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( Estimation Algorithm of Receiver’'s Position and Angle Based on
Tracking of Received Light Intensity for Indoor Visible Light
Communication Systems )
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Abstract

Visible light communication system transmits data by controlling light emission of LED and receives data through photo
detecter, which is considered as one of strong candidates of next generation wireless communication systems. The
transmission capacity of visible light communication system depends on light intensity emitted from LED, sensitivity of
PD, distance between transmitter and receiver, angle of incidence at the receiver. In particular, the receiver’s vertical and
horizontal movement changes distance between transmitter and receiver and angle of incidence, which may degrades
transmission capacity of system. In this paper, we propose an estimation algorithm of receiver’s position and angle based
on tracking of received light intensity for indoor visible light communication systems. The performance evaluation of
proposed algorithm confirms that the estimation algorithm of receiver’s position and angle is quite important for visible
light communication system to improve its transmission capacity.

Keywords : Visible light communication, Estimation, Received light intensity, Position, Angle

EEEIEPEDEREEA R L e R L .M 2
A3

(School of Electronic Engineering,

Soongsil University) A FA FA Vs 53 #HS B A
¥ 2 =2 2010 % AR (uS3strjeR) o] Al A o] & orsl 29 MH|AZ0e] AZE 7 o) 5k
= aaTARe AN o wAn AzdyA o) Hoe SRR AT AL 6
e Adl &8 Anas Adste T Sl 7

¢l (No. 2010-0011275).

Hdak 2011692919, 4489 2011939174

(282)



61

=2

(]

A3

| ==X H 48 @ TC

2011 38 MxtSee

_ ¥ ﬂmq%ﬂ ﬂgifrur.ﬂéﬁﬁﬂﬂ
s W TR o T
i 4o T o JdomEEE T S Ty
I 5 No— = oo W g o
I KMS oo % <4k _w ur " N ~ o W
T2 M8 Sty PV e e
EEIRETH SIS L S S S 20
< c eﬂ.ﬂAoE uﬁ,@ﬁﬁlﬂaﬂo < ~
ATM .mennATﬁ__. quo%ﬂﬂH?utﬁmﬁﬁo
AL 2ok < o TR o P - X o
1P eIy rRuzoslsozy
2 =Moo s AW Ao O (X
a WE ot x Nog e of T o
@ A9 T HF R @l R
IS > 8o ﬁm I
IS WS =T om Mo R = 9w N o
= - ok g EJ]M WmATATmMMMwﬂEWMLME
o st = 0 f
n as g Terw L ESmIgr  Toartg
E- S 3 ez ﬂﬂrﬁifwr.%mﬂyﬂﬂﬁMOﬂmeg
7 .- > - N D R
el i Py ST bt g
& e -~ ol umﬂwwﬁoﬂﬂmm%%me%ﬁm_xﬂmﬂw
H0
S 5 & My TP mao =" ePayedoh
i wl A B°dF 7T~ =T T T N = = W=
wmmwm%ﬂfrﬂ\m mm_mﬂﬁr%% &Mﬂ%ﬂm B ow T e ) wode U o ® ook
- o — ~ y — — - ;
77mawfw7mﬂ%m SHTSE T L:__wﬁi@z %%ﬂ%%%z.% ME%%%
e T ook T2 TS B R RAT S Hwm s gy TP T
Four o o.m o S e i Dw D F Ao R ATE @y %o N
L5 iy =2 8N e A= By X MR ° "2
zT.Eo_omld_lmAﬂlﬂﬁm Lﬁ,x}__&o M,Wouao 71F]LE,[UI,Z1__/I o il =y do ofF ~ W
™o . o 0 B — T oS o BEOX XY o CIESE) <] AR olo o N
ﬂﬂ_ﬂﬁy%]obt S 8 ﬂLﬂLWEoMoﬂJﬂWLUrﬂqu ,OM}oﬁaﬂLmlﬂH]Lﬁo Pﬂoﬂ‘ﬂﬂ_oup
TR L PEREAT o gl gy R T e g B g TR DB BT
RET T W BT R g R g e R BT AAT AR T T B LRy o
. = o - - =" 63
- = R e R e N R T S = LE R
FT R0 BT DL mmm_mo%ﬁaom@%wﬂ%fnﬂﬁﬂ%%%mo%7MM£]WH
e = X .2 ~ =~ " _ "o — = sk N )Xol 0 N~
Tl a o 8 T m - %M&M#%%7Woé%ﬁ.ﬁ_%#%ﬁeuxuﬂﬂ%@ﬁ%%
TN T ° TO Q A O T e - G T IO S= B T o
bR  FTVAT S BOH b gy YT oy YT PEZhpToleL (T
L Eromgne TR FTEon el N M o5 B -~ A
o wr R do Jy o O L W AR T R T N N e S I I Momo of = X 4
<3 o OB o 2 o X - o ™ Lt]ﬂonA = Ar o o A R <
SURRCTI T T = BC N o Mo WA xgiar7%%%ozmm oopxe X0 R AR
ﬁcﬂimgmwyogﬁ[arﬁ»c%{zA%%%@ﬂu%ﬂaﬁ%m%,Wﬂﬂm%ﬂ@a%ﬂ
FR P AN ggh T B wm e m T pww o Pk D T D T od o
w " R 2 TR T T W o OH PN TN T RN LT oo Mo D ST T Lo N R ° o w
Bo il fr e R g 8o o™ g R L R B om W B
= =, T SO G S = S o A U IC N IR, . S NG G N
Mot LC.WNH_NLEOvo 7.m W omr ) B UEﬂlﬂ;lUrmG7Jmoaﬂ_o%ﬂ_1mﬂ_AlﬂT0tA‘o| T
T RNT T EFTTT EMR NI T EFNRTE MU TH L d R A

