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ABSTRACT

In this paper, channel modeling and analysis of wireless visible light communication(VLC) were studied in indoor
circumstance. Photons emitted from LED straightly moved and navigated within indoor, after that a part of photons
reached on PD via LOS(Line Of Sight) or NLOS(None Line Of Sight). These received signals had characteristics
of delay profile and attenuation, which was multiple-path fading. In this paper, computer simulation of VLC channel
was executed under the condition that two LEDs were used for transmitter and three PDs were located at different
positions of the 20*8*2.3m sized indoor. BER performance simulation was excuted based on the characteristics of
ecah VLC channel.
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Parameters Values
W(Width) : 20m
D(Depth) : 8m
H(Height) : 2.3m

Size of space

LED out power 1 Watt

LEDI : W(8m), D(4m), H(2.3m)

LED position
LED2 : W(12m), D(4m), H(2.3m)

PDI : W(2m), D(2m), H(0.3m)
PD2 : W(8m), D(3m), H(0.3m)
PD3 : W(l4m), D(5m), H(0.3m)

PD position

PD size 1 cm?

Field of View 70°

Wall reflective
0.8

coefficient

19 2+= PDI, 2, 30l41¢] 4l B o R, o
2 S5E vehdich 23 29 (a)ol] viebd vl 2
o], PD1¢l|4]3= LEDI, 2& HE]2] AAI7} 917] o
ol Hhalgke] A7k A|ed o & Qls|A] 30nsHE] AlE
7 AE AL glem, o F ) 4l A o] 2.92¢-14W
2A] ]9 e For) gk FH) 4l AlE o)
20dB 2 77|19 Als7bA] faEgE AR s,
oF 120ns71A] AlZ7F AdEle] AlFel 18 29
(b= PD2elA9] jldx~ SEE vehd Zo2A,
PD20l|413= LEDI, 28] A5} F4le] B == 3o
7] wiitoll, 7.45nsHE] 1.27e-10W2] | =7]5 2z
= AlE7} AlE A glom, 20dB oW 7)) wiat
37} 450871 SAlE AL glek

13 29] (¢)°ll YR v} 2], PD3+= LED2¢]l
At AR a2 vk= 7} o 24 10nsH-E] 5.28e-11W 2]
H) =719] A5F 54 sA|%E LEDLE §-¥ HAL
ek vk7] el & A1 AH-2 PD2 Mol 2l
Z2]3 Helf 7] oib] -20dB o]We] =715 Za= Al
37} °F 60ns7HA] AlEIch

25 298] (o)l viebd B} o], PD3+= LED2¢]|

www.dbpia.co.kr



R AHEA 917 S

x 10
Jo L L ___I1___1___1[—a teot
roR ! ! || —e LED2
| | | | |
85—~ - -t - T - T oo T
| | | | | |
Y I [
= | | | | | |
g | | | | | |
£S5 -~ -r [T T- T T T
H | | | | | |
Y e e A IO
o
3 | | | | | |
S
2. | | | | |
g r-—-r 1 A e e B B
| | | | |
P I T A R
| | | | | |
| | | | | |
05--—--r -1 @ T T T
| | | | |
0 I | B o
0 0.2 0.4 0.6 0.8 1 1.2
Time(sec) x 10
(a) PDI
x10"°
1.4 - - - - -
I I I I | | —@ LED1
] ! ! ! ! I'| —e LED2
ol oL L1 __1___1=——=——
| | | | | |
| | | | | |
oo __a1___21_
= | | | | | |
g | | | | | |
Soglb - oL ___vr___a1___a1___1_|
H | | | | | |
o | | | | | |
X O A (R
3 | | | | | |
8
K | | | | | |
o4-4--v___r___r___a1___a1___1_]
| | | | | |
| | | | | |
o4 ___r___r___a1___a1___1_]
T\ | | | | |
| | | | | |
0 \T?Mm L L L 1
0 0.2 0.4 0.6 0.8 1 1.2
Time(sec) X 10-7
(b) PD2
x10"
6 - -
I I I I | | —@ LED1
! ! ! ! | —e LED2
o | | | |
Sk -r——-r1r-— T i E e e Bl
| | | | | |
| | | | | |
sal b ___L_ i O A
g | | | | | |
5 | | | | | |
H | | | | | |
LY il il et nle s S At By
°
I3 | | | | | |
3 | | | | | |
ol b ___1L_ i O A
| | | | | |
| | | | | |
| | | | | |
- ~—1- T i s e A
\T | | | | |
| | | | |
0 | T‘P?@m ! | |
0 0.2 0.8 1 1.2
Tlme(sec) X 10-7
(c) PD3
35 o
a8 2. AW VL] g 5

