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ABSTRACT

Simulation of VLC data formats considering

dimming

Hyung Joon Jang
Advisor : Prof. Chung Ghiu Lee, Ph. D.
Department of Electronic Engineering,

Graduate School of Chosun University

Recently, several research groups have performed researches on indoor
visible light communication (VLC) system using illumination LEDs.
Compared with the conventional lightings such as fluorescent or
incandescent lamps, the illumination LED lighting is very useful due to its
advantages such as efficiency, low power consumption, environmental
friendliness, eye safety and no governmental regulation for radiation.

Since the VLC system is assumed to be used for lighting and
communication simultaneously, the dimming control function will be
inevitable. Therefore, it is natural to consider a VLC system capable of
dimming with data communication at the same time.

In this thesis, I have described the development of the simulation
program and shown the simulation results on a VLC system which
transmits PPM and NRZ-OOK data streams with PWM dimming control
signal. Also, I have calculated the illumination distribution, the optical
power distribution, the signal waveforms, the eye diagrams and the BER
curves.

The proposed simulation program is simple to use as it is equipped with

- viii -



the graphical user interface for input parameters. This simulation program
has been implemented using MATLAB and SIMULINK. I found that the

PWM-based VLC system can act as a communication system independent
of dimming control. I expect that the developed program will be improved
for studying the outdoor optical wireless communication system operating
at different optical wavelengths, considering physical outdoor channel

effects.
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Semi-angle at half power

60 [deg.]

%4l luminous intensity 0.63 [cd]
LED®] 7R 3600 (60x60)
AEH = 4 A9 169 [mW]
FA71e A FOV 60 [deg.]
Z} 2ol ol A HhAL Al 0.7
3 e Y o= 1.0
PDoll A @ =9] reflective index 1.5
PDol A &x]71¢] &4 49 1.0 [em’]
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Z,

o] © 2 NRZ ¢} Split phaseZ} 2~0]al Qi 2 =Fox &=
Unipolar NRZW2] & AR& 3t} o] W22 ¢ HAhe HE 185 YE 0
[VI= BE 05 Yetith HE 191 A= #Skol high & = LED7} Onel
H AEE guisty, vE 09 AEle Aol Low 4E 5 LED7F Offe A
BE omdit [21]. T3 o] NRZ-OOK A&+ PRBSIHEH oz A HA oM,
PRBSE Pseudo Random Binary Sequence 2] &2 24 oAl g o] 7Y o]
il sk Ago] ofd A Aol £3AR] HELS A Ay Fdd 7}

O:

r
i

7S BAA EAMo] Ho|EE wE giHoz AYdstA wEo X #Ee zt
= HELS g (23]
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3. dolE A4 & 918 PPM9 H 9
2% 22116049 2o PPM A5t xo dm o folxn, HBxol 9

7F AR s %323} ghad vdE AdE Ve AR RE doldh

]
PPM2 PWM c =28 A A 53 o] A3

oA7IA gt)e 2 B2 RS veha
2 =1 T, oA WAIA AS m(t) e # AdEET [21.

Barh B ARE 2 &
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A3F ANEdHNA T2aY ML HH

—ﬂ Data format generation ‘ I
Initial Data Import

@ S-function

‘ Link model: calculation ‘é—

v

—4 Data save and Plot ‘

‘ Direct link without reflection ‘

4

Direct link with reflection
(Lambertian)

U

DC analysis :
Illuminance (received optical power)

[28 3.1 & A7 Algdelde] %]

B oATE A7 g A7Ae] AEYeld xw
B 5ol [24] webd AEdHClM TxE 1 313 2 £z g,
THE ZEEEA AAME] HH a9 329 £
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Initial parameters ]

Signal |::> Local reflection points
[ Generation ] [ (M-file)

% Simulink @

[ AWGN channel (Simulink) ]

g

¥ [ Local receiver point ]

<:|[ Signal Recovery (Simulink) ]

BER Tool
(MATLAB
&
Simulink)

U

[ BER result ] [ Eye diagram ]

[2% 32 & AlEdolide s5=]

2 Agdold Zage 17 329 A gk A48 Annrs o
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A1d 271% 98 ¥ S-function

DEES Bleod (D oo [foml - DuBe: hEBS®

To Wodspace

———

e »i, polint ot ol int outt > §§

e

Fulse

i Refledtion madeling Low Fass Flkter Eye diagram of

[Er v EWM ML QOK g

Bemoulli
Binary

Bemoulli Binary
Generator

Extract NRZ-OCK signal Recover NRZ_OOK signs! | D313 TRe Convenion o Fiter

4

Scope

[% 311 7FA3E 74 B4 AlEdelAds 9% Simulink 2 2]

a9 3112 PWM ¢% 7|8k NRZ-OOK H¢o|¥& &3t Simulink &

ot} 17 329 sEE ¢Ad wE }4S Simulink 2BE AFEERo]
At Ak WA 27 @S 9¥she A4S B 5 e, 19 3119

d 3129 o] Hol= GUI
ool etaat sk S uE
A WS FS GUI Zoll A W3 ste], Enter &S 724 4 o] gtEo] %7
HozM Agdd. 27 318 2W, M-filedl A A4gE gS o] A 83}o]
Alibste= S-functione] = A& & F Avh S-functiono] B A A5 %o
A teja AHe=E 3t} Setting EZolA w2 QLEE HES =
©J 4 Block Properties -> -callbacks -> OpenFcng 33t L EZ0
Content of callback function ofgfje] HIZe] thg2p e Wa

GUI®| #kEe°] choose.outo] el THd =2 A F T},

=
Settingolgt= E£2<& fiIFgsd 1
}_

(Graphical User Interface)

