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Abstract

In this paper, we used Bias Tee circuit to combine the high frequency signal and
AC power signal and provided the resultant output to LED for visible light
communication. The data rate reached 60Kbps and the bit error rate is about 10-°.
Besides, we used TDD to eliminate Cross Talk effect. The data rate reached about
1.4Mbps in both directions and the bit error rate less than 10-6. In chapter one,
we introduced the history and the applications of visible light communication. In
chapter two, we introduced the principle of the light source, light emitting diode,
used in visible light communication. And we discussed the detail of the problems
we met when improving the VLC systems. . In chapter three, we reviewed some
related paper and proposed our experiment design. The experiment result will
be shown and discussed in chapter four. At last, a brief conclusion of this paper

and future work is given in chapter five.
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A0 - B A e anU R B AP FRRE AR AR ET
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(Pulse Modulation) ' 2 #ici= 34 % (Digital Modulation) » 14 F 2N i ¢ $4Fi% =

AR i e i
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B A A A U R AR B AR S R Y k& T KR BL A LS

MORAEV ALY SR AR RPN AR AR A RS
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A ] B R (T % A # A 5 % (Amplitude Modulation) ~ r2#F 5 1733 % 4L
A ik g8 % (Frequency Modulation) i 2 14 4p i (%3h % AL A c2h 4p 38 %

(Phase Modulation) » 4@ (2-10)#77F

e e N R R - B R N R IR S
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A

Carnier

N N
N NS

Modulating sine-wave signal

Amplitude-modulated (DSBTC) wave

Phase-modulated wave

Frequency-modulated wave

B2 - 10 = s H RS 5 LH [16]
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RS  N R MR S N E R AR R eI T Ao Bl (21D Hror o

ps R

1.5
1.3
1.1
LR

03

;ﬁ\”“”

05

0.3

.1

2T 0.3

i ol
L

| .
— 5 [— L

S

B 2 - 11 "%t %728 [16]

22



3. &= % (Digital Modulation)

Fom iR AP R SIS p R ad g KA on Aopp 02 ]
TRl c A F AR 2R B RS N dREH4EE(Anplitude
Shift Keying>ASK) ~#g & #5 42 (Frequency Shift Keying > FSK) ~4p i=# 4= (Phase
Shift Keying » PSK) » 4cB®I(2-12) %77 o § &AM+ gl L cnfrig 1 & 4
P FE G RS EE(ASK) 2 5 o Ao (D o A IS HEEFSKH A B B3 R
WIS AT A B el E o AoV ()5 0 3 04 A 4 (PSK) L B B AR =

Fom A B e Tl E o Aot (3) T

Acos(2af ). i1
s(t)=
0 —H#EH 0
¥ 1)

(1S Acos(2afit)  —#EH 1
Y\ Acos2af,t) 0

(34 2)

Acos(27f.t) —HEH 1
(=1 cos(anfe+7) e 0
_ { Acos(27f.t) THE 1
— A cos(27y’ct) —HEAE] O
(5*3)
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1OV AC 2 im TR > @ R RES ¢ chLED i &— 42> i34 ¢ LED 2.3 & i e
FigEh-Ac > 5 ¢ LEDP 7|7 £ 5 504 LED- @ ixa ¢ LED § A &% kb
PR 5 e B(2-1)r B Y - B EA 8 HLED B 2 e A - R e
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MEe s F - BB PpER ’iﬁgﬁf— P LED 42 B A R 427 gﬁfag
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L

110 - : 110

50 LEDs (series) L 50 LEDs (series)

VAC ‘ VAC
1 —l 4 _|

Ty )

101 102 102 103
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Bl 2 - 15 AC LED ¢ #|sk3 W] [17]

FEWRAB I B BepE T URENRAERE C FE A% e A8
LED 4 » % - e sis S A 2 pF N 2 ¢ s o RE Bo i)
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"EEFPER e 0 R AaF SR AC-LED Ap R o &0 ARk s AR R

b MR B 0 4o WI(2-17) 0 & 5 0 %] AC-LED Rl 0 35
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2.4 Cross Talk fi§ 4

FH VIO H A )R A SIER & T kel r Bk e
- FETEAAC TR BRSO AE o B ¥ - B EEARM LY AR AR A

i};,{%r@ f@ﬁ%fﬁgm 5. eh Cross Talk o
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FEINRAFELDRREIRFEBES I T H - TFEBEE I FBE
T RREMEN LI BET R ERAGLAS LA H LT TR o T
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TEAETILE T g
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PR ORS S R E Y e @ g AR VIC ks F R @
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Boodok R FH Aot LRGBS §RT R PR I
Cross Talk sfiim - F]15 &% x[ﬂy}zﬁgxf Bde ] p o Bimddran it > gk
Yo Bl F 7 A Fl A A REE B BT D p o2 7R - s BLE 5+ (LED) A ) e
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Fooho AT g A2 3 L R PR R A R e a5 BER(Bit Erro