(283)

730l

)

719} @) 7 vk=A] LOS (line of sight



62 Y g FH SU ALH 24 B Het

Io. g A4

7b TN E BM SHQ S447] X

7hA1g Fd BA A 2Ele LEDS] ON/OFF W3-
Alojste] AE A5 e HFdh o5 AN A%
4 BAlelA LEDE UAE A58 A$shs 47
o 9%s s, XS 7Hels W + U= PD
7} 1719 9Ehs dsitt o]k LEDSF PDE Al
olgtA], FA TAls sy feiME 19 29 2
& SV FA79 5 D F2E Aok g

ol HU} AAE] AR, Fal7]e] A9 AR
HlolE 255 ARz FAY, g 48 53
3l =% £ PD (photo diode)?t FA1E 3 A&
g Hxs7] 98 dely Bx 322 Atk WA
$21719 AYF+= LED 75 329 HYSs A7tste]

LEDS ON/OFFo| Ab&3:= AgS AlEsh, doly

AaFs 9FdA FEE gA"E NS doly ¥

.

Z3| 2] Addste] deoly ¥z 3= o el A5d
B23 Wz 25 53 dolHE Wxssd Aled
thoojg@A WzE dHolH AEE Aojie] Az
LED =zlolHlE Ed) LEDS %d dAsdE ¢ e
Aoy}, jHA, FAal719 A9 PDE &3 41719 7t
AlFAQl LED7F AEst 39S lsta, e 3
Ao doly Bx 32 W TF 55 FY 549 &
25X 55 #el g3d E5S AA dlo|g F#aly
2 At

Lb. 7 24 S4 AAHQ Y 2

T T A A"l LEDE o83 3 Al
& T3 7 49 vy dAES Fasty] wiel

olwf, A= LED %] 972 xdH =, ol #
T A 29 Zol Ak, 3<% @(luminous flux)«
2] 33} o] ALt

do(V)

=000

(2)

S|
Al

J1gh S| IR R 4 FF 212 E

ot
MM
ol
o

3)

V(N + iET #%E 54 (standard luminosity

i, K, = HAd 7] BEE sk
B 7RG 3ge] 55nmy W H
633Im/Wel 3 ZH=th oo we} LED ZWolA &
2 49} Zo] AT oy ¢,

AT 5 e gl
LED olix % #42 2rgjgos 4usn,

oz whgE= LED d¥ 9] A7lE

Ay, 21
P = f @, dfdA

Apin 20
F9, LOS #-7A Ade Aw

H(0) o5 2 59 #2o] At

{Mwsm O, WlgWlosy, 0=y =T, o

H0)=y 2nd’
0 >0
olwl, 7.(¢) 9k gy)= 22t F FE o]5, F& o]5]
i, v 4 PDO FOV (field of view), 4+ 41
PD A3} WA 4% LED AP F4¥ @ir]e F4
S AAsE AAAE, mS Lambertian YA AFES
ofmgitt, w3 ¢, = A7t a8} 7IFoE ST o

Aeg

w9 FHFe] o Fi= SJulgiet, olu]

] 631 7l oJe AefHrt. oju) n

Al PDe] BRAL Algroltt, 18 32 7HA1 A EA A

N

=
rlr
)
)
al
>
_1

LED AP

h=%0|

d=LED APQ| +at7| 7te| Az|
@=LED AP HfAL X Zt

w= 7|0 YAzt

d
h
Y
)
CHe7) i
A4
T8 3 JHIE RM S Y 2y

Fig. 3. Channel model of VLC.



