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Emotional lighting control synchronized

with natural light

Byeong-Sam Kim

Department of Control & Instrument Engineering Graduate

School of Pukyong National University

Abstract

The lighting accounts for 20% of electrical energy. So, the lighting
industry 1is| focusing on LEDs to next-generation light source due to
energy depletion and environmental issues. Because LEDs are high
efficiency, long “life, low-power advantages.

The brightness of LEDs -are rchanged by current control. Current
control is used PWM dimming method. If the people use the RGB
LEDs, the people can get a variety of colors, And if the people use
the 22} LEDs, the people can get a variety of color temperature and
illuminance. Therefore, LED lighting can apply to buildings, parks,
bridges on landscape lighting, And it can apply to emotional lighting
indoor.

According to the color temperature and illuminance people feel

different emotion. So, The spectral characteristics of natural light



change during the day, people produce various physiological responses.
Therefore, LED lighting will improve the quality of lighting
environments by controlling color temperature and illuminance.

This paper implement emotional lighting to stimulate the emotions
of people by controlling color temperature and illuminance, and
synchronized with natural light in real-time. In addition, To improve
the quality of the lighting by adding Green LED improves color
rendering index.

Emotional Lighting are- composed LEDlighting, constant-current
LED driver, digital controllers and color sensors module. First, LED
lighting was made using White LEDs of different color temperature.
Second, Constant current LED driver was made using only constant
current IC. Third, Digital controller for generating a PWM used the
PSoC Program. Last, Color sensor was used to measure the color

temperature ‘of natural light in real-time.
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X = K/m'sR()\) ¢ SO\« z(\)dr
Y = K f visR(\) « SO+ (1) dA
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T = —43™n} + 3601n; — 6861n, +5514.31

CCT(x,y) = A+ Aexp(—mny/t,)

+ A,exp(—ny/t,) + Azexp(—ny/t;)

1714 n, : (£—0.3320)/(y—0.1858)

ny : (x—x,)/(y—y,)

¥ .22 705 McCamy®HH o] A<=

Table 2.2 Constants of improved McCamy methods

(2.10)

(2.11)

SRy 35000 ~ 50,000 [K] 50,000 ~ 800,000 k]
a, 0.3366 0.3356
Yo 0.1735 0.1691
Ay —949.86315 36284.:48953
A, 6253.80338 0.00228
t 0.92159 0.07861
A, 28.70599 5.4535 10" %
t, 0.20039 0.01543
A, 0.00004 -
t 0.07125 -
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3.1 LED 97|+ AA

3.1.1 LED Chip £4

Ave Fe M= 7141 Warm WhiteAl €3 =& M2 = 713 Cool

WhiteA|E 2] WA LEDE AM&-3ith A2 o8 ML Z 7ix WAl LEDE
A2 EZ5tet A9ole Mo Huike Cool Whiteol 2ldf, Az

ﬂl

LED x=%7]4+ 3300[K]¢] Warm White LED®} 5500[K]¢] Cool
White LED, 183 =4 LEDE ®j A8k}, ojuw A LEDE 297
o Mg A e Slskel Abg e e

-

3 3.1 2k [EDS JEElEy =) % =4
Table 3: Electrical and.Physical Characteristic of White LED

=z} 1‘4-7\P

aavi—| 2| gy ecuE] o]

tau " A cri|
min | max [mA] min max min | max

W/W | 3.0 | 3.1 60 3300 | 3450 | 90

C/W | 3.1 | 3.2 60 5000 | 5600 | 75

Green | 3.1 | 3.2 60 : : 500 | 505
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Table 3.2 Spectrum of White LED

CCT Spectrum

7. Luminous Intensity. vs Wavelength Distribution, based on T, =25 °C
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3.1.2 LED Z9 779 3= AA

LED 2%7]7¢] 325 4% uf LED| #-¥dAd2 49 st
Aol web A€ ek, Uy g2 9 LEDE A8dd & A

LEDel A ZAsh= debdstz sl LED Abolol #aF Apol7} &y sto]

olZ wigto g LED 97| #e dHAAd212[VIZ 243t LEDO
T Ay AR/RE adety =28 AAS A= LED =WV = 36
7He] Cool White LED<} 18702] Warm. White LED, 978 ¢]" Green LEDZ
Abg3sted 19 329 o] Cool White LEDE 322 12¥E, Warm