Rate) + = > i?:fﬁl{VLC jok? ¥ L enCross Talk B 4E o

M % 1 f#4- Cross Talk R 4L » AP LA (S hF & €/ NA PR HK

oA @ﬁlﬂ’fﬁ"ﬁﬁ i i’ci)i",!f Cross Talk #38 % -
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Talk shf#ia-= 5% o

BT %
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2010 & > B AP~ F oo B 2+ » - An AC LED Smart
Lighting System with White Light FSO Communication v~ - 3% d'— B %
o #WACRBREATEE - A2 % AC-LED » @@ AC-LED % sk R P chie p*

S T BgEEL > F IR AC-LED 17 5 KR VLC k5L o
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Pk ¢ R R AR (3 D -

Zero Microcontroller

crossing
detector LED power C LED
control switch Smart
v Highting
LED bridge |
| rectifier circuit I
S |
: sensor HPF > |
I === nyicrocontroller

B 3 - 1 AC-LED 4y & mRM kL7 LB [21]

3

N

oF 5 1 L 30 s & - % AC-LED #Smart Lighting System: v 2 27 rid%
ERM e Taldk & VLC 3 %fuféﬁe?] ) 18 {;”ﬁd - 1# Microcontroller %zt 5.1/
s 2 ¥4 LED Power Control Switch - #<& # A LED ch& & o @ &% LED # =
3 & pEED ACR IR PR AR 4 e BRTIR DR IR € EE Zero
Crossing Detector #2: 5l # » Flp A2 [ED & R cnfp pF > ¥ 10 e ) ch#
Switch# F#Echa g > (F5 7 Lk g Téﬂl@ﬁ%] o M F KT ATRF D
LED ®.d & % 183%g LED 8 s @ = 7], 2W enLED %2 % 4 % % = &= 37 LED 7 20mA

CEATRE T (T Ry S

T L 2r g 2% Smart Lighting System edqc=4 VLC #7 4 24 ek 55536 100

D B RIEREES ) - R R BRI B Boh L5 L AN 6 T
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TR KR R e {80 d - B Microcontrol ler #54 % B B B i ekt 5
WEL o @ TR R R R F Ao K E S (450nm) gk F o F] 5 6 & LED A
dERLED s F ¢ ¥k A2 v ke #rube S JRE P18 T LD BB
TRLED#F M ke, 2 X0 F by ddo s R Fpw
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TG F R REEED o @ Epr e r ASCITenCode (B3 5L 0 4 ul
#3740 &F asbowsodfi@ # 4 a® 01100001 & % ~b* 01100010
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Bl 3 - 3 %4 as* & True Format'—r@sza]ﬁvfwz [21]

A w e o ek Al4e B (3-4) & BI(3-5)#777 > BI(3-4) LML & AC T in

SRIA > R f SRR T R e AC TR s - Bl(3-D) A caifz
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B 3 -5wfros %+ &True Format ™ @ik ) [21]

diTh e SEF e g a AC R n b FEF W 5k #s - B AC-LED
T A B @ ‘T s & paper ‘b o - BT T RS A 2011 & pF
w4 Y= KB#m~ An AC LED Smart Lighting System with Visible Light
Time-Division Multiplexing Free Space Optical Communication » = ® 4cif >
% Smart Lighting System ® ¥ ™ & % 7 Zero—Crossing Detector 2 & %_AC
Tt A i g Bt T - At Ak R h T BRA S F 8
LED ek BB » ¥ i fé LED 8 £ (8% > itd fudr 2.0 ¥ 22 » 3B o dopt — % »
AP R-T LA E AL N R B R s Bdew 1 B 5L 2 F Channel 0 iE

] TDM (Time-Division Multiplexing) &1 ig 2 4c@®(3-6) 1+ °
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BE IR b e Lf’% e 8 e * AC-LED % £ VLC 73 ‘?i@ﬁia?]{? {7 e
e §3% ?f”th\ PG RIE AT UREFCET G ¢ FAEEACTRLF
fg et g s Wgid R o~ BER (Bit Error Rate) et f ~ pEA ke

