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ABSTRACT

Wireless communication using light—-emitting diodes

for illumination

Choi, Joon Ho
Advisor : Prof. Lee, Chung Ghiu, Ph.D.
Department of Electronic Engineering,

Graduate School of Chosun University

The objective of the research is to develop a MHz-range communication Iink
using visible light-emitting diodes and an appropriate modulation format whi
ch supports data communication upon illumination.

Recently, the development of illumination LEDs in the visible light wavele
ngth ranges has been active for LED illumination devices. As the communicati
on technology based on visible LEDs is on the phase of standardization by |E
EE 802.15, the research results from this thesis is important to develop a s
ystem concept, standardization, and technology implementation.

To implement communication transmitter and receiver for this experiment, t
he inverter is used at 20 Mb/s to transmit data signal with the distance of
10 cm or 20 cm.

On the other hand, it is performed to transmit PPM signal over PWM signal
maintaining illumination. The generation and measurement of the PPM over PW
M signals take advantage of 'LabVIEW'. The original PPM signal is recovered

successfully with the receiver.
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2.4. JtANZ S 2E=20F 1SS

E2 JAE RHSE HEDD|s2 HRZ2UsS Eelott
Z2NMA2 HEX Dz d7s A RHSEE SHZ ot X &1
HMd RHSH = 2Pt FRHSHE SHE HRE=2 FdHA20, 2008E
J

Z. Ghassemlooy H-EZ2 AUE ZFRE SHAIAEN Hest HXASE Y
ot=0dl, on-off keying (

PM) [Ghassem|ooy-1998], and dual header pulse interval modulation (DH-PIM)[AI
dibbiat-2002, Aldibbiat-2005] S0l 28t HRZWE LHSIRULCE.

(2=, Univ.Northumbria)

00K) [Dickenson—-2004], pulse-position modulation (P

1

FObA

[

K. K. Wong HRE2 UEZ=224F (multipath dispersion)dt 212X Ql
light interference)0l EMote 2Z2 HIX&EA IJLAIA (non-directed LOS
30l CHOHA 00K, 2-PPM and SIK BHZEHAIN HEH &S 246t A2d0
2 AS5I0 LESHACH [Wong-2000] (Z=, Univ. Leeds)

(]

(

=
[=A

) &
&

=
®
x
)
Q
o
=
>
e
-Ll

2006 MM EA(PLC: power |ine communication)AlA
) Al eS|

SAIAE0 A Narrowband OFDM2l E48IE =

Q. Liu 922 20043 |EEE Globecom 20040 A turbulent atmospheric channe
|S S8&F subcarrier PSK intensity HHEAE Z2HSAMAIAEN 25 APRHNE

SFESIKFCE. [Liu-2004] (Oakland University, USA)

T. Ohtsuki HFEES 2004E |EEE Globecom 20040l ZRH SAAIAES] {0l
BH AEE2 SIHAIIID1 f18 multiple=input multiple-output JI=0 CHEF AP
FHCH. [Ohtsuki—2004] £0l, Zero Forcing (ZF) 2¥iS Al26t0d CF

= 5
2= ZASANA SAE HEASE RHS LAS AIRSIACH
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(Tokyo Univ. of Science)

T. Ohtsuki w == Turbo-coded atmospheric optical subcarrier phase-shift k
eying(PSK) Al A EF Turbo—-coded atmospheric optical pulse position modulation
(PPM) AIAEIS HMICHGID, BEREsS Hl W GHALE.

[Ohtsuki—2002] (Tokyo Univ. of Science)

T. Ohtsuki W= 2003¥ |EEE Communications Magazinelll 2248 SAWAL
Multiple-subcarrier modulation (MSM) D10l CHoll ZESISCH. £06l,subcarrier
signal point sequences(SSPS)S 0|28t MSM ZSAIAIAEIN e 8HE &6}

D QUCH. [Ohtsuki—2003] (Tokyo Univ. of Science)

J.M. Garrido-Balsells HAEES 2006 Electronics LettersOl GIOIEIES0 &
ol RPHESEA AIAEIS st OIS weight multiple-PPM D=0 2tst HRE

28 BFACH. [Balsells-2006] (University of Malaga, Spain)

. Linnartz G282 2008 ICCH 1== LED AIAEAH U 2 LED

2ot ZE8E = JAEE HLDE PPM Ao =2 DEFGIH &S
ot= code-time division multiple access - pulse position modulation (CTDMA-P
PHAsSE ZHIMOAIAHS LHEGIALEH.