_16_



B cu

Setting

—PARAMETER

(— Posttion of transmier
X 25

H 165
¥: 25
Range H

—reflection coefficient of wall
Sample 2
(o] 0.7

Semi-angle 70
€2 07

Luminous infensty 2700

c 07

c4 L [ Fiter OFF

(N

(19 312 27] #

ins

=
=

val=0;
save choose.out val —ascii;
EbNo=0;

%calculating the time delay by wall
%1 transmiter -> duall
load -ascii datafronGUl,out
HedatafronGUI(1);
range=datafronGUI(2);
sanp|e=datafronGUI (3);
Cl=datafronGUl(4);
C2=datafronGUl(5);
C3=datafronGUI(6);
Cd=datafronGUI(7);
X=datafronGUI(8);
Y=datafromGUI(9);

Lt )=k
Li1.2)=y
cs3+10°8 % n/s

% receiver position

Y¥p=2,5;
Wall (x,0,2)

Xr = Lk, 2)/(YpeL(k, 2))+(Xp-L(k, 1)) + Lk, 1);

Yr=0;

Zr = L(k,2)/(Yp + L(k,2))+(-H) + H;

D01 = sart{ H'2 + (L(k,1)-Xp)*2 + (L(k,2)-¥p)"2 ):

D11 = sart( (Zr-H)"2 + { Xr-L{k.1) )"2 » (¥r-L(k,2))"2 )
D21 = sqrt{(Xr-Xp)"2+(Yr-Yp)"2+(Zr)"2);

deltal= 5+{(D11+D21)-001)/c;
twall (5,y,2)

¥r=5;
Yr = (5-Lik,.1)3/(10-Xp-L(k, 1))+ (Yp-Lik,2) J+L(k, 2);
Zr = (5-L(k,1))/(10-Xp-L(k, 1))+ (-H)+H;
D02 = sart( H'2 + (L(k, 1)-Xp)"2 + (L(k,2)-¥p)"2 );
DI2 = sart( (Zr-H)"2 « ( Xr-L(k,1) )"2 » (¥r-L(k,2))°2 );
D22 = sqrt((Xr-¥p) 2+ (Yr-Yp)*2+(2r)"2);
delta2= 5+((D12+D22)-D02)/c;

r]I.
>
oX,
™
o

=

GUI('open')

olg A WHolE st GUIY m-files €A HHAE dHste F
Z 3 ol %7] F WHoES datafromGULout 3o A Aslelar 3 o]
F7VebH, %=7] k2 choose.out ¥ datafromGULout ©]gh= 3tdo] A &)
g ¥ 3129 EER A e WHEHE HEW, load - ascii
datafromGULout °]dt&= WHEolE & & Aok WA, AFs =7 #s dod
v WHEwolth. 1ga, datafrom(1)¢F 2& WHAAE & 5 de=d, AFE



5 oA A HA, F WA TS EYEoA il 19gk g2 H, range @
o7 Aozt wWaEolt)h old3 27| wlEo g WAl ARG AAst=
21& AAHA deltal, delta?, delta3, deltad® WHAF A ES ALEe 23 gES
2 ¢ 9y, 2 2d8 AdgsiA 2 uw Reflection modeling®te] & ko
2A zolgozm whabe] Jag WA Hrh  S-functiong $HE7] $14,

a9 3.1.19 Reflection modeling £ %9 Block properties - callbacks ¢
Content of callback function 91 %o th3 o] WHolE 183t}

load —ascii datafromGUI.out
delta_t;

= Edeo File - Model properties - callbacks - StartFen<

Simulation start function 7Fell delta_tzZh= WHAAE Jgsh 9o HAHo=

HEolgE BT YdEeta, GUI Feol %71 #ES dd¥ste dHE FEI,

models AdetA HH, 27| sl WA ES AAtstE m-filed] 99 #o

2A Zpgsto] diAL AES AL, o] BEAL E2 Reflection modeling & &
A=

ol o 559 9 growM 2o S-functions 43 3k}

us

A2d =% 22X % ¥ 1Y X AN A3

1. 2% & A 34
2 AEYoldo e AQ)s &8sty V&Y =9 Ex Aot
o] &P o=

A BH7] 93] 5 m X 5m x 3m & #HE AEdo]
ot [3].
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15 -

4»
o ¥2
o

B
N

s

w

o
w
[\
—
—
o

% The distribution of horizontal
close all

clear all

range= 53

% position of LEDs

L1=[1.25 1.25];

H = 1.65;

THETA_ = BO+pi/180:

1_0 = 2268;

nl = -log{2)/log(cos{THETA_));
n2=ml ;

L01+0.00; Xphysical area

dA= 0.2+0.12;
FOV=E0+pi/180;

=

-]
ak

F gt

tlo

1 % direct light

13 - for u=1:Hxr
“- for I=1:Hyr

illumination.

o
%

=
=

=23

iz

% SR LED #IX

% =0l

X se
% wh

% La

mi-angle at half power
ite luminous intensity (0.63 cd +3600)

mbert jan ZrAF Hl==

15 - Ddt = sgrt{ H'Z2 + (Li(k, 1)=Hr{u)d"2 + (L1(k.2)-Yr(13)"2 33
16 - cospsi= HADdD;
47 - psi=acos(cospsil;:

33 - end
M - end

a6 - L2=[1.25 3.75];

if p

else

end

0> FOY
B0 Cu, 1)=0;

