D

E
LICH.

!

=

S

ive

5
MZEXE HAIGHA OF

O N

o
[

2|

M

creat
commons

—

[—

t

[¢]

LICt:

O M
st

)

C
MNERLEAlL A

ZHE Metor

—
=
=

R0 5 A

i 0 <4 15
o) B¢ 53 o0
) E[o} o
) = 7
&3 10 ol 00
< il R
jum] J—

ol 0~ =
il 3 o on
) X Rr
Rr S =

%_ =B s
r o m._ -
o o O
_ Rr RO
% R of
o © o il
—_ jum]

1] N ol =
R iS ol =
= T Uo gwo
) RE] S
1 ° s =
o) K —
= TR mrr
&= o

ol Kl <. KM
80 ol JIJ =
Ee) W = )
©

X ESLICH

I 2t

tOd

ot |

[¢]

H

=

[¢

o]
lection

=

=

Disclaimer
O

5

FAI LEEHLH O OF
E2FH 29

¢}
X

=

]

0l N2 0| =3 & 72 (Legal Code)

HEAH0l [E 0l8Ke als 2o ol o



http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/

[UCI]1804: 24011- 200000256602

114

20114
4218t

all
]

A A E

Cal

N



PWM Dimming based NRZ Signaling for Visible Light

Communication

20121 2¢ 244



114

2011

ey

N



(D

114

2011



APLFF A] B e e 1
A1 TPAI G BAI 7| Le HETE e 2

1. 7TA1 3 BAIZ] e T T EE e 2

2. FFA 3 FAZEA] FFEIEBF TEBE e 3

3 TIA EAZEA HMEZ 7] % TR e 4
A2A AT Y T O U R e s 6
;q]z;g} NRZ—OOKQ—]' PWMQ] ;g 9] 1;_! 7]1301 T o 7
A1 NRZ-OOK (Non Return to Zero - On/Off Keying) ] A 9] -weeeeers 7
A24 PWM (Pulse Width Modulation) €] €] e, )
A3A ANZAAT BAS 9ol T e 7o 0o] e 9
11]3;3} 1;]1133(_;‘% NRZ ’1\1.—5—?—_71(_'}6\‘ }\]'1:1%]1] ....................................... 11
AT A 2B A1 T] A Q] rrereerereeee 11
A2 21T TEA] Q An ceeeeseesiesiiii s 12
1. 3] e 12

0. ZRI A A} creerereereeee e, 12

3. DAQ (Data AcCQUiSition) HLIZ e 14
A3 AT ] AP HL G AL s 16
A4E AT 0] Z2Al H BELQ] e, 24
11]423— }é?j]é:ﬂ]_g_l%/}_—'] ...................................................................... 28
A1A 10 [em] A8 - FAIA Ada Al @ BA e 29
A2Ad 20 [ecm] A &-FAA A A 2 BA e 36



N
WL

i [‘UZJ_,
w
2,
2,
fole
1o
o
<
[@)
2
i
S
3
A
(\]



L e N s
I A o A« A A A D S o S o S S S S R R S R S S S S S S S A ) A o1

N

it
1
>

011 NRZ FLEI Q] B soorrerermmressssssrsssssssssssssssssssssssss s 7
2.2.1 duty cycle®] ®3lol| wE PWM Waveform «weeeeeeeeee 9
931 LabVIEW®] ZTHER I B2rlo]o] 18] B ceerreeees 10
311 A28 28 A EETFO]O] LA e, 12
3911 A B o) AFL G LED wrrereereereerssrresssssssssssssssssssssssssssssssseons 13
3991 A G o] AFLI] PD) rrereerrrresssssssssssssssssssss s 13
3.2.2.2 Ao ALE% PD2] Responsivity e 14
3231 PCI-62299} AT AUME] BB s 15
32392 AWME B25} A0] O] AT oo 15
331 WZAIE AJA] TFO] O] L) e 16
332 PWM /‘\liﬂ_ NRZ_OOK /‘\_]_io ]?i}—}‘\li ........................... 17
333 LabVIEW R A A|3F B2 A5 QF 18] 25 e 19
334 PWM A5 A7 QFGLE] 25 e 2
335 LabVIEWE THZ0] 2 PWM Waveform - sssreesessen 2
336 PRBS FE L 712 NRZ-OOK Al 5. rrereersmrreessessmerseeeennns 99
337 PWMZ} NRZ-OQOKE| Bl Z AL B, rerrrrseerssesrisssessiisssisissssnens 99
338 WM ZAI 59 NRZ-OOK Al B rrreereesreesssmsesssssenssssnsssssenssans 99
339 G AB BELHO] 6] T E] oo 7
341 22 FL ER O] 6] TLE wrrrerrereesssnnssssesensss s 24
3490 ZEALE] B ZEAL B e 5
343 PWM A 5.9 On 7F QAL B cerrrrerrerseemsmnsensneenes 5
344 PWM B8-S A28 PWM 2359 Off T1F A3 e 26
345 HMEFFE 71 PWM AEE] Off Tk AT v 2%
346 %/\é% %%ﬁi .......................................................................... 27