RPLY PURT LG R 2R TN A PR -l B % K

g

% & AC-LED Based VLC ¢ ster§ 1 7 i » ~ RALL 5 kd > 22§ R

£ R P Hch -

3.1.2 Bias Tee 2

i P o NPEZRVIC B* Bl &p ¥ 2ind AR R A A AP

s £ o TR A VLC A ks AC TR B4 o R VIO i

MEiREEFTY NACTRAERE F5 TR o 271N P8 FF R34 5L

& MAE(60HZ) cr AC 5L B & 0 % 5 E 3.

iF

& AR LT MOl g o Vi T -
far' i Bias Tee ch~ i » @ Bias Tee g iptc®(3-9)#7m » ¥ g = & -
R o B R BN L A KT S T L AR S
o PRI B BT MUE AR R S MO RBRERE S P L g LRy
PR € R B AT S O 0 e PR IRAR MU Bl v B e BLR 0 B ELE MU
R e n’ﬂaﬂ—\b;ﬁﬂ Super Position R ILiTE L » RS B L RE- BF
B MR E FH AR oA FIA AL = B Y AT EE

dFAzk - BT FA o F AP AP L Bilas Tee
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Low frequency signal o | oRF only

e |

RF %

o
Low frequency signal only
Bl 3 - 9 Bias Tee %17 X B

Bias Tee ¥ 4 wdi- BIRBHT F » F LR F M AL 62 [LIFH 107

BB EY MG X - BIREOT R T UILIEE AT LY R MOMF i AR iR o

%

Flit A A F > Bias Tee #ovd i H eny 2 2 R g W iTm & - w2 2LER ch

PP FEH B g 2 2028 Blas Tee k37 1 AR H e

— S K38 > Bias tee p & Impedance Zo g /i ** 50ohms | Toohm 2. & - & 7

7 (Xo) e Impedance € E # i€ * g )3 Zoemx o[ @ £ g (Xo)é Impedance P

EERRT AFA LA f o B9 5 K2 Xpend Sde

1
CTRgfc fLTIem
AT S ERF TG R R A ] o A U e B

F ik BoBiasTee ¥ M B * f3F 5 7+ &R B > b4 Power Over Ethernet »

Active Antennas ~ Low-Noise Amplifiers ' %2 Down Converters...... Eom

AT P oode b il A 2 F 5 BiasTee ¥ MR B AEEL L B MUE chip R L

PREEEREERY > DS ST AP TR LA MO AC UL G B en

FTALMELANEAS > Flgt A gm 2 ¢ A g d o #-Bias Tee & * % AC-LED Based
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FVLC p it B EF VLC A A7 1 E B * 3 him T RER K B

%’fuf’

3.1.3 AC-LED based VLC % 3% 2K 3

2 ip s AC-LED based VLC & 553K 3 4cB1(3-10) %777

Transformer Half-wave Clock
110Vrms to 9Vrms Rectifier Recovery

Bias Tee

5*8 Array
LEDS

2 meter

Receiver Oscilloscope

® 3 - 10 AC-LED Based VLC & s %% 7 15

hAFERY - HEPN D10V 60Hz HAC TR g LGB BRRE
BT REAIOVES OV ARG L - BLAERE > BACR ) Lif o
gy “,ﬁ% » fEHE = (00 & ¥ 1538 Clock Recovery 2 2 — B 60Hz 9= A L5350

A2 BAWG) A 2 hF M5l o S5 A 2 Bk L a Burst #55¢ » £ 2
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“ % 200Kbps 100K 31 5.3 % 2] - i 400KHz et + > @ % enf ez enf st o

% 1000 % 27 Symbol Duration(bms) e

e 3 14 8 e O e AC L B AT AWG 30 5L — Acdiy ~ Bias Tee fEatidgpse
A2 - B LED crd %350 s LED - ¢ ik PRt gL k¥ ok o AR Y T ¥
e LED &~ @] 4 = 5 40 %f LED 12 5X8 7538 5[ » @ 3% LED L5 ¢ = LED
WE - FEF S DC-LED» R AR TR RS e B BT Y SRE TR G
12Ve @ LED #f58 M fL L G 1 2 2 ¢ ehFree Space B iis - * — B LR
#) 2 (PIN Receiver)& iz > JcF K s £ 5 & B (Real-Time Oscilloscope)

EQUAE T

P F BT Y iR B E LR T
g s 2 4 E > AWG (Agilent 33220A)
2. kg B ® > PIN Receiver (Thorlabs PDA36A)

3.7 & B » Real-Time Oscilloscope (tektronix DPO T7354C)