01 Cu, 1)=1 20+ (H/Dd1 ) m1 /Dd 1 2« (H/Dd1) 5

EE] % direct light

31 - 1 for u=1:Nur
2 - far 1=1:Hyr

33 - Dd2 = sgrt({ H'Z2 + (L2(k, 1)-Hr{u))"2 + (L2(k.2)-Yr (13172 J:
34 - cospsi= H/Dd2;
ELS psi=acos(cospsil;:

n - end
72— end

- L3=[3.75 1.25];

ifp

else

end

si > FOY
02y, 1)=0;

AYO2Cu, 13=1_0+(H/Dd2) *m1 /Dd2" 2+ (H/Dd2) 5

[(19) 3212 Z=HETE A4

_19_
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A AHA 12 LDAA A3)e &8st =HEES ALtstal, F WA 9
ALDANE A(3)e Bhatel ZARES AR o9 2 AL A W
A 1A sh vl WA AN E 4 gste] Age] vl Fel LEDSS A drha
AN S Aol zuRTE BozA sEe] AFAT} DA b A

= Ao Ao,

19

10 — Y= END o+ EYOZ + KY03 + XYD4:
1

12

13 - figureil}

14 — surfelXr, ¥r, KY)

15 — title{ Horizontal illumination distribution’)
16 — wlabel{'s (m)')

17 — ylabel('y (m)")

18 — zlabel ' 1| luminance {lux)')

19 — colarbar

[19 3213 = EEE AlMtst= 349 m-file(3)]

% 32138 Edto] 2WEEs XYehe WS groz Aalo] o] Fol A A
BPole ¥ 5 vk A3 e 43¢ B 2 5 9

}.ll

X+ RGB LED data sheete] W4 3t& Haste] 23 ghs 7

ofd
29
)
ML

1- close all

2 - clear all

i- range= 5;

4

n— Lt=[1.25 1.25]; % Position of first LED transmitter

[

7 - H = 1.65; % Height between LED and receiver

Bt THETA_ = BO+pi/180; % Seni-angle at half power = 70[des.]. deare
9- Pt = B08.4; % 1 Red power = 2.05Y « 20mt = d1nW, 1 Blue
n - nl = -lag(2)/1nglcas(THETA _J): % Semi-angle at half illuminance af an LED.
- A=0.01+0.01; % Detector phvsical area of a PD.

12 — di= 0.2:0.12; % Reflective area of| small region.

13 - FOY=B0+pi,/180; % Receiver FOM(Field of View),

14 — n=1.5; % Refractive index of a lens at a PD.

15 — 9= n"2/sin(FOV)"2; % Gain of an optical concentrator,

16

[19 3221 33 A8 FxE ALtst= #4749 m-file(1)]



a% 322104 F HAE BEEXE AtEy] 9lstel Fx¥ LED data sheet
e VxR Y FGES ddsta dE S B F Ak 974 P, = 6084
W #S 2 4 A, o] g2 ¥ LED data sheet %2 17} LEDS] Red
2] power : 205 V x 20 mA = 41 mW + 17} LED9] Green ¥ 9] power
32V x 20 mA = 64 mW + 17} LED®] Blue %9 power : 3.2 V x 20
mA = 64 mW -> 17} RGB LED® power +© 41 mW + 64 mW + 64 mW
= 169 mW7F a1, 360071¢] RGB LED<9] poweri= 169 mW x 3600 = 608.4
W = ALl o g A=t

% direct |ight

for u=] Hxr
for 1=1:Ryr
Dd1 = sart( H'2 + (L1(k.1)-%r(ud)"2 + LIk, 2)He(03)"2 )
cospsi= H/DAI;
pei=acos(cospsil;
it psi » FO¥
201 Cw, 1)=0:
else
A0 0, 1)= Prege|(mls1)ehs (H/DAI) "ul « (H/DG1) | /[2epi = (D1 °2D]

end

n xbz

far u=]Hxr

for 1=1 :Hyr
Xriud:
Wrilds
tor i=1:Nx
for g=1:Nz
Dini=sart{(L1{k, 1)-Rii))"2+L1 (k. 2) "2+ (H-2i (e} )"2):
D21 1=sartC{XI{i)-Xr(u)) 24¥r(1)"2eZile)"2):
cospsi=H/D211:
psi=acos(cospsi);
if esi > FO¥
B2100 e, 13=0:
olge
21100 1) = Pre((m1+1)ea/(2e (pi 720+ (D111°2) « (D211 72D ) Do CTodhe COHDI T ) w1 b (YrC 1 /DIRT o (Yr (1 )/D21 1 ) +g+(H/DE11 )2
and
end
and

(19 3222 % Ag EXE AAssE 349 m-file(2)]

F Y FECME HAE &Este AXtE s, A4S 2EA =9
Hy(0) #<2 A&l dAd LEDE24%H AAM@EoR ngdos &3 Fis
Axkskz gheol™, dH,  (0)= shue] Hel FEgls u A ES Adtshs
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gtolth. 1714 Integral 7157} Solzto = 4709 Wl i v

ArbsteE Zolgb= AS & 4 Atk shbe] LEDol| thate] 2 AFgak
3 BERS A zka LEDY Powers #3dtal, WAL 7k3t Power %k
W, stibe]l LEDel tigh d¥E 27t ALbdnh Sum 45 95224 ol
74E& 3600719] LED Ztztel st H&%*&h, o1 AR 360071 LEDE
AAetdes 459 F Ay 2xE Ut 28 322204 A DE
Matlab code® W3+3lo] A Abo] o] & A+ m-filed] dFES & F 3
L, AlREe 3he dBmE HEsle] #3 = &5t B

[e))]
AN

i
2

oo o

],

o
o
=

5

A3 Eye diagram 72 3 33

0.04z
Bernoulli 1 - > i@
Binary 7008
Bernculli Binary e Transfer Fon _ _
N First Order Discrete-Time
Generator LS
Scope

[1¥ 3.3.1 SimulinkE €83t NRZ-OOK H¢|HE
Eye diagram® & YERH 7]

NRZ-OOK dHlo]lH #H &S Simulink 294 Discrete-Time Eye Diagram
ScopettE EEWS &83lo] Eye diagrame 2uphd, & 4 {1& Aolu. 3}
A gt Gainolgt= &5 3 Transfer Fen First Ordergls £35S &-83ud
Eyve diagram< & < dub. 1¥ 3319 E25S &83f9] 19 332

e dstel s Hu

’

©

2ol
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Bernoulli Binary Generator

Generate a Bernoulli random binary number.