White LED+= 324 692, 54 LED+ 342 3¥4¥ x5 7FX 1 Ut

-
. =
e
- Sy
T
-
'1?_‘
e

a% 32 LED %74 3= 4
Fig 3.2 Circuit of LED Lighting
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Color Sensor

LS

Fig 3.3 C'()Tor—SensopBl-O'ck Diagram
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CLEAR BLUE GREEN RED
TEST PHOTODIODE | PHOTODIODE | PHOTODIODE | PHOTODIODE
PARAMETER | .o\omions | 82=H.83=L | 82=L,83=H | S2=HS3=H | S2=L,83=L |[UNI
MIN TYP MAX|MIN TYP MAX|MIN TYP MAX|MIN TYP MAX
E, = 45,6 yWicm?,
5 % 20 24|12 164 218 KHz
ho =470 rm
E 2
i Lot K O 8 136 192 Kz
0 P
frequency
Ei=X 8 uWiem?,
1o =6 m % 20 2 W10 4| Kz
E,=0 2 12 RE 2 1 2 1| H
(a) Type 1 of Output frequency
CLEAR BLUE GREEN RED
TEST PHOTODIODE | PHOTODIODE | PHOTODIODE | PHOTODIODE
PARAMETER CONDITIONS 82=H,%3=L $2=183=H 52=H,53=H S2=L,53=L |UNIT
MN- TYP MAX[MN TYP MAX|MIN-TYP MAX|MN_ TYP MAX
Eg=d7.2)iWcm2 | 125 156 -187 ~ - 4 "
b 4700 Y ¥ B1% 81% [ 22% 43% | 0% 6%
Output 2| 125 156 187
Ea =404 uWicm=, : ) i
fo frequency, | 8% 28% | 57 80% | 9% 2% | kHz
o fenes lp=sem [Te0 @89 : :
E9=34.5 }.lWJ'Cﬂ]z. 131 164 197 , | )
o ] 120 | 84e 105%
3, =640 rim %9 615 (4 5% 21% | 0% 2% | 84% 05%
(b) Type 2 of Output frequency
R34 CS23000) S T S
Fig 34-Output frequency of T€S2300
Zt IEHole o wmE Yo &9 = 17 349 (a)ek Zeol =
1, 7 ZEGe|eEE 54 sbguigel ww sk o] ohue 1
349 ()sh el 7 spgujdel WE AA Fire 2 Fag
ZFA 3 ok agez Aw ALk H2ask X Y, Z @2 7 XEY
oA EHE= 7 g Yo Av|E FEEof g
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a3 AEFREE 2G5S o&ste] Fetal, M2EE A(36)S ol &3t
o 3ot
fout,R fout,G fout,B
In=%ms Jemom InT s G0
X=(fpx1.05)+(fx0.12) + (f5<0.21) (3.2)
Y= (fpx0.27)4(f;<0.8)+(f5<0.28) (3.3)
Z=(f}0.06) #(f 5x0.43) +(f 5<0.84) (3.4)
X yV
S, VS XAV iz (85

~

2 2= McCamy 8 &0 8-3to] AFE3ht

T = —437n} 4 3601n° — 6861n, +5514.31 (3.6)

714 n, © (x—0.3320)/(y—0.1858)

TCS2300¢] =9
S5, el o3 ¥

%

= 50%¢ Duty Cycleg 712 F¥3=

9] Scaleo] AA %}

N N

PN
T
PN
T

%
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3.3 LED Egol¥] 2 XA E Aoj7] A4

3.3.1 LED =& & IC & PSoC 54

2 =T AFEE AMC7140 IC 3|24 o] Zketslar 700[mAl7EHA]
A AFS FFIT AMCTI40 ICE 5[VI~50[VIe W& o A

e 7H ICE S8 Wi AR AT MRl BEHAH, PWM A5 S

b | spEE=ouT L T
4 =08 * _ L
VoD —‘:-‘
Enable p——] OE i
3 FGND AMCT140 i;‘
2pisET A w0 M
— = =\ [ _