3.1.4 AC-LED based VLC & $tR S i

TRERA PR R E R A ARt Matlab #4258 A Pkt

Y
- )

Tt o R AR VA & R mAif 4e T L
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a. HERR R AL ARTER

clear all

close all

cle

Fs=5¢€6; %P~k 5 > SBMHz
Ns=3400; %Sample 2h#kc

tstep=Ns*25; 4 ]
t=0:1/Fs:(1/F
£1=60;
phil=pi;
phi2=0;

att=(

sl=a 5. b635%real ( g T R A AL
f2=4e6;

m=round(ran

uf=25; %Upsamp
B=Fs/uF; % Data Ra
m=upsample(m, uF);
m=conv(m, ones(1, uF));

m=m(1:length(m)-(uF-1)); %8l 1L KB

s3=real (exp(j*2%pi*f2*t+phi2 ));

s2=5%m. *real (exp( j*2%pi*f2%t+phi2 )); %421 85 7 amplitude modulation
mi=1; Pt SR AR 58 R T R
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S2=mi*s2; EER SR 2 R

Hd12=1p2; %%_#& lowpass filter
Hdh=hp; %% _#& highpass filter
y= filter(lp,sl) + filter(hp, s2); %LED =H$FaB~3] et 5L

AWG= s2+ filter(hp, filter(lp,sl)); 993 Bz P B T 3 BE

AC= sl+ filter(lp, filter(h %AC Tz $EB~ 5| 03 BE
T1=LEDchac( %

T2=LEDchac((

close al

clc

figure(l)

plot(t(600:1ength(y)),y(600:1ength(y))) %% & LED 343~ 5| ot 50

figure(2)

plot(t, AWG) 9% WA B & B3] e 5L
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figure(3)

plot(t, AC) 9% W AC % hzg & B3 G 5L O
figure(4)
plot(t, T1) 9% Wi LB e LED 33

figure(b)

plot(t(300: length(

figure(6)

figurelﬂ’
hold on
J=2%uF
fori=0:floor((length(G)/
plot((0:1/Fs:49/Fs), G(i*J +1:(i+1)*J ) )

end
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3.1.0 e %

S b AR SRR~ Matlab AE5S ¢ RT IS 0 T OHERA PR Y B

F_L

FiEd § AL - R & BTN AC TR LED R R R

FeFIRUBL 5 53 11 5 PR ] 0 A u3EimAih T

a. B I

A AWG A4 ORI GACB (-1 777 > 8- B d TratcEd ki
BE1% 2 i2 4] gt 5L(PRBS) > 516 Upsampling 2 A 3 - Bk b s % o 4o
% RS2 B ARNA R SRS 0 W U E BIRI(S-12) om0 i g 1A P e

Foor — AL 00K

_B 1 1 1 1 1 | | 1
0 oooz 0004 0006 OQOos 001 0012 004 0B 0018

B 3 - 11 5B % g s
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w10t

Bl 3 - 12 2z~ £ S R erg AR5

b. AC & /R 5L
4Bl (3-13)%7m » = LF P * TThepACE Y ¥ 1 d NP i 4 4

d1 ke 3% AC 2 ?fﬁﬁ{— # 60Hz 147 3% L 3L 5L o

40 T T T T T T T
— e
0t .
0F o
0k -
40 L ! ! L ! L ! [ Se—
0 0.002 0.004 0.006 0.008 0.m 0.012 0.014 0016 0.0me

Bl 3 - 13 60Hz 0 AC 255§ Rl 5
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c. X% LED z 5L

B % Bias Tee i H#-iF 0 AC T RUSLr B A g8 5L 4o &
- Aefs e B EIR B LED Shb kUL MR (3-14) v B sE e
FAole AR - B B RO AC UL 0 e SREGUEL Y 6 G 3F P R R
Pl Flt R R E R R ACELE T > A AR > FE
bR F S UELIE S A oo do% AP AR (3-14) B 2RI L 14 %f;g 7 I
(3-15)> timt %k 5 > 32 AC £ iRerd= 5L L Faf 3 25 % "8 4 # +h 00K 3 5L -
R SRB TSk T AN P E %kt # % Bias Tee #2597 14 3% B Super Position
s LR AC UL 2 BAR A RES U ELIE S £ » £ 2 AR L = VLC &

s9 ACLED 2 § AELHIACR AT o

50 T T T T T T

50 I 1 1 | 1 I 1 I
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018

Bl 3 - 14 45 8 R AT AC LI T REL
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45