Ak AAdshe W
L EME RS
shk ) o] %
2] He) 27] o] 20dB e]He] =71

s,

70 2] 10nsHE] 5.28e-11W2
LED1Z %-E] ¥kA}
T4l A1¥-2 PD2 Mrh= Atk

&2

57} F 60ns7H4] SAl%lck

q7|M G =

W

o a)gl sjel

PD1, 2, 3¢l|4] 415 Al&E v35F 2|4
EaAERC Bl

(5)2k 2] ZAKE A1A

f(t):Zai -t

ERRE

7} PDelAS] A5 5241
Aelm, A ()3 moY A3

®

=4}

T

Ed|2 7F pDHE Ald mdle] 3o s, 1 A

A=
T=

il

FskA & 29} 3k

24 24 Ad =g CM1, CM2, CM3+= A&

ZFe] $12]el| wE 4171¢] PD7} PD1 PD2, PD33l
735l tisle] mojAlgs Fale] TEst Ald
Frolefar & &= glon, o] A Etﬁé—% zZ+ AR}

917 7le) A 5
549 4 Vel ik

Jal

o v

s Al 2 Als 2H e

gk, moAlgoA] =A% AE ujEko 2 PDI,
2, 394] 5215 415.¢] MEDS} RMS ]l 34k 4=

498 % 39 145}‘41“4

A} S vke = 9l o] 9]X|3omE 1.75e-08W
= 714 75, widel] qhajeiRkg $4lsks PDICIA
o F4l A 17} 1.98e-10W= 714 =gk
E 2. VLC A 54 AR AF
a; CM 1 CM 2 CM 3
ao 3.781e-011 6.356e-010 1.721e-010
a -0.002343 -0.1171 -0.01877
a 5.85¢+004 | 8.539¢+006 | 8.629¢+005
a; | -7.243e+011 | -3.026e+014 | -2.052¢+013
as 4.418e+018 | 5.196e+021 | 2.493e+020
as | -1.059e+025 | -3.464e+028 | -1.227e+027
E 3. VLC A A
PD |MED(sec) |RMS #|ed&Hiksec) |54l A1=/(W)
1 | 4.9092e-8 1.6907¢-8 1.98e-10
2 | 8.6402¢-9 3.7161e-9 1.75e-08
3 | 1.0904¢-8 4.6500e-9 6.65e-09
1243

www.dbpia.co.kr



39 X Axe} auje] A3 =
] LED<} PD2] #2]7} 7} w PDI
P 2 3& 7, 7 7He] LED RS-
€] X“M—g 2= PD27F 7P 2R %4l 8.64ns ]9l
o}f R =218 AlEe] ZFE HAjol| slwdsh= RMS
Al 2|6 a8 29] g Zeld HE nje} 7o) t}
9] vkl 42415 PD19A 16.9ns 24 71 210
o, 157} Wiz QA 1%l PD2olA] 7hg 2k gk
¢l 3.71ns °|gich

V. Moket djd ZEH BER M5 24

B l-;_‘,lo]]/\ilz xq]o]—%} -Hﬁ Ex_dlg] —ﬂ—‘&/ﬂ—%
&}azl, BPSK 7149ke] 7HA|% -S4l Al 2~8lE- o
o{ _\;1_ l‘_r__‘,:oﬂ/q \:71:4]3]6]— ;(HL% ncﬂ 0 _%_‘}_q 5]1—6_
2o E palElodnh 2 smrellA] A Al
A o] 24zt ol FRle] A ks 2ol 9l7]
ujFell, 2o A% x|l AzE ollellA] A AlE
H|E 77Hbit duration)S 10~80ns7HA] 10ns2] ]
2 W73 3 R AES #laElel on, oAl
AMSRE Al SleelElE & 49 2Tk

T3 394 Z47ke] PDollA LED 41 v|E ;Lﬂ
(bit duration)el] w2 A 71433 ] =
el PD1 6= 30ns-E] 120ns77]—7<] A= 7&i
xAle] FelE 7l vl A5A 02 4187
wfitel] o]ol 2Jgt <ggke] wig- Zrk 10nsoZ A%
B E 7 AAYS AS B3 =A] o &7 &
Eerror flow) ¥Ate] 213177, 80ns o2 A sfof vk
AL el AWGN 3H39] BER A5 Ak A
55 ®3ir}t PD2ellA= 7.45nsell LED19] 239}
16nsell LED22] )19} 52418+ o] 5 45ns74] kAL
i **Mt z2h2 *J:i Xl"ﬂ T Zheth oo
e} L, 30ns®] H|E ¢
Q] uj, AWGNUP —Lxﬂska BERJJr AR Aeg
sit}. PD39] 7Sl AlEE 4159 sj’lo] PD2
Hrh= AbE] glelA], vlE 71| Wislel| wlE BER
35 NAde] FEEA A== ekl Btk 40ns
= 4] H|E Frlom A AL wiab) gl
AWGN 3Hg3le] g3t fARRE A& Bl