[Linnartz-2008] (U&=, Philips Research)
X. Li %= Proceedings of 2008 |AJC-IJME UM AIZ2E AN J|BSH QAM Sl

ANAE0 28t AFRZ2UE L HOIRULH

[Li-2008] (Indiana State University, USA)
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CIHHE AXIE AtE8t Ols= S0 0 VoF Z2elH 5V dgs &6t 5 v A
b 2801 LA 0. 2 HIIM A8 32 2F 0V &

MOTIAE2 g 710 nm B =CH D]
0 Bright Co.]22 J|J}
MB(3pie) B0t BlE RAHO| O HA ZatE= 2ol 20| = 20t

714

M 2 B0 220 Ol ==& AH2lE =8 + Ue A2 220 =U. A=
X OIYOl =2 20l At2EH= AMSB0JIE ot Z2E0l(0IS) E= FAg, &Y
S UEX& M0l= LED MSZO0ICH
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[O& 3.1.1 Hyper Flux LED Red color(5pi)]

2.2 V0l &I Z== 4000 med at

15 = 50 mA OICt.
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20 mAOIH

I

= X
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FOd LED ZAXHOIl Ol LE2tA

0lgo

=
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HE A%

ol
—

=l

'‘Bias-T'
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tO4 CIOIE
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2E 0l
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81 0.1 uF 52
RF Fanasonic: ECJ3VE1E ME BE + DC

4]

Ll
4.7uH
GND API Delevan: 1008-4T21 GwWD

2
01 uF
Panazonic: ECJ-3VEIE]N 4K

i

53 G
D

GND

[0 3.1.2 Bias-T 22| 0]

oI A2 2t=g = A= RF &S0 0C &= d== CIot0 LED A XH0ll Ol
gdisE 0 2 == UCH. 2 H ol A 74HCTH40 IHHE! A%+ 8IHSl &= &t
O 0 VE E0IA 82 SHEXUA 5 VE 2ACH. OIEH & TS 2942 Enable

EXHO OIOIE MSE HBAIIIHE CIHE AXIF OFXI 0 VUM 5 Vel DC dIgsS
2= OXNE M &0, 012 oI A=IF eIHE X0 A9IE Jls &t

£ LIt Oetd =30 AISE 328 4HEE s 2L,
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[O& 3.1.4 Transmitter Signal(Frequency : 3 MHz, Peak Voltage : 1.8 V)]

40
10

O[O 3.1.4]2 &40 =9 MY 2E0ICt. QARZAII MG
dlg2 1 VOITH. [MetM S4lD12 LED &g 2 Vol OIXIX 26t 810t

Ce HE € = UAUCH. et SH =L+ S0t =0 5 MHzOICH

1
B)al

Jo
Qj

Xt
1 = BiasT' 22 TN HMAQ 32 #=HS Sot0 == H
WHztKl =cl=0 dS3otA D LEDSl dY dEx

AULH.

20

el 2.2 VK 82 = U

0
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| 5|
e & |
0 B
&
2
[Od& 3.1.5 Circuit of Tx with 20 MHz, 1 LED]
[O& 3.1.5]0lM s-T' 328 o UstH RFAISH HEE= OI0IEH AS0l
DCHEZ= HotH 8T E BtE &= UJLH. E£8, IIHME digs 286t &
M2 TH & £ UJALCH. UetA g-das2 W& S0l LD 33A&
2.2 VZ2XIA Hgs s AN M LEDS D] ZEE =< %= AL, 0222
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FEERARRRRRERERARERRAREN

L LIRS TR

[0 3.1.6 £4AID] == (Frequency : 20 MHz, Peak Voltage : 2.2 V)]
[0 3.1.6]2 SAD| & WEOICH. Fh Y= 20 MHz0l2 & gy
2.2 VOILC}.

—lliilitll"lll'.li;lll.

ll!ié'llrillltilllllullr

EREARREERRRREEREN

[O& 3.1.7 £4I10] &= (Frequency : 30 MHz, Peak Voltage : 1.8 V)]
O £2 ZUE ZJ| oM el JIX Z2HEHsS 1Dotetd A EolACH. obAIgt
[O&3.1.7]0lA ECHAI 30 MHzDFXIOF SEHICH. 20 MHzOl HIGHE Z=AID0IA
maol Brs4d0l OA DO ACH. ofX2E 2AII0M S@cte e 2 ods2



H M= A% 4s0 ACkH. o A
ot HE QIHEOICH eiA 30 MHz Ol
g 3.1.7]2 30 MHzOIA R E AFEIO]

18 CIOIEl &1 EEE 2FD A0M I

ettt. O ola &
SOl AtEst 2l
o £EE =ce dlois stAHDE U
Ch. LEDS &I d== G 0K
2 HelOlA =401 JtsotALt.

3.2 20MHz OIA SZHot= JtAlIZ

Ok

81D

S0 20l 2&E 0l 3I20& MG StAHEOI EMotACH. B2 LED W=

Scl™ Peak M HIHOl EHMNAM 201 Y &ECH. 2l LED =t s+
S {S 20| SFHOHA ROt WAHEO0l LMSIACH. 0] @2 220tI] K
OotRALCH. Bias-Tal2E8 HHM L2 &SE CHAl Inductor
AXE ALESHH 282 CIHENAM L= 8IHS SHAS0 HBAASECH defH
N2 2t80] =43 ZIHA LED 8 JHE SHAIUS Y 22 SUE LIEHHC
OIZ Nl ot Ct==2| LEDE 20 MHz Xl SHAIHAAM S0 2= =2 = UAULH