To generate a vector output, specify the probability Gain
as a vector. Element-wise gain (y = K. u) or matrix gain (9 = Keu or y = u=K).
Parameters Main | Signal Attributes | Parameter Attributes |

Gain!

Probability of a zero: 0.5 1

v

Muiplicator: €l FEE T = >

Initial seed: 61

Sample time (-1 for inherited):
Sample time! Te-1 1e-3

[7] Frame-based outputs
[7] Interpret vector parameters as 1-D

9 0K Cancel Apply
WA Sink Block Parameters: Discrete-Time Eye Diagram Sc

Discrete-Time Eye Diagram Scope (mask) (link) =
[LJ Cancel Help The Discrete-Time Eye Diagram Scope displays multiple traces
—— of a modulated signal to reveal the modulation characteristics

such as pulse shaping, as well as channel distortions of the
signal.

Output data type! [double -

The signal is divided into traces with length, ‘Samples per

First Order Transfer Fen (mask) (link) symblul' - ‘Shymgulls per trace' starting by skipping 'Offset’
Discrate-time first order transfer function. The transfer function Spipice sl e podlniies.
has a unity DC gain. Ploting Properties | Rendering Properties | Axes Proper < /)
Parameters Samples per symbol:
Pale (in Z plane): 300
0.95 Offset (samples):
_— — o
Initial condition for previous output:
00 Symbols per trace!
1
Integer rounding mode: [Floor -] réas sl
[7] Saturate to max or min when overflows occur 80
New traces per display:
[ ok ][ cancel | [ Help Apply !

mﬁm[—"‘m Apply
[2% 332 19 331 B 747k &5 gs =t o]

g

a 50 100 150 200 250 300
Time (ms)

[29] 333 ¥ 332 ¢ Z=d wegt vt Eye diagram]

In-phase Amplitede
[=1
h

_23_



19 3333 #Zo] 3709 Eye diagrameo] WEL}E A B 4 gl whek 30
N9 Eye diagram< X.# i 3t} Discrete-Time Eye Diagram Scopes =
9] Plotting Properties®] o&] 7}# ¥4 =7 % Samples per symbol = 300
ol kS 30000 = WAzt ste] Eye diagramS B8 dohdE, z-S 100
o7 WAz} o]9} o] Eye diagrame { A3 i E 2ol w27
Hr

Bernoulli Binary Generator £%¢] Sample timeg 10 'S 2 AA3cpd,
Gain® Sample timeS 107 'x1072=10%0lg}E= e JYIrp  wref
Bernoulli Binary Generator &%¢ Sample timeS 10 °C& AAZTpd,
Gain® Sample timee 10 *olgtE S YHITh 7|4 Zolup= 0.013
Discrete-Time Eye Diagram Scope &% 9] Samples per symbol®] ZAE A
2 #3ld Yelt= Eye diagram 79 dAshE AS 2 5 v AAS G

of W=, 1072x300=30°]2t= AS &
@ Eye diagram ¢ dA|sh= A& &

B4 948 xdan Agd

3L

st o]zl 137 3330 e
At} Eye diagramol] YElE= 5=

, 19 3349 #o] Discrete-Time Eye

Diagram Scope &% 9] Samples per symbol 3} Symbols per trace #= W
etk 29 3345 Y 23 wE v 27 YeEhd= Eye diagrame &

[e))]
AN

Eye Disginn Ey Disgrm _ By Diagram

1
~
3
2

/]

In-phase Amplitude
In-phase Amplituds
o
in-phase Amplitude

0 i} 100 150 20 20 30 d 0 & 100 1= n il EL) b Ll 10 150 a0 )
Tie (ns) Tine (ne) Time (ms)
Samples per symbol : 300, Samples per symbol : 150, Samples per symbol : 30,
Symbols per trace : 1 Symbols per trace : 2 Symbols per trace : 10

(219 334 5HA<Q A7 =249 3719 Eye diagraml]

_24_



o] &)l %, Bernoulli Binary Generator £%¢] Sample timeg 10 ' & A

A&l Gain®l Sample timeS 10 ‘S A A3l Discrete-Time Eye Diagram

Scope &% 9] Samples per symbolE 30000.% JH s},

Eye Diagrarm

Eye Diagram

0.5

In-phase Amplitude

05

In-phase Ampltude

0.5

o 50 100 150
Time (ms)

[Z2¥ 3.3.5 Gain® Sample time :

19 3359 A& 1™

0s

250 300

50

100 150 200 250 300

Time (ms)

100* ¥ 107°Y ul Yel}= Eye diagram]

722 Eye diagram®| YEY ™, Bernoulli Binary

Generator £%9] Sample timeS 10 ' & AAsa Gaind Sample times

107 °2 AA3t Discre-Time Eye Diagram Scope &3¢ Samples per

symbol : 3000002 <J#H3sA,

¥ 3359 &% a9y Z2 Eye diagram

o] Upebyte},
® \_ ~ o 2 5 \
= Pole(in Z plane) : 0.9 —> Pole(in Z plane) : 0.8 - Pole(in Z plane) : 0.7