I3 3& FPFCE & ), PDoA] FAlEE F,
7Hdste] sRle] Habee| weba $Al vlE 7k S
7tell W2 A5 7iAde] geds] viehdel 7 sl ¢
) oS- HL;(] 0}7] O]gﬂ/\ el H] :,L7]—o] PD1
2] 73-¢- 80ns°|3, PD2+ 30nse]v, PD3+E 40ns<l
], o] Ax}= RMS A1 F4ke] $x]of] n]|gt Fho]

1244

—E— Bit duration(10ns)
—B— Bit duration(20ns)
—Q— Bit duration(80ns)
AWGN

1 | |
1 1 1
2 4 6 8 10 12

(a) PD1

SNR(dB)

—O— Bit duration(10ns)
—B— Bit duration(20ns)

—&— Bit duration(30ns)

AWGN

w 10
10°
(NN D L | N\ A —_—
10* | |
2 4 6 8 10 12
SNR(dB)
(b) PD2
10°
E =[ —©— Bit duration(10ns)
C Z| —5— Bit duration(20ns)
oo T T T I T T 7| —o—sidumiondons)
[
10" =
EY L=
C r_
& 10°
o

6
SNR(dB)
(C) PD3

T2l 3. VLCY BER A%

sk
gl A U% E4J2l MED % RMS #|ad 2}
Abo] PD27} Al =3l IVAl42] BER Al
A= PD27} 71 A vhebA] B oA A Xg

A o] H-85-E UZSLh

www.dbpia.co.kr



= [ AHEAF $1H 7Ee] VIC Al 2l e ek A

B =k A g4 LEDE |43k 714
54 BA(VLO) A 545 ndajsla, RojAlgs
E3le] 548 FE35ka #4431k LED, PDO] ¢
2 4 FOVZE glslo] & =Follx] Algket Ad el
o wehr ZA ), a2 qlgk BAde) tloksiA v
epgtrl o] & Qlste] g PDA] 2] ofE Al A
2, MED, RMS Al 4k 7h8 w3l o, o7 4

Aol Bl BE el B s vk 2

[

el A4 = PR WS BPSK 7]

(1]

ROAFL Eslo] AekEl Ad mdle] $-84

o i

Y. Tanaka, S. Haruyama and M. Nakagawa,
“Wireless optical transmission with the white
colored LED for the wireless home links”, Proc.
of the 11th Int. Symposium on Personal, Indoor
and Mobile Radio Communications (PIMRC
2000), London, US, pp.1325-1329, 2000.

J. Grubor, S. C. J. Lee, K.-D. Langer, T.
and J. W. Walewski,
high-speed data transmission with phosphore-
scent whitelight LEDs”, in Proc. Post Deadline
Session Eur. Conf. Opt. Commun.(ECOC 2007),
Berlin, Germany, 2007, pp.1 -2, [06.11].

R. Windisch, et al., “Large-signal-modulation of

Koonen, “Wireless

high-efficiency light-emitting diodes for optical
communication”, IEEE Journal of Quantum

Electronics, Vol.36, No.12, pp.1445-1453,
2000.
J. Grubor, et al., “High-speed wireless indoor

communication via visible light,” ITG
Fachbericht, Vol.198, pp.203-208, 2007.
RAPPAPORT, T. S.
Principles and Practice. 2nd ed. Prentice Hall,

2002.

Wireless Comm.:

0] ® & (Jung-hoon Lee) 234
19991 24 Ad<tidjsta %17]
A 2 AHFEEE =9
2001 29 At A7)
AL 2 el At
20073~ A A22etr| s st
oL IT AA el vhaldg
<FAlidel tXEEAl, A

%X, LEDEA.

i
A

T

X} X & (Jae-sang Cha) X134
20001 ¥ H(Tohoku) st
A P e Ca )
2002'd~2002 gHdRkEAl o

TYUETR) FAANE 7E
Aa Al
200213~2005 A A
wsAlgstt Ak
20083 "®|=f Florida University, Visiting Professor
2005 3~&A A&t ]ethstal wAgsta) w
<FAlEel> LED-ID, ZHIT§E47|%, LBS, ITS,
UWB, 7415 ES=, DMB 2 txd w5

1245

www.dbpia.co.kr



	사용자 위치 기반의 VLC 채널 모델 도출에 관한 연구
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 실내 무선 가시광 통신 채널의 수신 환경
	Ⅲ. 사용자 위치를 고려한 무선 가시광 채널 모델링
	Ⅳ. 제안한 채널 모델별 BER 성능 분석
	Ⅴ. 결론
	참고문헌