19 35 AMCT7140
Fig 3.5 Circuit of AMC7140
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g9 Ao]7]e] MCUZ A% PSoC(Programmable System on

ro

Chip)= 4HIH = AlxdeA dbH o ARG ¥ = g 7]

a9 36014 m@E ukel Zo] MCUe o

=0
o ==
Aol Al kst cinte] 2z
¥ 7)5e ATl AgF EF A7 ool (Mixed-signal array) 24

FPGAY 452 2 ASICY HAsE 2343t vfo|az A EE e o|t},

o O 1

19 3.6 PSoCel 7id[12]
Fig 3.6 Concept graphic of PSoC

_24_



3.3.2 LED =2to|lH] 2 HXE Aj7] 3= AA

LED =¢tolH 9] sle+ 9 373 o] ZF LEDE SHAS®E F&
&7] 913 FAF LED =efo]w & IC 37het 2 =eol o] &3 AHE
AAshs RAY, FAH LEFER DI TAET SMPSY £
AP ICY Vee Moz YL AEZ A T PWM 4s=

T Aell= LED?] (-)=o] dAZdtt
a9 382 tXE Ale]7]9t LED =ghold, AuAlA =
sjzolth HAE A7l A PWM &8 XE
Axa Ay e 7t TEGe|o =2 MAAE ] Y A A mE

S,, 80 9/¥EV AA9Y. nXgorn EN -¥EZ

ﬂl

off
2
S
c
&
=

Interface)2} M2 HolHE FaS 4 JES RS-232 FA1S A At}

§ ST
Lighting

§ /W Controller

19 37 LED E=gfeld 32 A
Fig 3.7 Circuit of LED Driver
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Fig 3.8 Circuit of Digital Controller
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3.3.3 LED =g&olH AF 43

AMCT7140 1C9] ¥ A& Ry, 2(3.7)~ (3.9l <3 24w}

Iopy = 500 X Iy (3.7)

Ty = 12V/Ryy, (38)

ety Ren =22V <500 (39)
IOUT

7t LEDY] % AFE Iy =720mA Ly, =360md4 I, = 360mAc]w
QRN Rypre 23BN~ B9S F8ak4 AlitEr]

WA Cool White LED. Sefole] &8 AF I, = 120mdd oz

| FA TG eI 2
Iy =500% [yp = 120mA (3.10)
Iy = % = L44mA (3.11)
1.2V
WekA Ry = o = 833142 (3.12)
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123l Warm White LED =2kolw| o] &3 A7 Iy = 360mAel o

Lyjw = 500 X Iy, = 360mA (3.13)
Iy = 365?63‘4 — 0.72mA (3.14)
12V,
A - AW
WA Ry == = 1667100 (3.15)

Ao %A LED svtolMe) [Eel wF I, = 180mds] o3t 9

FARE g Zh
Iy = 5006} Igpr = 180mA (3.16)
180mA
Lpr s 0 ORI (3.17)
1.2V
A - -7 @ =
ek R 036 3334[(] (3.18)

#HFA ez LED 297174 A-dF LED =ctoln] dAo] Ag¥ 9

Ry w = 22[K02] R, = 3.9[K(] (3.19)
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3.34 PSoC W% £5 % UI &4

Chromaticity
Coordinates

User Interface

29 39 "gAE A7)l o3 A z=vE Ao

Fig 3.9 Emotional Lighting Control by Digital Controller
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a9 310 AAE PSoCe W E5%
Fig 3.10 Designed internal block diagram of PSoC
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a9 3112 AAE Ul(User Interface)®] T-4o]ar, o]d w2 2z} BE

of wigh Fase] WAL & 339 o

No Name No Name

1 Control mode 5 x,y-Coordinate

2 Communication Set up 6 CCT

3 C/W, W/W, Green Value 7 C/W, W/W, Green Duty rate
4 X, Y, Z Value 8 Communication Signal
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Fig 3.12 Source Code for Lighting Control
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(a) LED Driver
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Fig 4.3 LED Driver and Digital Controller
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(b) Spectroradiometer

(c) ChromaMeter (d) Darkroom

a9 44 =4 A4

Fig 4.4 Measurement Equipment
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422 44 2%

CS-2000, CL-2002.=

=
=

o

237179 ANAFE

E 41 AFT2E2EEAENED &%) 7 54
Table 4.1 LED Lighting characteristics by Integrating Sphere

=74 & Min Max

AL (K] 3634 5362

Z%[Im] 76 703
A x4 [Ral 79 95

352 SHAELED =377 54

Table 4.2 LED Lighting-characteristics by Spectroradiometer (CS-2000)