40

35

30

Bl 3 - 15 %% fbdt4 B AR AC 2 5 TR

hod AR ACT R B BRSO AC AU BT s AR T U g
Fl4e B (3=16) 4771 > & B @ pht gl ot R R Lo e B A= B 3

B, - i]}-,‘,‘l’}; i\l’é%%ﬁ‘r‘ﬁ i

50 T T T T T

-a0

| | | | | | | |
0 0.002 0.004 0.006 0.008 0ot 0012 0014 0016 0018

40

40 1 1 1 1 1 1 1
0 0.002 0.004 0.008 0.008 0o ooz 0014 0.016 0018

B 3 - 16 47 375 0E A4 G FEH L AC TR R
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d. LED § %% &2 5L

LED e 3|2 i e ioen g 5 B AR ELaACIUELEE » € 134530 c2%8 33 5L5F £ >

1\.

Hg kg4 gy B enfd GacB(3-17)%7m » B Y i w /.;:.*{ 7

piu)

A - Bx f;i’" H- 3P AC T MENZRE o &n RF P & ez ¥ LED b
kig B g HEF ACHBLANRE T A e a el o F1 5 AC L T

B s e PR LED ek 3 B 0 HNEE B A SUEE (P e (T8 o 4ok AN A

RO A S BT 0 BT (3-18) ¥ g ik~ {5 chi] ¢ o LED 4 ek ag R
FEF SEF B O BT D §oerec o kg R g e AR F - R

i s 4%+ 00K 30 5L -

1 1 1 1 1 1 1
i} 0.002 0.004 0.006 0.008 0.m 0.ma2 0014 0.me 0.me

g 1 1 1 1 1 1 1
o 0.002 0.004 0.006 0.008 0.m 0.ma2 0014 0.me 0.me

B3 — 17 LED 3 #2441 5 55 ]

E.5 7 7h i a.h 9 95
w10

B 3 - 18 ~ {5 LED ¥ %8 1 o 5L @
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e. JTF| TR ez EE

F A r kP B LED BT T Kt 0 K- kAR A (2D arj-fag "
FIAED {5 A 4o Bl (3-19) 907 > MBI E B L o P - Baad ANG
T2 R 00K U ELER £ - fhehe § A PRE B s 18 ¢ FIIRI(3-20) 0 7

NF )RR AT BESeI e 00K B -

e

FPS - 19 1z 2 kL e

il

0.02- -

nnzH N

-0.04 H —

-008 - —

01k -

Bl 3 - 20 +c (52 B2 1k ek g
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f. P H

AP RER B PR T o T4 B (3-21) - SRR o

-0.04
-0.06
-0.08

0.1

012
0

Bl 3 - 21 & 52 k2w

§ LT R 0 SRR e 2 R A Ak T AT S
Bias Tee tr# sy 2 A ACT R EL 1L 3 B AT ES gL cfo ¥ 0 14 i@@;ﬁ%]i [E WEA
T e IR S sE o H R B OB RS g A A - B

B e

J.2Ep B @ﬁe?li Cross Talk

FAPAZN 2R IFRARE NDES fEIﬁi%J(Bidirectional Transmission)
P ¥ ¥ § A2 Cross talk sPR AL F15 - BhBe T & #5E 4 & 2

P BREACE SRR T RGN Tl PR Bk p g kg
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F@ERDFT oA VLC ksed > FI5 bR nE B2t LED & B3 ke eh™ w0 of
YLR S BT B AR e P E B B ke Y O TR e
BLigiE O A R B A BRI PR L R T 4R e A SR

cross talk (R4 » T AP w A - B AR A Y (F LA T E Rt )k

3.2.1% w4

2008 & » T.D.C. Little ~ P. Dib ~ K. Shah -~ N. Barraford # B. Gallagher
> B Ag %0 - K &% Using LED Lighting for Ubiquitous Indoor Wireless
Networking i@ = o2 & £ 43 2 o R R VLC 4 SLie- By0ag ni 5 o
B REREAE T 0w EE = R Rk 250 Bor 5w @ VLA Sk s
oA R EE T B B VLC kA 58 B i R 2 R 12
PR o

P2 & TR ARl (3522) 1 0 A B 2EE f EengE e od 5 o R e B
B LRETHES - BR &R @A BRE- B S S50 Transmi tter
¥ - B AR s Receiver « A BRI L F et RiTe K B
Transmitter s A4 — & 7 hT K& LED = oo 3 2 22 F pad 3 0 i 44030 5L
@ e Receiver #HRlEd — (7T B kBRI BH S Do e T i 4

AR E] UL« 4o (3-23) 447 o
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Receiver