63

s

(]

A3

| ==X H 48 @ TC

2011 38 MxtSee

Directional Sensitivity Characteristics

FTTTTTT

60°

Half Angle
\

120°

60° 80° 100°

40°

20°

5

145
= aE=1

71 1% el o)

12 4

o

Aol A=

=
-

5. Sensitivity characteristics of PD.

Fig.

A=

g8 19 49 2ol

3

LED AP$} ©&7]e] 91x] wWslol] ufe} 2y

=
=

],93\];]_[64]' o]

ESke

o

El

7] 4l

8(]_3—5‘

o~
T

of A=Al A&

at7] w

HAl w8t

9]

s

e
dl, o]& 10cm ©]5 Al Hi °F 0.8dB] 771 EA
L=

g A7le) 27}

BK

i

ol
Azl

°F 05dB 1

wioll A= Al 7HA

LED APS} ©it7] Aol o]

]

ole]

p
.

100cmoll A 32 QoA 20cm 7HA]

2131 20cmol A 50cm®z o5& A% oF 45dB9] # A

)

708 2ol 7t

71

o

Aot 19

e

kIO
[
O
oll
R0
K
NI
=z
<
oK
W
OF
Y
ol
i
=
S
l
o
—_
N
=
N
o1
ofF
o)
=
o
WK
ok
A=
i
X
s
% N
|

]

o] "ol ON/OFF

A8l

4

dug]ES LED APS ©i7] 92 A wAA nsh

)
=

o] A} "ol 40" ~ 80 Alold w

N
=

Hr

il

]

34 o

Siek. whebd

>~
T

A
K
K
Mﬂ

o

do
il
Jva
N
1H

™o
<)
nt

p—

"

N
o

A

7o) Az ol ur}

% Al PDZ

<A o "N
o o o O E _,
oy Ao o o X
,AL ﬂAlL I%H_ ri N
il R .
o Ll NS
Kl o~ T D 3
N T o= Wm E3 e
il = n E
< o= M O o
< I I
z1 mrg LN B
N Qe <)
7 R
o- %o N 3 o
™ AN B
Mo H @ e W
< . t%%@m
~ O =
=TT XA
o Bow o nonoR 3
< ‘Eﬂuﬂo‘aoi]y
L i} jfuy
N HOK] we Re m |
I el I
0
0 |a
H
“~ b
se—{) El
AT / " M.q_nyU
Y / -~ SD'M
g
KM
fue
58
i \\\
L é
=009
tii,rfr.iﬁﬁrlrra m

ok

g gl w24

#0)

(o w

Fig. 4. Receiver's movement model.

(28%0)



