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A Study on Emotional Lighting using Fluid Coloring
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ABSTRACT

This thesis shows the emotional light that stabilizes various human heart rates through the three elements of LED. This experiments confirm the change
of heart rates when subjects see the static LED, fluid LED That was controlled by the guitar chord and beat in a given music and without light
Consequently, the experiment proved that the bpm slope of test subject during specific time in liquid LED, -12.85, was steeper than -12.05 in static LED
and -11.05 without light, which showed that fluid LED is more effective to stabilize heart rate than other conditions.

7IHE

Arduino Uno, LED, Heart Rate, Emotional Lighting, Fluid Coloring
ool S AR B, A 2, B4 g 29

.M E of AFEUE M 58 & F AUk E3] AL AHA
A= £dSE 5 vk A2 LED7F dnbzrigst of
™ (Emotional Lighting) 2.2 =% A Al&

W3 tho] Q =(LED : Light Emitting Diode) W2 Yzt 74 =
7

(¢}
IT71%3 §38omd oA A7) Aze /b 8 5 98 P e Agn.

A% B A4 FHoz Z4¥wn I LED &9l Jlve] vl W Wl Qo4 A4 4
o gHoze ouA 2Es A3 Sl Ao AA  wlHeln B AN Egshe slo] Hze
Holv] §7 A5E 9Ad) L3t 2o FATAL A FAoIh Aze] A4S LEDY Fash 849
$37 ®ov] RGB LEDE AHg¥o2d A4 9% & g soz d4ar

«  HMetiatn MX3Enkjws4589@naver.com, + Received : Jun 16, 2017, Revised : Aug 13, 2017, Accepted : Oct 18, 2017

aacceee @naver.com, tvxgxiah5@naver.com, « Corresponding Author : Seung-Dae Lee
dklirser@naver.com) Dept. of Electronic Engineering, Namseoul University,
o WAIMAL : GA St En MAS st Email : seungdae@nsu.ac.kr

< ® 2 :2017. 06. 16
-TEetEY 2017, 08. 13
- A EEY - 2017, 10. 18

933




=R
=

Aol tH4].

el

Agsa 424, <

[e]

=

WAz Mgl 7

o} Mzrs] u}

JKIECS, vol. 12, no. 05, 933-940, 2017

[e]

=]

Hl A

L
T

gebA|

24 4w

folell whet =7

x

SRR IES BICE

KR
=

e
_

T
A
|
=0
<]

_vO

=i

A4 7)) okrel whAs) FEEE

E

4G F29, 44 LED =4

3t A1717] 98,

of

[e}

ARE3T} Kruithof Curve

o

Ale]

pid

5],

zj 5

=

2
A,

=

=

A

MCUZ Arduino UnoE AHE-$H) §414-9] USB &

22 N&d FAE

400[lux] =

100[ux] & YepdTh
500[ux]Ql ] 2

o

AHEARe] A

A
A

SRz o] 24
of HolA &

2.1 o] 23 w7

B
BB &o
i N mr
W ®0
oy i~
o s x
o g
N ® R
o Nr
= ™
o £ 3
;O.ﬂ — ﬂﬂ
%o o M
—ar ™
Z A A
N 9
w8 5
DI# o O
% Z
o T
O B
oy X
o) Nf B
Sl
JBow ool
= omo IR
H &M
X Ew
A
IS
T, T
=
E.E ‘= o)
g F
S M G
™ B .
= M
oy T =
) mm =
T
T B o
o ox
o oy
.= °
T oof o
o 5 R
RSQlli
g P
T o] X

A&l USB

=

=

3le] LED-OFF Arejol] A

9

Arduino

T3
LEDZ Ao

T

o=

OF=]
LS

o

HAoly 5

L

i

5} )

AR
XN

=

ey

o o

~q

oA =W 2% W(Direct Lighting) 2
AN

hiel

=
=

o

=

o
.

)

|
A

Boltk A4

-

1

o
S

o] 7M. F¢

934



[Sensor [Control mz‘;“::f;faﬁ [Display]
part] part]
UsB
=—p | Communic | +—b PC
ation
Heartrate 5. | Arduino
Sensor " Uno
uss
=+— | communica |=+—5 LED
tion
8 1. A AlAE FME

Fig. 1 Overall system configuration diagram

2.3 Al&d gugF

o.
o=
iz
off
i\
N
)
jop)
=
=
S
g
8
©
(0
U

1000]%¢o] At FAdFA A o]de] de Aow
8t LED7F ARIYE B3A] 491 Fa A% B
52 80bpm7HA] 15%

b Al A AARAATH
olatx W7t Alxglo] St

‘ BPM UP

W

‘ LED OFF

]