Transmitter

B 8- 92 LED 3 p & 8UL 3 5 o3 % B 4ET A

/ Transmitter Module \ / Receiver Module
S
(N Serialto TTY |  Hex || —7 | | Receiver | |TTL to Seria
> (MAX232A) Inverter == Circuit (MAX232A)
T L
Array of Array of
Voltage LEDs Photodiodes Voltage
Regulator Regulator g
9V Battery / \ 9V Battery

B 3 - 23 LED  p & &id

Er - BRE&RE GE kaﬁ"ff@%lmVLC & L "t‘—‘ﬁ <& ¢ £ LED

Sk E - L ES B 3F T LED#cE  pEdr R T B 2 Behl o X

FEzp*Eo VLCRBP L 3L1®7 = BRSNS W A% T AR H3R >

AR AN F - BRKF - BRHRNTDORHREHES - BRAR SRR R

AL R A TLHBRES BELFRORE - A R B E BELF

Pl pEe 30 S SELED S ARk BRI BT B & S FAT 0 SR
o REs TR T L A B M AR AL F Transceiver iz ¥ - B e m@ﬁsﬂ kLo

BT RR AR (3-24) 41T
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Vi TRANSCEIVER Module ™\
/~ 7 LED + 3 Photodiode Array "\
Serial to TTL| / SN7405 Hex Inverter \
4 2 S AVAVAVAVAY,
a MY T TV YYY
S L , )
~ a A
Q [l < PAR s
\
AP393 |« |LM741C
I T
LM2940
Voltage 1
% Regulator 9V Battery J
Bl 3 - 24 LED . i# ﬁ’é?ﬁ#:r“igl
AT ICEY
T DL Fa kg HE R
& R U S
EF ok E Y
L8 k4
LSV B A
B ip) B e LB A
A 2 Cros ; TR LA)PT R I ARUELG L TF iR o
L5 40 5 by FsAcE 7

= B(3-25.b) 7 %
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(b)
B 3 - 25 Cross Talk % = (a)se sk x k452 4 Cross Talk e % (b) A
ZF kg Cross Talk eHar %

%7 f234-Cross talk e R » Z R e @ * 2.4 T 3 9 #9 o4 chz 3pk
RRIEe @B - BRAER . FZFIF BEF v ke URRRIEE 7
2 PP R R E A 3] R B o 4o Bl (3-26) 77 o A3 K e 2 B 0 82X
etk ¥ e Cross talk 24 avoefls 0 e R fri G 782 = i) % Cross
talk o Tl &37303-F o B @ VIC kst 2k g2 3] Cross talk =@ 5 %

3 BER ¥ o

(b)
B 3 - 26 (a) Transceiver 2. & 2 %3+ (b)i¢ * 2 ¢ #a jefg LED 2. & 84k &
xSk RS R R
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3.2.2 TDD f§ 4

% 71 f2/4&- Cross talk enf* g » 2V iprde 0 1 * pF o g1 (Time Division
Duplex > TDD) &= ;AR R RIEF € f2jcP]p & BB E D2 5L P 423

o oshEhi ok~ Rz R AT AR T ALEL o

foe ) RKPH A& ARG R A RIZ e 1 (Duplex) & & 4
=@ f8 L 1 (Half-Duplex)#r » 1 (Full-Duplex) o #f3} 2 f 1 ok i 4y
WSS SRE L M PR B LARFRLEF TS - R 2
FoRABETHFY - XFRBETHRF IR AIE TR BE RS
R RdRe @ XL KSR REF S SR E B IR P (T fee R B o - Heh
?,;é*i#ﬁr{aﬁs%l e 5 Fl L AR VORI g oA A
Rz i g o a3 (TDD) & &2 - i > )% PP A RS 1 i

KA T AR Refe i e IR - B E B W A HOR 2 o il b A

A BASARG R (L2 TR TR R) | P AR v T
1A B2 T ARTR B ¢ FR I e R BE R E A e
#® L Bapy PR R PR R ek I v B -

#7 & 1 (Frequency Division Duplex » FDD) » &A1 * 45 3 & fg % 1 Fpek 2 [f
B2 Efren gl B R T L% S B %Ol 5 B (Frequency Of fset)
AR BE T RATHLAPETE oL FI VL FL R o iplh
F2T o RS € b i BT pE 0 A - B TN ARRRE @
THARRBAFRI LT A EF AR L A B P DR R AF &S 0T
1Rt AT e
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Floma 1V R IED A Ak g RIBERL Al pF BRI E b P
BB o E N PR S L s R e @ﬁ%}éﬁVLC kB~ xaEl
PR RIED §ARTT L BRSO L Bl G B tha BRI T G S BhAE S
kaIEL e pE o p ot B [ED A7 & F S s BT p 2 B Zhen LED B ho i
BB AP iE 0 3EREhenR RR B - € Bk BT o ot — k> B B Ehenk
BRIBART R L AEAUEL 0 3 € 5 p & LED 3 Sfemugiant i Flgew