N

I
o o o

N

Mo
o

Mo
o

Mo
o

N

I
o o

Mo
o

Mo
o

Mo
o

4
i)

4
i)

411 %$207] PRBS 9€& 743 NRZ-OOK AlZ oo 29
412 £75 W2A5 (duty cycle: 10 [0g]) e 29
413 $AHA MEAS (duty cycle: 10[%]) <}

NRZ=OOK AL rreessssssresssssnsesssssssessssssssssssssssssssssssss oo 29
414 A E MEAS (duty cycle: 10[%], 71l : 10 [em]) = 31
415 FAE ARAT9 BAdNE

(duty cycle : 10 [96], 18] 1 10 [em]) wwweeseeeeseeessssrsmsssrsssssrsnssnen 31
R R Nt e I A Rm— 32
417 29 MEA3 (duty cycle:50([%]) <F

NRZ_OOK }‘\li .......................................................................... 32
418 #A1H MEAZ (duty cycle:50[%], A& 10 [em]) - 33
419 FAE ARAT9 BANE

(duty cycle 50 [96], 18] 110 [em]) wwweeeressersssserssssesssssssissenn 33
4110 £ MZEAF (duty cycle: TO[0G]) e 2
4111 29 HxA35 (duty cycle: 70 [%]) <F

NRZ=OOK AL 5. sorreeessssreeesssssmesssssissssssssssssssssss s 34
4112 S8 M2 %5 (duty cycle: 70 [%], 718 : 10 [em]) -~ 35
4113 FAE MEAZ e EHd4%

(duty cycle 150 [96], 71@] : 10 [orm] wrseesseeeeeeesseesssssssssssseneeee 35
421 £NF W2AE (duty cycle: 10 [04]) . 36
422 28 MExAE (duty cycle: 10[%D <}

NRZ_OOK }‘\li .......................................................................... 36
423 FAHE HEAS (duty cycle:10[%], 219 : 20 [cm]) = 37
424 FAE ARAT9 BANE

(du y ycle O ] 7% ‘:q 10 [Cm]) ......................................... 37
R R Nt e I A Rm— 93
426 219 HMExAE (duty cycle: 50 [%]D <}t



N

I
o o

Mo
o

Mo
o

4
i)

427 218 MEAE (duty cycle:50[%], A2l 120 [cm]) = 39
428 A H MEAT ) BUdAD

(duty cycle 50 [96], 18] 110 [em]) wweeeeeesseeesseremsssrssssssssssnes 39
429 A F MZAS (duty cycle: TO[0G]) wwrrerrmmmsssmmmmssmssssereeene 40
4210 $2¥9 WMxAE (duty cycle: 70 [9%]) <}

NRZ_OOK }‘\J—i ........................................................................ 40
4211 FAlE MEAS (duty cycle: 70[%], A1) 20 [cm]) - A1
4212 A HE WMEATe) BYAF

(duty cycle: 701961, 71 2] 1 10 [em]) wwweseeeseessrssssessesssssissanes A1
431 =219 A5 2] Eye diagram

(duty cycle:50[96], 71 2] 1 10 [em]) swweeeesseessressrssssessssesnsnenes 49
432 A9 A5 2] Eye diagram

(duty cycle: 70961, 71 2] 1 10 [em]) wwweeeesseessresssrsssssssmssesssnenes 49
433 A9 A5 2] Eye diagram

(duty cycle 50 [96], 18] 120 [em]) wwweseeesseeeesssremsssssssssssssseee 43
434 =219 A5 2] Eye diagram

(duty cycle: 70961, 71 2] 1 20 [em]) swweeeeserssssssessssssnssssnsssnnns 43
441 PWM A& 2 HAX Walo] wpE LED 8E7]H 3} coveveeeenen A4



i

!

28

E.L

e
N
ool
e

B

= Vi



ABSTRACT

PWM Dimming based NRZ Signaling for Visible Light

Communication

Eun Byeol Cho
Advisor : Prof. Lee Chung Ghiu, Ph. D.
Department of Electronic Engineering,

Graduate School of Chosun University

Recently, the visible light communication is being developed for some
potential applications in the field of indoor communication system and intelligent
transportation system covering vehicle to wvehicle / road to vehicle
communication, information display, and home networking.

Ilumination industry incorporating LED is growing up rapidly. It is expected
that the market relating to the visible light communication will also grow up
with LED development. And application technologies such as visible light
communication using LED have been researched in the world.

