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Realization of Hybrid Localization System with Lighting LEDs
and Ad-Hoc Wireless Network
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ABSTRACT

A simple, accurate, secure, long-lasting, and portable hybrid positioning system is proposed and designed in
this paper. It consists of a lighting LED that generates visible light data corresponding to position information of
a target and a Zigbee wireless network communication module with low power, security, and service area
expansion characteristics. Under an indoor environment where there is 23.62m distance between an observer and
the target, the presented hybrid positioning system is tested and is verified with the functions of Zigbee three

hop wireless networking and visible light communication (VLC) scheme. The test results are analyzed and

discussed.
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Table 1. DETAILED SPECIFICATIONS OF THE

PROPOSED SYSTEM.

SPECIFIC
ATION

DESCRIPTION

LED LUWS50343, Photodiode:
visible TSL252R .3~2.5 m between the
light center of LED array and VL
module receiver,  32.768kbps/115kbps/4Mbps
Noncarrier/ Carrier OOK NRZ
wireless IEEE 802.15.4(PHY/MAC layers)
module Zigbee 2006(NWK/ZDO/AF layers)
2.4 GHz/16 channel/DSSSQPSK
250 kbps/chip rate 2 Mcps

overall 115kbps between monitoring node
system and system controller,
speed multiple (3~7) hop transmission,
positioning  Max. 140 m , 20 m distance
area between nodes

)
04 "H‘“-J AR} iﬂﬂ K vES] 7%
ID tlo]ElS ARFAWS] 7RaAR] ool el
(Lambertain) 402 7FA3-S vl=A]71c)

@ LED ZHollx] w== 7}%]% ID dolElE =%
erh Al o, Al Al A 2 7P
7] @49 <k D‘rﬂa ARAZ AlFo|aL
ZF ¥l Aol &3k A5 A gl 3o

@ Fxwoe] A sRE Al mES f;xg
LED Zeld] A58 7% 15F 54l
5, 912 Hxel K 8= 7% ID tiA|
dleTef 22 Mlﬁ}b e 3 gt

G Hxws, FALE Fro ko] XaH] 54l
RES BT AaH] 34l ZEEZ(ZigBee
2006)°] Hlald L Bl ki Fo| A
A JESzE 739l 7 2ES [EEE
802.15.4 ¥FI& whzn, shiel =] vEg=
oAcelag FA Azt Aam] FEiAl wme
Azm] ke, 2ela Aae] sedele] 9%
& el 74 WED BAE T,

® A8 FA vEIAFY R (EEED)E
Azn] S99 BhE § 10l FA dEgas
&3l ZodlelE(Fem)el =gt 7 €17
RS AL

@ $1A AK<l 7% 1D

|

N

dlolBl S ARk 2|

176

Frjdlele= “HiE vy} A AR Qe S
9] AIpE Ul 2zEolE ARgsle] Alxw]
Ael71el PC pdell FAZICE

2.2. 7t A EHollMe AT FH

a8 194 7M1 ID ARE e A
A Adgge] ohzl, 380 nm~780 nm IS
THe 7 Al A gHeR g 7] ek
a7 2 7ASoleh 13 264 widLED ¥4l 7}
A% Aze] FAl7]el WA ID ARAZE $4
7] o] $IAE dElge K n|ES] o]l vAd
dlole] Aol thga} o] & 5= Sirk

—{a
o

N

EA (t—3i7) (1)
j=o
A71M, A; = T FE £

A
] stguisew A5 =7), p( - )e oA T
=] tﬂ-/‘ ‘o‘:]EH T= 3} H]E Xﬂ'rr/‘]wl'

=

a9 29) jelLEDel $41sh Frlele =g
FATels] A AlES] Sl Ade A
A5 Fue WIS AAE MR B2 7
A o) AP AxE Paeir 7] 204
A QEe e h(t)E chew 2

Pote(t) = hposd(t)  + hpy(t—7) 2)

047]/3, hLOS—E‘ 7517(378]& /‘\lj_o/] iﬂ‘é 0]-.‘.,—:—0]\:4’
hpiy & AR Azl 27 Ad o5, 5( -
[e]

L Qg TE s A5 A7) musls
A7 R} AR AlEe] A7kafelcy. 23] 29
WRelA A e g5 h(t) 542 o= 7t
Al e 7H S sledl, a3 19 AlaE e
tloJe] FAle] opz} HESIA FAE Sl A

dme] Sl BAo] FalziAke] A
27} g, g N davbe] FE AR A
He Adem Az 5 giok i, ibdE A
& A @A FHF A A e

7keke] 2 ek

~—

_

Pote(t) = hos0(t) 3)

www.dbpia.co.kr



%/ LED 293} o|E5 T4 WEGIE AT sfoluels 29 A2y 7

5 0= = o oltk =
A} #Aleg LED7} 7MAS) AEE wEsl

A
WENE pF 7IXE LED 7MI%e] Zrdri

o33 22
1+ m m
Ilp) = 5 COS (p) 4)
714, m=1n(1/2)/In(cosp,)y) 2 m

HHE ?l‘l‘o]‘:q, (,01/2’C LED Z"ell =A%}
AL el i AlAle] Zhew,
P12 =060" 1", m=1, I(p)=(1/m)cos ()
= 2kks] ek e)w AP 3 Ale) g
Pre o3t 2k

