &

Holg
2p)

=23 =24

RGBWC Lighting

WC Lighting

ZAd 2= ¢
1] &(SPD)

235 NFE

49 2= 4
T &(SPD)

235 M3 x

00~07
08~15
16~23

100 Iux
Maximum

Alojul &

(64, 255, 255,

64, 0)

(44, 120)

A 102 lux, 35.6 % (0.254646, 0.21841) 102 lux, 1797 % (0.317771, 0.331436)
Wavelength Graph :: ] CIE1931 - B lﬂgalph z: b CIE1931
N w ] =

Wavelength (nm)

v
0 0102 03 0.4 05 06 07 08

Wavelength (o)

v v
0 010203 0405 0.6 07 08

07~08
15~16
23~24

100 lux
Minimum

Alojul &

(192, 192, 0,

64, 0)

(120, 44)

T3 95 lux, 0976 % (0.451747, 0.451601) 91 lux, 392 % (0.45481, 0.395971)

Wavelength (nm)

v

v
0 0102 03 0.4 05 06 07 08

7 wovdengtn o)

v v
0 010203 0405 0.6 07 08

00~07
08~15
16~23

200 lux
Maximum

Aojnl &

(128, 128, 255, 192, 0)

(44, 148)

TA 201 lux, 21.9 % (0.345029, 0.273682) 201 lux, 18.03 % (0.323726, 0.340551)
agz | .. s

L 03 o £ 031\ b

i = 2 g

h (om)

v
0 0102 03 0.4 05 06 07 08

7 wovdengtn o)

07~08
15~16
23~24

200 lux
Minimum

Aojnl &

(192, 128, 0,

192, 0)

(152, 48)

T3 200 lux, 3.55 % (0.463844, 0.415889) 198 lux, 4.67 % (0.449485, 0.406778)
g = | » ; ol ' 0!’

Absolute Irradiance (/a2

e} .
o5\

02

o1

o

v
0 0102 03 0.4 05 06 07 08

7 wovdengtn o)

00~07
08~15
16~23

400 Tux
Maximum

Aojnl &

(64, 255, 255,

128, 64)

(44, 208)

T3 394 lux, 21.76 % (0.313027, 0.295716) 421 lux, 1836 % (0.325395, 0.345345)
Wavelength Graph e A Wavelength Graph -
Y= .

Absolute Irradiance (/a2

v

v
0 0102 03 0.4 05 06 07 08

07~08
15~16
23~24

400 Tux
Minimum

AlofH &

(255, 255, 0,

128, 64)

(220, 44)

A 404 lux, 12.2 % (0.366887, 0.36387) 407 lux, 417 % (045785, 0.41588)
Wavelength Graph a5y CIE1931 L 027 CIE1931
A= “ T s | Y
i - =

0 0102 03 04 05 06 07 08

42

2016. 2



| 8-t FI|0f WE A0EE 7|8 &M 0] LED ZHAIAH

(& 6) ZYAH|A Znt
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