‘ STOP ‘

OB 2 MA Al2" 22|

Fig. 2 Overall system algorithm

31 4834 ¢ 4y 99
a9 394 AFEE LEDE 7FE50[cmlx Al £40[cm]
T AxPoR oo s Attely] {3

a8 3 Ay

Fig. 3 Experiment environment

JAYAE F 6Wom, $xY ust 34 LED

]

2 HAFUS u), 54 LEDE RAFAUS wj 37}
2] Aoz o] Ads st 534 LEDE
RGBW  (64,255,255,0)°l1 4 (255,255,64,0)7+41¢] <]
oA Ay Ax=E WHIAAL AZF  LEDE
(2515050,0)¢] oz AA&AT 3= ol 50[lux]
o1 F7hl A Y] ZEZES 400~500[ux]el ). E =E

o 4 LEDY] 3x=3t2 400[lux]= A3}

2R 884 FPe e WrE A
a3 delee] ABgL o)yl dAa aHTol
s 37b el e A9e % 1080 2A A9
Soiry RE AYAE g7 A AF NERE 34
& F o7t 20m AF Wl Age g ge
AZE Qo] Bel F A4 wERE S48t 4
WESE ut g3 24301 98 4% 4Ea
Ask BYAZT AT, APHEANE 12, 8
A 28 Ao Z4sdth A HEFTE Sot
AR AGe 15ReR Agalth v A
gl A4 A4 e =Ed A% A9 skl

o
Aserp va 92571 =& RGBWEE (255,0,0,0)¢0
Al (255,064,005 AAst T WyezR HIS

935



JKIECS, vol. 12, no. 05, 933-940, 2017

32 A3E7 B3 H2 &7} e RGBW FAo|
A ¢ bpm <A} (2¥1)

Y 1e APPHS EOE AEE0} B3 v2E
7} e RGBW@ AGelA 3744 4302 1hrof
e g

g8 39l X 1, & 2% A7

Table 1. The data of heart beat on subject1
measured by a blood pressure monitor

Time(min) LED(off) Static LED Fluid LED

Base 76.0 734 794
1 123.0 1184 112

3 101.4 98.0 90.6

5 97.2 934 88.2

7 944 93.0 86.6

9 936 88.2 83.75

" 90.6 86.8 85.0

13 88.4 84.6 84.5

15 87.0 82.0 81.0

Table 2. The data of heart beat on subject1
measured by a sensor

Time(min) LED(off) Static LED Fluid LED

Base 756 75.0 78.8
0 1444 1464 1430
1252 120.6 1124

2 104.4 1032 98.0

3 100.2 98.2 91.6

4 99.0 95.0 91.6

5 9.0 95.4 90.8

6 96.2 93.6 88.0

7 95.6 95.2 87.6

8 97.0 92.4 86.6

9 R4 90.8 83.3
10 94.0 92.8 81.0
" 93.8 93.6 84.0
12 R4 90.2 82.5
13 94.0 89.2 82.0
14 89.6 87.6 80.5
15 88.6 86.6 79.5
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Table 3. Error comparison of average data
measured by heart beat sensor and blood pressure
gauge with the passage of time.

Time(min) Sensor BPM Error
Base 756 74.75 04

1 1252 123 2.2

3 100.2 101.4 -12

5 99 97.2 1.8

7 95.6 A4 1.2

9 R4 93.6 -12

11 93.8 90.06 3.2

13 94 88.4 56

15 88.6 87 1.5
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color condition with low fatigue
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Table 4. The data of heart beat on subject1
measured by sensor

Time(min) Static LED Fluid LED

Base 75.6 80.4

0 144 143

1 134.4 1278

2 120.6 1158

3 1116 105.4

4 95.6 91.6

5 9.4 90.6

6 R6 87.6

7 91.6 86.4

8 R4 85

9 934 84.8

10 912 82.3

1 83.8 81

12 9.2 79.3

13 88.4 82

14 85.7 81.3

15 85.2 79.8
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Table 5. Comparison of heart beat on subject 1

by conditions

Time(min) Experiment 1 Experiment 2

Base 78.8 80.4
0 143.0 143
1 1124 127.8
2 98.0 1158
3 91.6 105.4
4 916 91.6
5 90.8 90.6
6 88.0 87.6
7 87.6 86.4
8 86.6 85
9 83.3 84.8
10 81.0 82.3
11 84.0 81
12 825 79.3
13 82.0 82
14 80.5 81.3
15 795 79.8
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