TE
Time ()

—> Pole(in Z plane) : 0.6

o)

TE
Time )

—> Pole(in Z plane) : 0.5

[2¥ 3.3.6 Transfer Fen First Order &5 9] Z 79

Eye diagram]

_25_
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—=> Pole(in Z plane) : 0.4
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]

z
j=

B
=

Transfer Fen First Order =% 9] Pole(in Z plane)e] W4 Zto] =&}
w2} Eye diagrame] T 24 Yehve= 3ol 19 3360 YERY At o]

e Ay e @vha A4 @

o]
2

T 0.05z |
Hdwiad | 1
H z-0.95 b“|
FPulse Eain Transfer Fen - -
Generator First Crder Discrete-Time
Eye Diagram
Scope

[2¥ 3.37 SimulinkE &-&3lo] PWM 338 <& Eye diagrame & e 7]]

PWM 33 <& Eye diagram© = e 7] 93 3" o] 18 3370 e}
Atk 29 3313 ¥ 3 Bernoulli Binary Generator =35 #}2]el Pulse

Generator 50| 9J%|3 A& & 4 S}

W) source Block Parameters: Puise Generator L=

Pulse Generator
Output pulses:

if (t >= PhaseDelay) && Pulse is on IM#} Funiction' Block Parameters: Gain 1‘
(D) = Amplitude.

else Gain

J=f Elomant wiss Galn (v/= K3} or matiz gei (v = Ketior vi= UakO
Pulse type determines the computational technigue used. Main | Signal Atributes | Parameter Atiributes |
Time-based is recommended for use with a variable step solver, Gain:

while Sample-based is recommended for use with a fixed step
solver or within a discrete portion of a model using a variable step !

salver.
Multiplication: [Element-wise(K.»u) -
Parameters _—
Sample time (-1 for inherited):
Pulse ype: [Sample based =) = L )
- = [
Time (0: [Use simulation time -]
Amplitude:

1

Period (number of samples): Q OK Apply

10

Pulse width (number of samples):

7 ¥ Sink Block Parameters:

Phase delay (number of samples): Discrete-Time Eye Diagram Scope (mask) (link)

0 The Discrete-Time Eye Diagram Scope displays multiple traces
of a modulated signal to reveal the modulation characteristics

Sample time: such as pulse shaping, as well as channel distortions of the

le-4 signal.

9] Interpret vector parameters as 1-D The signalis divided into traces with lenath, *Samples per
symbol' = 'Symbols per trace' starting by skipping 'Offset’
samples at the beginning.

oK Cancel Help = .
sGancels) (wlislo, Ploting Properties | Rendering Properties | Axes Proper < [b]
Samples per symbol:
‘W Function 3000
First Order Transfer Fcn (mask) (ink) !
4 . Oftset (samples):
Discrete-time first order transfer function. The transfer function
has a unity DC gain. (1]
Patsumters Symbols per trace:
Pole (in Z plane): 1
085 = 2
 — Traces displayed:
Initial condition for previous output
80
00 L
Igor ounding mode: e Bt L
| Saturate to max or min when overflows occur !
| ok | Cancel | [ Help Apply OK. Cancel Help Apply

[2® 338 =19 3379 z}7}9

il

ol #h& 45T Al
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a9 3389 HAA = pES dgetd, 17 3399 Eye diagrame £

F g

Eye Diagram

1.5

05

In-phase Amplitude

.0'50 0.5 1 15 2 2.5 |

Time (ms)

[1¥ 339 19 338 48 W Fhol et YEly+ Eye diagram]

Pulse Generator®] Sample time : 10°? x Period : 10 = 10 %*°¢] PWMZ¢]
3k F717F Ha, 1002 x 3000 = 3olgtE FAle® 3709 Eye diagramo] t}
Elvb | Gain®  Sample timee Pulse Generator® Sample time

10 '%x102=10 "2 AAA}
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A44 BER A4 373

1. PWM 9= 7|¥t NRZ-OOK H|°|E AF9 7-¢

[] Transmitted Signal

Threshold
device

> 50 : choose 1 | Delay &
<50 : choose 0 |Resampling

Integrate and Dump

Tx
Error Rate

Calculation
Rx
[ Received Signal

t=t+T

to+T v Threshold | >1250 : choose 1 li
( ddt | | device cramping
t

. <1250 : choose 0

Integrate and Dump

[2¥ 3.4.1.1 BERS Al4tslr] 918 1814

Pulse
Generatord

Outd
Reflection modeling AWGN Recover NRZ-OOK

in1 Ount
Recover PWM
- [28] I
Outt
m = - recoversd data
FReN 4;? lint ount | AwGN l ] 11002

= " Channel 1
ernculli

< [A7] I
Binary

iginal data
Bernoulli Binary original data

Generator2

Scope
— BER
Integrate - = Signal To
In1Outt {11 Owt 1 Tx
- ’. ’-H Dumg » Ervar Rate Wodspace
FromS H Rxﬁ-la.n!auﬂn 1
blodk for BER caculation o DU Slicer Delay block e
Eser Rate
Calculation?