, ) o oo o ®
= T oo T o T AR T o0 N o = % mﬁ _&. w ER I o
= =~ ! — % = =
iof S N3 = op <4 ol of T og5x B W kW " ™ o T < N ~
ke g T OB oy R N R ol o Caw e mooT P
o0 5 o X o P B I = ~ w il ! X X lo _ o o8
m%armﬂﬂ&.m_m%aru%ﬂi% ooy R m o N
O 10® —_ g s —_ ) + —_
8 L ¥ W%HAM%WW? NN oo éh#mm%
o G Y 0 = M e Xy > DK W 2y E o=
s H = m & © T of W B oy rdiS ad
r 3 ® W Tl BOE AT T A m
) A MOWWMmMDmﬁDMMWﬂTﬁ @%%mﬂﬂﬂ Awﬂrwrm“ﬂ
I= = oY WY m op @ ™ o © = W o B o
o B 3 T o= 8%y w Vo R o T Ty
. § ETFLTyusioTilE mEeEFE 28
i RN A e s B ﬁ@gﬁ%wwﬂagam&a
= e M0 — = ) ! | e
) 5 r_hmMEmuummowooﬁEEmﬂ_a w__zvmwan%ﬂﬂo%iuéh
< ,..m D1 — . L OE a f 17Jl E 0 < 1r_! ‘HI ni ,Ll_._ = Jl AL O ﬂU &0 S
<+ o Nl m T XU Sy s G il T
5 g M T s 5N T o o o N up
- s iz rra_Filg i R
ﬁ © L._l s < AT 5 -~ - T K~ A ﬂo —| = o A —
oF AN ~ Te° urom X KOEK JOX R — ~
5 R B R TR R EE D LTE
Gl i~ %%_UTﬂMﬂ+mmzﬂmMﬂﬂl o S -
o T — = ok 7S o g i ~o T T By N e W
= S uuma I - TR R R e W
o 2 o5 o
~ oo :
&r
_ﬂ_. TR QR A N
~ »A.._ 7.A ) Jast ' o=
) oF K WO ® o) ® OUn Y = T AF == Ho ol .;,r,L
5 S A 4 T ke o >
H ~ oF E#E g io N KIr KH 1_r/ J;ao X EE i = P
= G B G - o . 8
< do I T Lo B E = = £ il X ogroB R =
< - " RO T B Yoo N S _ e =X e R =
¢ (i TE APy o . ol g BRI I R
o1 o) o H Qo X Yo g i = Mo e % N e
i E| Ne o — T XIwN .on 2 RO G Oy oo o
A ol ™ o Mﬂ MM o = NH Wuﬂ R __,Ab /s |__% g o M o ,mﬂ pm_ oo 1ﬂ_v| eﬁ - \W
< < 0 o 1O o ) ! 0 v =
<l RO RO ﬂ_ bgxmb ®a 1. H = w5 sy PN g
1o K- MO 2 oA Ar o = = < = o — © 2
" M e N oy W L& | g oo %0 B R S
o Y OBt ZEEnONw® T . R 3 e e s s T =
oF <l El o W "o o Ty 4o o o <8 Hr mﬂ o g HF ™o —
#o g NTE gl oo O . s gy AT *
S K T axa OF x° = s ﬂd«ﬂ%ﬂ%ﬂi g
& K MMT%%Lsz?ﬂmﬂ e m_mw% %.ﬁ%@@ii B —
= — = X% = G ) = & K= 2 s oy L o=
3 K K o= o o mo o o Ex T 3 il _ W
3 v RETXg T TH = \[= Wwof W T s m oy
RO ESRy R a & CHE e Bz ® 2h T g
@2 R OKSOENRESE o ol Tl e wm LR %
o > — < ° 7 D] = O © L R e ) o T oak
il oF ™ = = Z = X A J) — N
U i = M - - oo o X
. = B LN % o S - A TR
- u.lx%ﬂlﬂoﬂ._ix{%Vx H 2 S ™ N o
= C I

et 7

3

o

3p7F 2A

(286)

®)

2m P,




65

tetolH

Simulation parameters.

2

(]

A3

Table 1.

==X H 48 & TC

)

2011 38 MxtSee

27rd2P,.
(m+1)AT,(¢)g()