The objective of this study is to propose and experimentally demonstrate a
signaling scheme using NRZ coding for visible light communication.

The signal format is based on PWM for dimming control and NRZ-OOK
signals. The signal waveform is generated using LabVIEW for experiments.
The signal format increases slot utilization since the signaling scheme utilizes
the off-state of the PWM dimming period. Thereby, the data rate can be
increased compared with the case without data pulses during the off-state of
the PWM period, at the cost of dimming level. The proposed technique is
simple and effective in providing the data transmission with the dimming

simultaneously.
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[Block Diagram (LabVIEW "G'-Source Code)|
bkiin 'Whie Loop: keeps the W1 running until the $ton bufion i pressed]
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|Cakculare FFT of the pure sine

Cenerate Meise Wik and Th of with e
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This Vi continuously generates two signals: a pure sine wave of variable frequency and amplitude |
and a white nolse signal of variable amplitude. The noise is then added to the pure sine. The sine|
wave with and without the noise are then shown in a time domain graph, Additionally an FFT is
calculated for both signals and the results are then shown in the frequency domain graph. Note
that the square shaped functions are subroutings in the form of subVis,
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PWM LED transmitter
(dimming)
g}—- LED
NRZ-OOK *
pulses
data
( ) Optical link (Air)
DAQ Board
PD
AMP * DAQ Board
Receiver

a9 311 AaF AY A 5Tl

A28 Ad FAALA
1. 34

B Ao 9l LEDE Super flux LED (BrightechAl) & AlFo]A] #of& =

%98 LED= 3 ZFo|th 34¢ 620 ~ 660 [nm] the e, Forward Voltage:
1.8 7 25([VI]elth IF= 20 ~ 100 [mAle]32 Luminous intensity< 200 ~ 4000 [mcd]
ojth. AHlHHL 20 (mW] (Hd&ude = 250 [mW]) o™, 19 32.1.100A1% 2
o] LED+ 620 ~ 660 [nm] b7 el H2-419 Y& whggio

2. FEAaAA
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1o
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o E =
g ool defx=d A=ZvkE o® vHEo %l Photodiodew™ ™= 800 ~ 1700 [nml]

o A diHelAM wrgelal ¢lw ZF Hlask=o] 222 Photodiodei= 800 7 2600

[nmle] I olr whg-gtrf. Aol 229 &A= 190 7 1100 [nm]e&  7}A]



29 oﬂ 2:¢l PDi 400 ~ 1100 [nmle] 3k diefe]l disia ¥ 3221 ¢
ResponsivityE Holal o™ 97[mml x 97 [mmle F3 WAL 71xa glar,

Rise/Fall timee 45 [ns]e]® Bandwidth= 8 [MHz]e]t}.
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B E 4709 Agtel@ol glth o] AL 271A AHE AL Y 2 AT}
tﬂﬁﬁxw v B9 Fo wE Agedoelrt. PWM 2l%7F On Feld o
NRZ-OOK 4137} High AH& sz 4$9 Low ez dslz 4% PWM
2137} Off A4¥ld W NRZ-OOK 213%7} High ZelZ w8z 49 Low =
Hal xS olEA 47kA o] HstwEe] A HE

I

(IR RSN RN I_I_II_I

111313'11 101110100
NRZ-OOK !
65 ‘ (T [ IT] [ [T
r'y PWM |—| H—r PWM ﬂ m
| | |
PWM PWM PWM ‘ T | T |
|
T T T NRZ-OOK data stream over PWM
PWM



NRZ-OOKL 110]1]0|1 101|010 OfJ1]0

PWM a :
Pulse width
| |
= [
| . |
| Period I
| |
PWM+ |
NRZ-OOK

2% 332 PWM 4159 NRZ-OOK 41358 Wx

>
fol

LabVIEW WielA WxAs Ade 9lste] PWM A& vtes s
NRZ-OOK A& wt=& dagss 27 & VI (Virtual Instrument) 2}
< Sub VI 34 & vhEolA shte]l =3 VI 3o
2% BEHEd +3842 PWM 2139 NRZ-OOK 2135 @Al 58159 Sub
VI =9 g AAZLE AAANAA HF VI LA Sub VI FAE9 g ¥4
2 ZAEE s 4 A A% 29 333% Sub VI HUES EHEY AdAA
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Peak wavelength 620~660 [nm]
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Center luminous intensity | 200~4000 [mcd]
Spectral response 400 ~ 1100 [nm]
PD Rise/Fall Time 45 [ns]
Bandwidth 8 [MHz]
PWM period 1 [ms]

NRZ-OOK pulse

width (data) 0.1 [ms] (10 [%] duty cycle of PWM)
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Y 4112 A" WERAS (duty cycle: 70 [%6], A2 110 [eml)
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