18] | [Iniagraie o] in Curt »]iniou
and Dump e
From&

Integrate
and Dump2

Slicer2 Delsy bloo2

[1¥ 3.4.1.2 BERS Al4e7] 913 Simulink = @]



t“f_]_—

Eal

Y

3t

P33 Simulink®

fay

7

ke]
pid

b1 9

)

9o ¥ 19e 727 BERS AL
o},

op  m
Gl
T 5
= A
T
N5
> &
B
o0
o 8
k=
o
o o
;S
g 7o
<0‘mﬂﬂﬁ
TR
%z.ﬂr
S v ®
N =
= TS
A~
A
o —
<
< o«
b 0w
1
o) X
=g
4 )
3¢.ﬂ|
W
0o~ o
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T s FHS B Integrate and Dump 358 53317 29 dolg <
3 | Ad@A o a7k 9lar, 41 2L
Z Integrate and Dump =55 F33t7] A dlolg 09 i<
H FEo] S wol Ao w 500AA Pt dSS B S 9
o FASHo A= 50Xt W 12 50Kt 2ow (o]lgli=  Threshold
DeviceE AHA 13} 022 B ANZ2 WIA7|, 2S5 12508t
AE 12 1250K.tF 2ol Qo] 2= Threshold Devices A XAl 13 002 %
ANz g WA3AZ] 98 o] 19 34150 e 9t

[Z¥ 3415 A 21S 7H vjar]s AR §9 $Adze FA42]

a8 34158 BA HWA, FAA57F 225 Hlaste] wiAl @ -89
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o\ Bit Error Rate Analysis Tool _ |.%
bl -

File Edit Window Help

Confidence Level Fit Plot  BER Data Set E,/N, (dB) BER # of Bits

Theoretical Monte Carlo

Ey/Ng ranger | s11 | de

Simulation M-file or model: .C:WUwrSWJang Hyung-joon#DesktopWBER_process.mdl | [ Browse..

BER variable name: |EmorVec

Simulation limits:

Number of errors: 10
or
Mumber of bits: | 1e7

Run Stop

[29 3.4.1.7 BERtool #}+7%]

a9 34179014 EoAX = MATLABo|A Al-&¥ BERtool "3 &-& 3}
BERS 7itgtty. 29 34178 BA H¥, E/N, "E AAst= Aol

it Algeloldel A staral sk e E AARY a9

2
o8]
!
=
X
r>~
tlo
Q‘L

a2k 8= Simulink BES ZrobA F7bgkt). Simulink

—_

L
Calculation £2& ¢ Zgsd, 19 34.18% 2 4 gt}
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—
Function Block Parameters: Error Rate Calgulation2 ™% ' X
L] u I;

Error Rate Calculation {mask) (link)

Cornpute the error rate of the received data by comparing it to
a delayved version of the transmitted data. The block output is
a three-element vector consisting of the error rate, followed
by the number of errors detected and the total number of
symbols compared. This vector can be sent to either the
workspace or an output port,

The delays are specified in number of samples, regardless

of whether the input is a scalar or a vector. The inputs to the
'Tx' and 'Ry’ ports must be sample-based scalars or frame-
based column vectors,

The 'Stop simulation’ option stops the simulation upon
detecting a target number of errors or a maximum number of
symhbols, whichever comes first.

Parameters
Receive delaw
0

Computation delay:

0
Computation mode: |Entire frarme - |
Output data: |W0rkspace v|

Yariable name!
Errarvec

[ Reset port

[¥] Stop simulation
Target number of errors:
10

kazimum number of symbols:
1e?

s

m

-

[ oK ‘[ Cancel || Help H Apply

[29¥ 3.4.1.8 Error Rate Calculation wi++3]

1% 34.1.89A4 Variable nameS ErrorVec @}il

BER Variable name® & Y3}4 ErrorVec® A<
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W Function Block Parameters: :-‘«W_ ‘ ﬂ -

AWGH Channel {mask) {link)

Add white Gaussian noise to the input signal. The input and
output signals can be real or complex. This block supports
multichannel input and output signals as well as frame-hased
processing,

YWhen using either of the variance modes with comples inputs,
the variance values are eqgually divided among the real and
imaginary components of the input signal.

Farameters
Imitial seed:
G0

kdode: [Signal to noise ratio (Eb/Mao) -

Eb/Mo (dB):
EbMao

Murnber of bits per symboal:
1ed

Input signal power, referenced to 1 ohm {watts):
1

Symbol period (s}

1

[ 0] H Cancel ][ Help | Apply

[29 3.4.1.9 AWGN channel "% ]

Ol &0], Simulink ®de] AWGN R&S F7bsol BER 7l4to] 7hs sttt
2% 3419914 E/N,(dB) @] BER Lo x%S 93an], PowerE %
Hsl7] W&o AWGN E-=0] 23t AWGN  channel, Error Rate
Calculation, BERtoolol] %75 2t} AdAste] BER AXLtS skl A3
T 4olA B 5 Uk
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2. PWM d® 7|5t PPM dlolg AF9 3%

] Transmitted Signal

> 0: choose 1
< 0: choose 0

Threshold Delay &
device Resampling

Integrate and Dump -
X
Error Rate

Calculation
Rx

[J Received Signal
t=t+T

Resampling

to+T v Threshold | 5 0 : choose 1
( )dt device
t

. < 0 : choose 0

Integrate and Dump

[1¥ 3421 BERS A&7 $13 1394

PWM H® 7|%t PPM dlo|HE ¥ o, BER #4d< 19 3421
ato] ¥ ¥ Ay r uzt g

tlo
of

Transmitted signal

06F E
= L p
= 04
o
=
2 o2t 1
O
E
< 0

_0_2 1 1 1

0 0.5 1 1.5
Time (s) <107
Received signal
2 T

5
<
L]
=
=
=
E
<

_0_5 1 1 1

0 0.5 1 15
Time (s) -4

[18 3422 $AA05 e HBdo] o] Fofx]7] o] =4 A=)
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Amplitude (A.LL)
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Time (s) w07
After Integrate and Dump
150 r r
— 100} .
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= &0} 8
=
=
E
= A
_5[] 1 1 1
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kAol Z5-o] oz ( osle] 4o AaANIE YEd RS E 5
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After threshold device (Transmitted signal)

o, B
o o

(‘N eapnidwy

x 10°

!