" f# 4 Cross talk <3k 487 o

3.2.3 g‘é' @ﬁjl:‘* ‘3,‘{,? %%{%J‘

57 7% TDD & * tf#idCross talk enf 2+ £ F 5 * » AR - B

F ok Rk > 27 %ok e B (3-27) 77T o

Oscilloscope
Data 1 Jsingle LED

/

J

<

=

<

N

\ N
X

\
nY
\

 A—

0
N

| Data 2

3

\

pe |

P
I—
/
Aelly
a3a18xs

991 selg

A
v

2m

Clock
Recovery

Circuit

AC Power Signal
B 3 - 27 ﬁa?]ré» @ﬁia?] TDD-VLC ) 5t 9 % 2% #1 & B
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PHRERFRE G A BIRA AN GRS foT {3040 B aniyoDatal
2 fvaragloData2 A uld LA Bl 2 ABAL B29A L o @ iea R
5oa 4 B34 d - B Clock Recovery eI # » 3% Clock Recovery § 1345 % i =
HEDO0Hz 27 A2 - B Clock: FPREFH S BAE A4 B % Burst ehfic
S e e HY g4 B ASE - enFallingBdge s @ LA 4 F 2
P §.5e# &> 4 Rising Edge °

P BN g AR R HE - -l REBESLED lffgﬁ,f,a'r?
SEUELR & S R RS- e 10V iR /ERSES £ 5 4037 ( 1 HX8 7 s
FI)eLED 7] o 3% LED "7 § ALK 31 2 e~ g @ B A 12V e F @ xh o %
t 3¢ 2 74 (Baseband )57 00K 3L 5 « @ F] % Bias Tee f % % ciobd i% > ™ fLxy e
PAEESE- B L2, 88MHz §U A L en 00K B i 5 0 L MU e B

Aw AABE o 7 S = Symbol Rate 7‘5’5{2. 88MHz -

Fowe 35 B ERRE (PINReceiver)*c E *5 Rl fr R2 e B - 4 %) * &
o b G feT Prpanugl o ] ma st~ S5 & (Oscilloscope)
A37 e @ 50 RRIFIE AT RER ke BT A 4 1 Cross Talk e fis > 0
B M Ao M2 eniz® 2 w2l 7 - B 64 T 24 S o FEHCERRIE X K 25

S REYL c dEd RS LR A T BEFFAF X ] o

£ * ehClock :EALK T2 5 — B High Level en3 BR(BV) » #FH =+ X4
8.Tms » % — i Low Level T BOV) » HFH <~ 8ms > a * ?‘c@ﬁ%ﬁﬂ"ﬁ%}%mﬁi
# Clock 5%#* & Burst #3¢ » ¥ # Pattern & & 5 1200 B bit - ™ 35L&
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8.Tms epr B £4F 7 20 Bk > F B eu 5Lp A & 8ms cpFRF R £47 0 19 B

FH oo FEAPORFEFTIRST 0 AT RIZAFE T L L Cross talk ehA

4 e

MOk BT hik B AR AT

1.5 sl a2 £ > AWG (Agilent 33220A)

2. 7‘3)@' /P'J% ’ PI 7‘_;1\-1-1— DS DA36
3. T AR g Oscilloscop
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FrENFHEFEHG

Awmw? o AP A BF&RFER - BAJ* Bias Tee ¥ T iR
FATEM IS S b A58 LED (77 Ak uen@ ¥ - B L) DD 3

i CVLC kst e @ s chCross talk % o iem B R PG o5 5 chs

o oMeg bk F Y g A

4.1 AC-Power Based VLC System

PR A A P Al RSP MR A 4T 2 R S enis R 2 i -

4.1.1 8%~ 7

#0 fhoif (Base Band) A i* % 2 @ i o0 00K SE 530 524 10 102 0 o04)

VAT AT

s;(t) = p(t) * rect (%) +1

F_*

% % Time Domain ™ eh#icE 258 » @ S & = H e 1117 5]
Frequency Domain T e#c g 258 40 34 ¢
S,(f) = P(f) x sinc (é) + 6 (0
a3+ ¢ s p(t) 4 - B one-period discrete-time bipolar pseudo
random binary sequence » H &£ 1 fr -1 Mg ®dk o AF %k o Afpen