cos

B oy o @Emmmﬂw%%ﬂw ™ " Hp ﬂﬂmm%rgﬂo .
TR gL o, TR G T R - | S
2 o X X % 2 * A W, RO R i
= | N M%Wa@m@%7ﬂ s r "alBcg
0l olo el 8 R o 2R, gn e N R e R 70 m
S8 E |~ |~ ||| R ], [ mwﬂd' %AW%ﬂﬂEmﬂmé W%:ﬂ%.éiﬁ% =
x gl g BRI s B m RT B Dy d Y 8
Te) MT ™ K oE = ﬂr :._o ﬂﬂ = ol AT ﬁi ™ 70 zT T ~ ﬂﬁ_Al ° AT o) s lwﬂ
— Urmﬁmﬂ M‘_ W ,mMﬂmew N = = o _n_o.u%ﬂo 1 oF of .m M moT =)
gpon TPV g T W pwmw DB e —
g ﬂ%@ﬂ%EWMﬁ%A O#EEE_}@HE%% N
= T ol 2%t TaTwgThy o wHLGgH R T W
s 3|88 AP E WML md e W .
[} B B M))]mﬂ/kw% Eﬂd(r\ E,.*u_looc W,A yﬂA,l”UT_ Jlo,NLﬂDIU ﬁOEAﬁio ._z:;
ﬂ%@HmWWWHmm(7 = 5 2o 3P DA TR wmeATﬁlhc%zﬁm @_Edm¢
g ] S P I P 1 o B o 1 B LAW%W.@O_EHEH% Anﬁdﬂ,@mﬂ_mﬂE?ﬂHmﬁmmo
— === NS < > ~ . o) o
m'xmmm@%%@@,%%/mo B oo H- ?ﬂzﬂ.@rﬁwroNlﬂrzﬁ,mo%zf%ﬂ%%%mmwcﬂ
| Bl = | [4 [|o [N [N | | e 5 [ o o ﬂ5~zTﬂd|.ﬂ~3mEﬁEﬂ%ﬂaﬂ8amﬂ oo B
BEEEEET P 'ee g, T e B g H T LT e
Wil g P d sl TR R T M L e PR E S B RET AN LT W oR S
e % 2 2R T o T ET s Lo o o @ T o
B F PHE R T S S E A NG ST R I
< X T o F O e TR R T W : S @
v W N B oo W E o N BT o T Al TE P OER KX
E% N TR R o4 MY WG PR T R I ol LI T
E o8 T~ Y oF wﬁ iR R gy BT N e RO gy W g WR 2o
R I R I o R A . < Jo
Tl Pags e pene o TE Vo W T W R AT, BT < %o
B E T CERNUNE “E 8 =L - < I i bo
7 5 W o M </ ~ ™ T G\ ™ N o x | ‘o
S~ e B ST T s Tl D A o T A
QoH o N pi o @ oy N ome o & < a-
= dl_,]o,ﬂ <=0 R o o = %0 oo T W Rl M oy
- BT E o e Kooy T o m w0 o [
X e g N ﬂﬁl%ﬂ??% MCVE%ﬁo%NLEEz ol < o
Mo o m A T s N Ty T I S AN R
p i AR R AR PR ZREU e 5 A+
’ Joop PR — g - o= < RO ) F oy ~ X W o x 0 =
e ot pY TN e N N = o) <A X w AF -
R T NR R TN g BTN R A e B ooa oy N
w oI ENER TR N KT HE g ¢F3 T8 = LT
; o o o M & R oo O T T Cw . o woRor T SRR i (S
ﬂ%%ﬂ@%g1,ﬂOMMMMA:_E%w RN el o o
5 ) IN 3l o ! —< 0
i Wﬁmﬂ%ﬂoﬁroamzliuﬂmaﬂo%] uangodl.ﬂwﬂeﬁﬂ%% =
Bix she Pl igdarler FRaztae¥adiy T
T e T R I e DO g SN
%m.x%%m%ﬁﬁ@%ﬂ%ﬂﬂ%ﬂ% Wﬂ.ﬂr@?ﬂﬂ%@mﬂ %mﬁ
—_ ) ) — ) .

NxRw —me TR 5w oo % R OB o M?@ﬂ%ﬂi%%%%ﬂ m
ToHEaT RN WU o R E Y B N oF o7 o ol R OB W A B o

(287)

I 22 A 7

o

=1

il o

S

571 9

S

Al
&



o]
Kk
o0

66

450 4

400

re
< * &
Lo
// F2
w0 » L <
£ EE -
o +
I nn
o0 O Lo
8089 -~
== e
v O O r
o o o
g o
cC CCc / -
v o O
EEE F
v O L
555 s
RG] e
O O O L
v O O
=== ©
+++ L
; ! L=
H H o
T T
(=] o o o o o o o o
o 0 (=1 ‘el (=1 w =1 w
-+ ~” ~” ™~ o™~ - -
[ww] Jous s2uL)sIp UoneWS]
L] =
=1
L} F o
- «©
-~
(=] =1 (=] =1 =1 =1 =1 o
0 o (= (= w0 o w0
o™ o o~ o~ - -—

[ww] Jous soursIp UoneWNST

Moving speed [m/sec]

o

Moving degree ["/msec]

8 7

=
e

=loi|

us ]

He| @t

4

0

K
s

tol - cct

8. Estimation distance error with moving degree of

2| @At
10. Estimation distance error with moving speed and

Fig.

Fig.

device.

measurement period.

5
3

—e— Number of sample
—a— Number of sample = 1

—&— Number of sample

T T
08 1.0 1.2 14 186 1.8 20 22

0.8

04

350

o o o o o o
o 0 =] 0 o 0
a « & - -

[ww] Jous souelsip uonew sy

350

300

o o o o o o
fre] =1 ] =] D
] ~ - -

[wiw] Joua aouelsip uoewnsy

Measurement period [msec]

Moving speed [m/sec]

7z

4

<0

K
uj

#3tof|

H

7|

K-

KIr

LH
o

<

<+

il

[=PN?
9. Estimation distance error

d Azl 2

with  measurement

Fig.