1
shold device (i{!eceived signal)

Time (s)

al

1
chapteroll

il

x 10°
%]

)

R

15

o & 7F =
ary

k)
pul

-
T

gt

Time (s)
— 37 —

0.5
of o]3tel M= Aef

fLA

=

(‘N epnydwy

F 71 o

[719 3.4.2.4 Threshold DeviceE A
[e}

a9 34.24
o] Resampling

=

=
A A



Delay & Resampling

11 = - — - i
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04
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Amplitude
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A4G NEANA T2IPL B& AP A
54 24

A 2% £ 234 2 F A8 2 23

1. 29 ¥ A5

Horizontal illumination distribution

llluminance (lux)

y (m) 0 0 X [:m)

(13 41.1.1 Aol e v ]
(H gk 986.45 1x, 3k @ 62540 Ix, A%k ¢ 180.58 1x)

& Algeel M= 71+

=z=
-‘427]%5m><5m><3mi*é7‘33}91

a9 4111e = 5 o 3Bl BAe Fs Aleleta, B =
62540 Ixol™, o] AL ARFdelM dat= dde fste] FAREI} 7

(ISO - International Organization for standardization) 7] &< w=3ic},
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Horizontal power distribution
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L e
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(23 4121 ddolM el 3 A8 23]
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A2-d PWM X 7|5k NRZ-OOK Hlolg H%F ZAI

19z Z9 % B8 tholojay

NRZ-0OK T|0|T|o 1 1]o[1]o[1] 0 0—1|0

PWM

Pulse width

Period

PWM +
NRZ-OOK

[2% 4211 PWM 9% 719 NRZ-OOK dleg d%< 9j& Wz E9]

NRZ-OOK 1
LED

+ ]_> (Transmitter)
PWM J

considering reflection Channel H
effect of 4 walls. I_> (Ain

Recovered H . PD J
NRZ-OOK data T

[72% 4212 PWM t]% 7|9 NRZ-OOK ©lo]8 #A%< )3
EREEL)

e

=
=
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a9 42112 ddS 3 PWM 2l&9 deoly AFHS 9k N
AEE A Bl ¥x 39S 9o R #ddsta e As B o 3
[16]. 1§ 42119 7]Zx38te] A|EHIAS 317] gk EF tholojiile] 1d
421241 yeEY 9t PWM 4139 NRZ-OOK A&+ Simulinkoll Al A =
o, A Ase Afste] LEDE Wxeth Wxd Ases 37 Fo2 W
Abeto] Hol A dojip= whALE d Bl ZEA E o) WA TR ARb FHE-o] 9 dF
S WA Hr o] %, FAIV|o A AT E FAlsta, BHE AHA HEdd.

2. %3
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9%  gloemg xyel &2 1 kHzZ 73ttt 31 fiAl= NRZ-OOK®]
AE S8 20 kb/s2 AAse "o REds = 5 vk Holy dEse
7h SEAIRE, g o] oA AFE=A AAE = 7 vk F A= dolH o
AEEES 1 Mb/sz2 dAse we dds & 5 vk 3 iAo 5+ 34
= RbALe] o it AL, Al A= WA The-AlRE HE(AWGN)S AL

51e]

% 9lth 1 Mb/s 9 20 kb/sel dlole % SE7h Avin 47}
= 2 AT 9%s} dold AEEET W AnE YL
3k BAGl el g AFehs bsAel U ATE s Aok v
9o dold A% £%=7 20 kb/s 9 4%e NRZ-OOK 582 ¥ & gtk
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[19 4221 NRZ-OOK "4 259 98 W8} (20 kb/s,
PWM frame rate : 1 kHz)]

29 42218 539 NRZ-OOK ©le]El7} 20 kb/s, PWM frame rate”} 1
kHz & o, A 25 2 qixbe] ks e Ry n Hdys= AA4S
T Adok A ®AG 7+ AR 98 27 Simulink QA A4 E o]

i

=

PWM 53 2 NRZ-OOK ®old wt@olw, A Wl ®de 7 7o Nzs
Age ol o) WAl FFE M-fileol A ALE AR JFe we
Ik A7) FRAE Al ASEEA AR D] A of whAle] e
B % 9149, NRZ-OOK dlol8 A4%E7h 1 Mb/s & o]t wiale] o
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A e oAl WAl e o Ry E NRZ-OOK o8]
Z%vo] WHE Evele] HwE PWM sHdolt o
F ool e oA WAl B PWM NEE AAG Hel vehls 5y
0 1.8 ms, 2 msol A $hE3A PWMol AANA e AR
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i

[7¥ 4222 NRZ-OOK W4 A&e] 58 Ws (1 Mb/s,
PWM frame rate : 1 kHz)]
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F WARZ 1 Mb/sel dHoly dEHEE 2= NRZ-OOK #g< 1
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Time offset 0 %10
(29 4224 AWGN F25 283 NRZ-OOK w24 Al el 3 H3l
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3. Eye diagram Z3 % BER ZA 3

o

3% 34 Eye diagram 23 A4S %39l Eye diagramsS Fd3= g0l
A AEEQkrh oA SrollA AWk deE AlEd ol A&ste] vErd
Eye diagram< HEEE 3t} oo A= PWM 3383 NRZ-OOK 3}3& o] Eye
diagram® 2 Uev= dgE = 5 AU Simulink HellA PWM 2+ & 3}
NRZ-OOK @] A=, + 7je] vgo] Agtsto] LED A5 W=stal
Hxd ¥ Asrt 7] o= WAga 7S w) ol WALt ASE
a9 42313 Zo] Eye diagramS 2 Al ey Zh7te] S0 Fojxl A
o2 PWM2 ¥ 338 uehd #s& 1¥shkal, NRZ-OOKs:= Bernoulli