% %_F=Baud rate=200K » 8% T % Hus -
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4ok P(OE RRE(F%R? £ &G 1000 Bah) S:8E = FHike
RS E - BiREFR AT FEROY Bco 2 % 22— B sinc function #Ap %k o
7]t B 18 5 PSD(Power spectrum Density) * mlﬁfl”/fﬁg # - ®7% sinc function
b enevolop Rl 7) o £ 58 Up-Convert & » 3k T it 5 400K » H g 2530
YA M

S,(f) = S (F— 400K) + S, (f + 400K)

B SPGB G APT T S 2 ACR R - A2 b 5
PSD @125+ » 4Bl (4-1) %77 > *KE;J&)I* . ¥_Bias Tee :#,%%J I egE o A% PSD
B @ 2w g 358 Up-Convert 0 30 B el 8 52 i< 8 e AC 30 5L 21 B
A FIP A fRA PEE 0 SNPE R E S - MR AC U LR o H
20 F5 S AC RIRE RS FAEE A R A AR AT R

BATWAES # B AN KD A € 2 TR AC TR I o

pSuang aAle|SY

200K 400K 600K Frequency (Hz)

Bl 4 - 1 Bias Teeﬂi;f]:'i‘;%év’ﬂ%%%iﬁﬁ%'
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4.1.2 Clock Recovery

SO RF AT AT AC AL » AP R T — B Clock
Recovery & fe 4 AC %/ % /R3NELM 2 FAFREH G B AWG #7424 chF HF 5L
F oA p AP E e ACELeni ¥ o8 Clock recovery e38 iF 2 38 4e Rl (4-2)
AR o AR AP E R L - B A RPFACHEL AL ITEHE > SR A iy
EHEZASF TN - EARHRY AP ERL G Z R Ache i F - BB
@ iePF AWG 3% 2 8 e Burst sH05% > 73 Burst 558 Rap § A Penk b S L £ A
F A P ig o s EEd ] R chpE iz 0 AWG f]&g Ell= B AR B 0 AT
Bof v f5 - Bv UK T E Burst Cycle 4% Burst Cycle 3% % & 1 Cycle
For g R A agapriz o ANG § 80 - P > AR LXK Z 1000 @
bit eI 5 - @ §F Burst Cycle %K = 2 Cycle mpiz » 5 = A F 2
Soenpgiz o AWG € 415 B o s fﬁ{f&i’— 2000 # bit PAEHIEL o @ ip L g
1 00K 1 5L3% ¢ 516 Up-Converted 2 15 » B3 AC A BLdn e - AS o e 10 (5 ¢ B
FI AP LED o 38 LED 48 € > LED 3 I ek A 5E 2 o ° ﬁ"&E%&@ﬁ%ﬁé »

kR R BT T B 4T e
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60Hz Sine
Wave

Clock

Recovery

—
1/60=16.7ms

B 4 - 2 Clock Recovery ##17 % B

4.1.3 #9&3 H VLCAF

B * e RIE R LED & ) ke sa s jc s AP E L o B 65 T
% Time Domain ™ 1 VLC 2 BLernt 5L 8] » 4Bl (4-3) 77 » Bl(4-3.a)Z 1 chd_
Burst #i-3% 3% < & Burst Cycle =% 1 Cycle s iz 1| a5 » ¥ ™ #.5
P ACIUELEE 6 F 3% 7 BAE Rl s A iF o @ T & 2 K 2 _Baud Rate &
200Kbps > #1245 F % 1000 @ bit ~ & € # 4 dms > “702 gk B¢ o F AL
IAC B H B g Oms = v 4 Fl o @ F] 5 AC SUHLf 5 &_60Hz - #7
M- BHFRHPDACHEEER X XS 16. Tns > @ @ 0(s - - B LFAC
WELE A 8.3ms> R EF 5 LED F & T RF - wenfRh TRA G R
>k @ﬁi%ﬁ%%i’ Flet e % % LED s U it @ R ass LED 2.7 ¢ 3 kiho @ i

By F'a‘*,?u%*ﬁ B g kg Rl E Y AUAFRZFRTIG T AEA FB  5 Tk

“.’E)l“\

BB B g APrg S ED gl & 2 985 bodms chE & =

o

A
|4
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AWG Baud-Rate:200KHz
Triggered Carrier Frequency:400KHz

(a)

5ms ' e e e e e
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4. 1.4 280
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