Estimation distance error with moving speed and

number of sample.

1.

Fig.

period.

Ptk 2golA =

} 3= o2 7FAS

1=
[e)

¢+
|

,ao

3L
AZ

o
A%

3 7 A

ejel A %

Ho] &

i
o

N

A

Fohske A% B %

a7

4 Azlel 247 34

A A LAt

X
N

1

e

&
N

Effell

72l @Al

3msecE Il

R
e

4 71

Nr
M

o
s
A+

o}J
—

TR

N

vzl

X
Nr

ojth. el

)
xr
g

ny

of

],

.

fvze]

X

N
)

gt w}

N

0

o
oj
DK

(283)



20114 38 MXSE3

% R

Hﬂ

©>

s

do oy ofy ot R
g

t
> H

o

12
J
e
_lﬁ m1o o_\‘i,
> ool o mN ot N o

e
ot

_O|L
B
)
N
e
=

-
]\ ST

:?L_‘,

gV

o e 2
o N
@ 1o
2 o

£ o

2
=]
o
o
to 1o
N
ﬁ, )
rlr
4
>,
L
N
~

ot

~
)
(B off
fol ox
AN
oxl
=2

e

£ L 4
ol
K-
4 =
> o

Y

>
o
N
>

R
ol
QL
R
£

SR )
AN ofm o HT
>,

ot

®

)
o

i

o
o & WL
o
- Wl
LEIS
:(7|L_"

Hody oo
o
N

-y r,
LY

S
= ox
— 0

=)

offt -
27

ofk

oz

o
RS
oo
L ooiN o

oft

o
e
i
>
o
°

(
=

>~

)
=2
x

2 o
>

o
2 o
ox o dl

ofd

4 B 1
off
>,

i
ox.
o

o, > xS my [ fo AN i mo
i) o\ lo g
¥
o,
i

%0
— 10

=
N
£
o

%0,
o

[1] Y. Tanaka, T. Komine, S. Haruyama and M.
Nakagawa, “Indoor  Visible Light Data
Transmission System Utilizing White LED
Lights,” IEICE Trans. Communication, vol.
E86-B, pp.2440-2454, 2003.
http://www.ieee802.0rg/15

Az, ddf, et “LED 29
A FAEA “&kWV\”ﬂ”ﬂ%%ﬂiﬂﬂ
AR FA1 vol. 25, nob, pp. 3-9, 2009 4€

J. M. Kahn and J. R. Barry, “Wireless Infrared
Communications,” in proc. of IEEE, vol. 85. pp.
265-298, Feb. 1997.

T. Komine, M. Nakagawa, “Integrated system of
white LED visible-light communication and
power-line  communication,”  [EEE  Trans.
Consumer Electronics, vol. 49, no. 1, pp.71-79,
Feb. 2003.

(2]
(3]

[4]

[5]

==X H 48 # TCH H 3 =

(289)

67

[6] H. Elgala, R. Mesleh and H Haas, “Indoor
Broadcasting via White LEDs and OFDM,”
[EEE Trans. on Comsumer Electronics, vol. 55,
no.3, pp.1127-1133. Aug. 2009.

K. Cui, G. Chen, Z. Xu and R. D. Roberts,
“Line-of-sight Visible Light Communication
System Design and Demonstration,” in proc. of
CSNDSP, pp.621-625. Jul. 2010.

[8] http://www.alldatasheet.com (SLD-70BG2)

[7]

YSIPN A
g F 3(H39)
20049 AW FREFANHAA
TR (FAD
A 2006 AW ARFAHA}
= o (T
‘% 2006 99 ~ @A %2 o)
e IR R P S
(kAL
<FJAHEoE ¢ OBS, Optical Access Network,
Wireless MAC  Protocol, Visible Light
Communication>

of x| =(AH3)

2009 %%1 "41 Sl QR FA A2

<FHAFok Wireless Mesh  Network,
Optimization, Visible Light Communication>

S @ AR
1989 3o st WA Ak
Foha} (FoHAh)
EERESIEEE L
(334D

20001 SUNY at Buffalo Dept.

of EE (& 8HA})

19914

20009 9¥ ~&A AT AR FA A5
5o Fag
<FAAEoF ¢ Optical Network, Optical Access

Network, Wireless MAC protocol, Ad-hoc routing
protocol, Visible Light Communications>