Binary Generator £2¢] Sample timeS 5x10 o2 ¢]#ale] A st}

d (o
B g

Teme {ms)
(29 4231 PWM 42139 NRZ-OOK 213 E F A9
FAlg 7459 Eye diagram]

7] T o HAlelE Als o] Eye diagrameS 19 4231S 53t &
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Eye Duagram Eye Diagram
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In-phase Amplitude

In-phase Amplitude

"
[

2 -2

0 X0 &£ © 6@ W0 120 14 160 10 20 0 05 1 15 2 A0 3
Time (us) Time (jus)

[29 4232 NRZ-OOK H|olg A% £% : 20 kb/s¥ Wz <}
NRZ-OOK dlo]lg A% £% : 1 Mb/s¥ W($)¢ Eye diagram]

a9 42327 HYE NRZ-OOK®| Hloly HF £X7F 20 kb/s o wef 1
Mb/s¥ wj o] Eye diagrameo|t}. 18 42329 «94& 18 Amplitude jitter
¢ Timing jitter® QFS 718 A Far, 7HsA Hdo] o]Fofxl A&
E Ut 23S g HH, 2™ 4.2.3.290 4 Eoi ve diagramol A %%
o] 10 o] F&3 0 o]kl FEolA FFo] Holde B 22 BE
Amplitude jitter®] @ae] v # ’\]Eﬂolﬁoﬂfﬂb o] Al A
Algdleld skel7] wiol s Alztel 0 22 Amplitude jitter®] 3ol A2
Aoz et w3 1y 42329 J_Lﬁoﬂfﬂ XA 2 AAE= FaolA &7

2 dEo] wAgto R <lste] Timing jittere] & &o] Yelfof spAql E A
BYol A= o] Al ZFom AEH A ‘5‘}%‘\7] uj ol Timing jitter
9] HJgo] He Ao AT, 29 42329 9% Eye diagrame F717}

50 pus 91 AL E 4 93, 8% Eye diagramgl F717F 1 ps ¢ AE &
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3% 44 1. PWM tl®¥ 7]uk NRZ-OOK dlel8 HEe] 7-$o vehd dx
of walr AAt®E BER A3 2= 7F 29 42330 YERYG Q)

BER

E,MN, (dB)
[1%¥ 4233 BER g2 (PWM H% 7|8t NRZ-OOK HolE %] Z-¢)]

3.4.1.29 Simulink =< 2% Signal to workspace & =o] glt}. o]
B85 A3 oy M, BlES A, oef Jig/ HES A > oY
& Ags gk 19 423304 E/N, >
-6 dB 4 w, 7x10 *o] doJzl AL B F Yt
=59 BER Z2#&5 v& dA79E59 At vuste] 5o A%
A7t 1

A7 Wl st Al Eeold F Aatrh ase Aol dAdHW, & AT
o] BER Ak Al#Adol vt sad 5 olnt spArh o& dpdso] A
AR st Al 218 oA HJd, 2 A]@]ol*ﬂ A5 wAdd
glomz Wz xul 8l o] gEAZte e d7A=9 BER A¥te} v

Shul, 2 =R ATt T EEHASS B 5 vk [25-271
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A3d PWM tid 7|4 PPM dHlolg A4 A=

¥z £9 % 28 toloj1d

Pulse \:)vidth Pulse width
(80%) | (40%)

(Dimming) !

PWM Period : 1m$

oats - LULALALCAL UL AL AL
owns LLLULLLLULAEED, LA

o L ;II | ALLALALLL

PPM data signal : 1011010110101101011010110101101011010110

[2¥ 4311 PWM 47 7]¥ PPM "ol $A5 ]3ho]
AtE Az WMz U]

O3e $stel PWM x2S dgeta dolg $418 9ste] PPM W
3o, & TAlo B WHol 19 431.19 YERY At PWM

el g o] mlaEste] 80 %9t 40 %= AAITE PPM
= 20 kb/s & AR 19 4311 Edo] PWM Z0] 80

= 2 4 glon, PPM A7k PWM oW Aol
1 A48 AL ¥ 5 9l PPM 45 F7]%E 50 psolv], B EL 5y

sZ AAEY wgks PPM 2159 RS 532 40 psolt).
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[19 4312 PWM t% 7|5k PPM dlold $21& 98 &5 tho]o] 13]
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i Tllm[ II]IH [HIHIHTHHHIH] HIIIIIHIHIIHH [T IHIHHHIIIIHHIIHIH

P over PPM signal

HITI]

After AWGN

[ ST e

153 B b= T3 00

extracting the PPM signal from previous step

Recovered F‘F'M sigral

“3 IIHH[ II]HIHHIII HIH[H]H [T II]TI IHIHH (I IHIHHIHIIH]HIIIHH

050 04 0.0145 oms 0.mss ome 00165 onmz 0m7s noie

Time offzet 0O
(2% 4321 PPM %4 259 53 w3
(20 kb/s, PWM frame rate: 1 kHz)]

18 43218 PPM HiolH H$<4% @ 20 kb/s, PWM frame rate : 1 kHz
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d we] S HoFa . 2 =39 AJEd el PWM duty ratios
LED®] t®& 9lske] 80 %<t 40 %= AAste] s Zzals Fsthol
Ehd 9 29 43218 S8kl 2 & vk g Eo], PPM A5t AAE
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3. Eye diagram Z3 % BER Z3%

Recovered PPM eye diagram
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Time (LLs)
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