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Indoor positioning system of 50 cm resolution based on LED
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ABSTRACT

In this paper, we present an indoor positioning system based on light emitting diode (LED). Because LED is a

semiconductor light emitting device, we can easily switch and modulate electrical signals into lightwave signals at

high speed using LEDs. We assigned unique 8-bit ID address to each LED lights. Photo diode receives data from

16-LED lights and takes correlation coefficient beteween received data and each LED-ID. Using correlation

coefficient, proposed positioning system shows resolution of 50 cm in dimensions of 4 m x 4 m X 2 m.

=l i dAlo] sobAHA, 1A

)

oo

IR
E«] 2~

A A9, 71 9 5o FHE Ad LED (Light Emitting
Diode)7} AW xHEors X33t FH REE AL
=7l AESFSTE [1]. of7]o wgka=o], fu|AEH A~ UE

=
AAE fg oA FHAE2 71EE4 LEDE o83 7}
Al F4%E41 (VLC, Visible Light Communication) 7]
o] A 2= gl AAelt} [2]-[5].
LED W& o|&g /M3 4 T4l LED &% 7]
TE ol&3te] I FAld Fale] 7FsdAl sk <A
g T B TIER, 7EHeR Al T3 Al

of

o

W B A=RS FEShe lolth ol el A"
LED W& o]&ste= Zol7] wiiell, gxe] AA7t &
oletar AHatH, woll Holx= ZHAIEolER 8 B
A W47E Aelsiths Aol stk (6]

B =RoAe 7 FAEAE o] &gk Al 91X
2l Al2=ElS AlQbelaar ghrh LED &9 7]Hke] 9122l
2 A 2" g AR BAA daHor F5E
LED 293} o] o]&3k 7FAg-g4l, 18ar Aol
o= Ad UEYAS AAH oFoixmm Ay
AASAE A Mo VA= 7 2 A7 de §l
ow. LED x% AA7} wie- s AAHER de
g 59 Horn: Au XA Au=E AT

o)
pos

LED 29< 228l 4Askn /A% FagNoR A
K

*PFAe) e JRENTH 2ak U4

B2 A4 (esp@gistackr) **3=1337])Ed XTEYA 2H 1F (swookhann@yahoo.com)

A
% This work was supported by the IT R&D program of MKE/KEIT [10035362, Development of Home Network Technology based on LED-ID].
Hadah 220109 99 20, FAESRLA - 2010d 109 6%, AFTAAFLA 20109 10¥ 20

69



BAAZS-FAAA T =w A A5E A2

0. 7 A3 $419 g 2d

B oo A EAe] Y =l dia) 7)&ea
A @ AHSR ZEe WA LED e dWAlel A}
Y zh=v) dulkslE AW Aol WA} el FAL e

3} o] YR 4 i,

Ry =" eos g
27

(1

21 2ol A p= LEDS] A5 gk FAl7]eke] v
APHE 9n)star 2 me LEDY semiangle, ®1/2, 3
=—1n2/In(cos®,,,) = BdL + o

12 LED £4& o]&3t Aldrde] devgE

S

h

1] shepv]e

7HAE A FAlA ARREE FARE FE T
= WS FAEe AF{FE W3kSE Photodetector (PD)
9} wol=7} HE gekgol) thE FHe] WS X
ek FdE 2]l LEDENEH WAkH:= 9
2 3] ¢ Agg v
effective signal-collection areaZ “eERdITH

938l concentrators

W)= AT (y)g(y)cosy, O<y <Y
€ﬁ 9 l//>LPC7

$ 2ol AE detector window area, y
o) SHZd] gt LED #e] A weE 4
FOV (Field of View)E 7tk 12]al TS(yp)= B
Ej9] o]50o|H g(y) & concentrator?] °©|5& E}lﬂj\:}_
LED 9 A% #4915 PT, 74 AL g8~ 9=

ESRER=?

hvekar sils o, sAld Faksle]l d+#& PR =

):fm h(t)dt 7

HOPT = yehd & 9dom, H(0

70

A}t H0)& Channel DC Gain &2 o}#|9} o] &
Ho} [7]

A;WIR@)/d°, 0<y<W¥.

H(0) =
© {0, v >,

©)

S Sjol 4] diz LEDSE 4171 Alele] AE ojul@

. $1XA4 A5

gEe] gtk 19 2 =
X 2 m3Z TAE ] 9}1 LED %% Afo]o] 7-AL
= AAsielvh. 19 3% el gatEo] gle LED
go] 92E HeErh

é 4 m
5y & & &
4m -~/ & -
-y vy & o
P’ & o ST R ¥4
2m
| T
% 2, LED 21 7)Wke] A 59 AjaE mdl

%ZD]A %DIS #EDlﬁ

EZDIE] 5ED11 ED12

LEDS LEDG6 LED7

1.5_.

4
ﬂEDlS
35

i ED9
2.5

y [m]

-
!
=]
@

LED1 LED2 LED3

0.5‘?

0 0.3 3 15 2 25 3

=
]
=
=

w
in|
|

X [m]
29 3. LED 24 59| 94

A28l Bl A A-E-E

Fo wepnE e FAE e
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E 1. Az=d 2do wejulE
Transmitted optical power (Pt) | 20 [mW]
AraSiEter ) ele at half pover (@12)] 50 [deg. |
(LED) emi—angle at half power (@1 eg.
Data rate (B) 1.0 [Mb/s]
FOV at a receiver (Wc) 60 [deg.]
Detector physical area of a PD )
W 1.0 [em’]
Receiver Gain of an optical filter 10
_ (Ts() )
Refractive index of a lens at a 15
PD (n) '
Room size 4x4x2 ']
Room Distance between LED lights 1 [m]
Number of LED lights 16
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LED # ID LED # ID

LED 1 0001 0001 LED 9 0001 0100
LED 2 0010 0001 LED 10 0010 0100
LED 3 0100 0001 LED 11 0100 0100
LED 4 1000 0001 LED 12 1000 0100
LED 5 0001 0010 LED 13 0001 1000
LED 6 0010 0010 LED 14 0010 1000
LED 7 0100 0010 LED 15 0100 1000
LED 8 1000 0010 LED 16 1000 1000
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