[O& 3.2.1 Real Tx with 2 Inverter, 16 LEDs]
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[O& 3.2.2 Circuit of Tx with 20 MHz, 8 LEDs, 1 Inverter]
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0 1
Binary !
message !
signal i

—
'
I

e LML N NN

PWM
e J J [

PWM :
- -

+ PPM |
[D& 4.1.1 O|Z CIOIE{2 PPM = PWM HZES &l 0]

LA HZOF OIRUX= A 2 = (A0 22X
n)

Metsd [O8 4.1.1]2 St o J
HPWM + PPM &S0 HHE AN &L

‘ ’ ‘ ’ =
3 0 2 2OIE &€ = ULH. L&
U= A & = UL
LED transmitter
PWM
. . Driving
(dimming) circuit LED
PPM pulses
(data)
Optical link (Air)
Recovered PPM
pulses
PD
AMP Oscilloscope
Receiver

[O& 4.1.2 Experiment Setup]
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[O2 4.1.4 Circuit of Receiver for PWM + QOK]

(O 4.1.4]01M & £ US0| PWM Ol SHEE= AIS2 PPMOI SHEEI= S E
HAEXMOoz QN2 285ls 32 U2 LRSI, Adder3I22 0I125HN
NHNEHOZ HE 4= U= SIZE 248 2= JJAL

[0& 4.1.5 Real module for PWM + QO0K]
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[O& 4.1.6 PWM + 00K Signal]
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[O& 4.2.1 PWM + PPM signal with 50% width]
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Peak wavelength 660 nm
LED i . .
Center luminous intensity 4 [cd]
Spectral response 400 - 1100 nm
PD - -
Rise/Fall Time 45ns
Bandwidth 8 MHz (typ.)
PWM period 1 ms
PWM pulse width 0.5ms (50% width)
(dimming)
PPM pul idth .
pulse Wi 0.1ms (10% width)
(data)
Transmission distance 10 cm
Lens Not used
[E 4.2.1 Experimental parameters]

19 [H 4.2.1]2 AEUHA AMEE 222 AL AEEXC FEE LAF0
UCtH. LED= THEOl 660 nm@! WAMS AIZSIA D 20| A== 4000 medlLh &=
D& ol0|= A LEDOICH. AH0IA AtEE PD= Spectral responsedt 400 ~ 11
00 nmZM JtAIZ THEOICH Ol AE0ME dlX= AFEoHA $UCH. SalHeles

20 cmE J|ECZ oI D

KHzE JI1E22 ot!

&S ot

ra [N} = [y
1 1 1 1

Arnplitude

—_—
1

L}
1
=

1 1 1
Im 2m

Time

[O& 4.2.3 Received signal 10 cm 50% width]
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ol [ 4.2.3]12 £=410|E Soll 10 cmH2I0A =228 PWM + PPM E 84S
OICH. Peak Voltagedt 3.5 VEE & o & =sS]4

= UAUCH. PWM &S (0 & PPM

BN
TOF e g=otttl & = UL

&rnplitude
r-a (E ]

[1& 4.2.4 Received signal 20 cm 50% width]
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[0& 4.3.3 Recovered PPM signal 10 cm]
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[O& 4.3.5 Real receiver for PWM + PPM]
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[O& 4.3.6 Transmitted Signal(black) & Recovered PPM signal(red)]
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[O& 4.3.7 Transmitted Signal(black) & Received signal(blue) & Recovered
PPM signal (red)]

_38_



B~ L 1w
g A ;
2 3
a
2_
g
I-
U-rn-rm rm tr-—m [o——
-I-I [ [ I [
0 Im 2m 3m  3.5m

Time

[O& 4.3.8 Detected signal of 50 cm distancel

el [0 4.3.

Ct.

XNEHOZ A

Ol Receivere
Xt

K

Mo ne

[
A

=3
=]

=8

2
N

2
o Y
£ o ol

u
|
2
J
>

H2= Dimmin
LH Ol A >
Hel 50 cmOl Al =

(Q

&= XHSH
SO =2

5]1 20l PPM IS E

S0t PWM + PPM &lS

_39_

A IoHA ReceiverE HIHGIULE.

=9| PDE 0|=8t Receiver circuit Off 3/322 =

p)

=

ne t



Talafadal

| | | | |
0,001 0,002 0,003 0,004 0,003

0
EJF% Time (5]

[O& 4.3.9 Received PWM + PPM & PPM signals 10 cm]

[O& 4.3.10 Signals from Tx & Rx 10 cm]
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f1o [O8 4.3.10]0M EX01 Z2M ASE= S4D| 52 ME0ID A Al

S= =AM S8 PWM + PPM AISOICH el W2AM ANSe= 2BHo=Z
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[0& 4.4.1 PAM + PPM signal with 1 KHz , 30% width]

[O& 4.4.2 Brightness of a LED with 1 KHz , 30% width]
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[0 4.4.3 PAM + PPM signal with 1 KHz , 90% width]

[O& 4.4.4 Brightness of a LED with 1 KHz , 90% width]
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