= Min Max

A2 [K] 3521 5234

%% [Im] 1642 13577
A2 2]+ [Ra] 82 97

% 43 AEAZ SAHY LED 2937+ 54

Table 4.3 LED Lighting characteristics by ChromaMeter (CL-200)

=8 Min Max

A2 [K] 3535 4975

%% [Im] 1534 1534
A2+ [Ra]
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Fig 4.5 Expression of Various CCT
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1. PSoCY "X ¥ £5 4A

Global Resources — colorsensor

Sleep_Timer
WC 1= SysClk/™
WC2= VC 1/
YWC3 Source
W3 Divider
SysClk Source

SwitchiModePump

Trip Yoltage [LWD (£
LWD ThrottleBack
Watchdog Enable

19 2. PWM ProPerties

Power Setting [ Wcc / SysClk freq ]

CPU_Clock SusClk/s8
32K _Select Internal
PLL_Mode Disable

5.0V / 2amMHz

512_H=

User Module Wivi1E

Version 2h

Clock VC3

Enable High
CompareQut Row_1_Qutput_2 Row_1_Output_3 Row_2_Output_0
TerminalCountQut

Period ] 80 ]

PulselWidth 0 0 0

CompareType Less Than Or Equal  Less Than OrEqual Less Than Or Equal
InterruptType

ClockSync Sync to SysClk Sync to SysClk Sync to SysClk
InvertEnable Normal Naormal Mormal
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‘F’mperﬁes Timerl6 [Properties - UART

Name Tmers | Name uaRT
ersion ook vC3
Clock YC3 $§ 'C';DU‘ SUW-&ED“‘«U .
N utput aw_0_Output_
CaplL!re ngh TX Interrupt Mode TxComplete
TerminalCountOut Row_0_Output_3 ClockSync Sync to SysClk
CompareQut Mone RxCrmdBuffer Enable
Period 80 EXBUHGVS;?I_E - :g
amman erminator

CumpareVaiue 0 Param_Delimiter 32
CompareType Less Than Or Equal lanorsCharsBelow 32
InterruptType Terminal Count Enable_BackSpace Disable
ClockSync Sync to SysClk :§ g]J‘D:to 20“9

. ac ut one
TC PulseWidth Full Clock TX Clock Out ona
InvertCapture Marrmal InvertRX Input Normal

1% 3. Timerl6 & UART Properties

 —

=

@ POCT] (Por_ill_ GlobalOutEven_ 1. Sl_rcnng Disablelnt

= FOL2] Portl0_ 2, GlobalOutEven,z. Strong, Disablelnt

= Pors] " Port0_3. GlobalOutEven_3. Strong. Disablelnt

= POf4] PortiD_4, GlobalOutEven_4. Strong. Disableint

= POLS) Por0_5. StdCPUW High £ 2nalog. Disablelnt

= FOLE] Por_D_E. StdCPI. Pull Down. RisingEdge

= POCT] Port 0_7. GlobalQutEven_7. Strong. Disablelnt

= P10m Port_1_0. StdCTPIU. High £ Analog. Disablelnt

= P11 Port_1_1, StdCPIU, High Z Analog. Disablelnt

@ P21, Port_1_2."StdCPU,. Strona. Disableint

= P103] Part_1_3. StdCPU. Strong. Disablelnt

PiC4) Part_1_4. StdCPI). High Z _Analog. Disablelnt

= F105] k. PI:II‘E_I & StdCPU,. High Z. analag. Disableint

= P1LB] "Port_1_6; Sid CPLy High & Analog. Disablelnt

= PI1LT] Port_1_%, StdCPU. PullDéwn: RisingEdge

= P20 LCDD4-StdC PU. Strong- Disablelnt

= P2r11 LCDDS. StdCPU. Strang. Disablelnt

= FP2L&] LCDDS. StdCPU. Strong., Disablelnt

= P203] LCDDV. StdCPU. Stronag. Disablelnt

= P2r4] LCDE. StdCPU. Strong. Disableint

= FP2[5] LCDRS. StdCPU. Strong,. Disablelnt

= P2IB] LCDRW. StdCPU. Strong. Disableint

= P2LT) Port_2_7. StdCPU,. High £ Analog. Disablelnt
1% 4. Pinout
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