Pr=1(¢)Pxp )

1714, P;pp = WELED®] Aot} 272
A o] 52 vt 2ol TRk

D2

A, Al
s Agshd y,,.(t) =
the3} zo] Fafjxich

Az (D), @A, T2l o
x(t)*h,, () +n(t),

1(p)cos(v) G()g(y)S Ki

Yoie (t ) = @)

Aip(t—3T)+n(t)

A714, n(t)e HE dolm w9l ke 7
= 7R Aatakgeltt

a7 164 FEes=rb AXFRAel Q) LED &
g A ZAl ol& o, 7k AlEsl ID AR ¢
A7Teel W Sae=s AAFES] LED wid
9 AR FE AeE AR SAE vERL 7HA

ol

ID (OA)hex EE ()] K wEe] A%
ID AHEE alste] sisshed], old 418l A%
= (7)*‘0% Rel, A A% o, 2=E [(p),
a2)w $4 AR DYl FgEieh Wl SEw
=7 N AR 9148 o)Eehd, HiEkse N
ARrAde] LED ZwelM sl ARrAl 125 £
AlgE 7% D 3 (0N )., & PAlSka, S
A=

=7} ke @A 9Hel dg Aug s )
A, 7% ID A1E9] 4145 =7|(RSS)S el
e WA e Q AR1S s AT

fomre, Bameld wE b D del
ele] S4AlE APlE @Ae] Hek seln= =
9 Aze) AA Fel AR D A AlEe
27 Bl e} ARl AMgET

2.3. AlAE”H 72X

2% 19] ARl e} & 19] Alawl g
7R slelrEls E9] AlxHle] AAE fs
H 29} Fo] Alzd FEE FAYTE 33 204
PC 7]8Fe] X|AH Ao]r|= Fxee) 2y Bl v
Ao AAE, Frol v A UEYIA
oA HEYZE A3, HEYT F4E A=
Frdele] oJae g Frse T )L
APGAZE 7157} Aa8] £54 28 s)se)w, =
Axcol Hd 10 mW EH9] 28] AlEE w3k
g}, FAmeE Aan]) UEYIA A 2HE o
F& Gestel, elolelt AR Ve g
R e R RECE e
= %/\] Hanpalo g odAo] ww, z|7B] Al
E_HEL /x]- ‘j/]l‘TEi = Z_r,]- /\X]— o:]zﬂ—,_ 3],1::]’
chielelsl eheElst A vlESIE Fas B4
o}

__Pi ol

HJ

ot

117

www.dbpia.co.kr



FEAIEFS| =] *12-09 Vol.37C No.09

system
controller | ‘

e

< ﬂ /) l

Relay Node

LED light

! Q/ 380~780 TGHz/

'
Max 10mW | visible li
! § ght
ZigBee Signal
o neh Menitoring Node channel
2.4GHz/ \\
16channels zN 2
ZigBee wireless ge g :’E‘
Coordinator channel EH e

visible light
receiver module

m
3
e
o
&
=
I
@

T2 2. se|uls 2905 918 Axy P
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1% step: system preparation, construction of wireless network

+ Power supply each nodes, Operation of system controller
+ Zigbee binding p bet 1 main and ing nodes

|
brid positioning start

] Yes

No

2" step: data collection of visible light ID information

« Generating a 8 bit VL ID data from LED light (100msec
period, 115 kbps speed, OOK-NRZ modulated ID signal, nine
white LEDs with Lambertain optical characteristic)

» Receiving a VL ID signal by photo diode and optical module
(LOS model, shortest distance path, the visual light signals
attenuated by path loss formula)

» Recovery of VL ID data by band pass filter at VL receiver
(demodulation, detection, filtering)

I

3 step: Zigbee wireless network transmission
+ Transferring the 8 bit VL ID data into the monitoring node
* Wireless network transmission of VL ID data by Zigbee
MODEM (DSSS-0QPSK modulation, max. 250kbps, 2.4GHz
carrier)
+ Receiving the VL ID data in the air at the whip antenna of
main node ( llation, data ion, reconstruction)

1
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Final step: Completion of position 4 step: Zigbee multi-hop transmission
+ Transferring data into controller » Enlarging the space between
* Receiving the VL ID at controller monitering and main nodes
+ Displaying the data at the screen + Inserting relay node between that
of system controller » Building up the wireless network
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Fig. 5. Signal flow chart for the proposed hybrid
positioning algorithm
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Fig. 7. VL transceiver design
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Fig. 8. Comparison of VL transmission distance for
various photodiodes
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Table 2. Relationship among data speed, maximum
transmission distance between a visible light transmitter and
a visible light receiver, and data transmission success rate.
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Data speed Maximum Data

[bps] transmission transmission
distance[m] success rate[%]

9,600 3.08 99.5
19,200 2.73 99.2
38,400 2.29 98.9
57,600 1.74 98.7
115,200 1.37 98.4
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Fig. 9. Expenmental view of hybrid positioning -
Zigbee wireless transmission over 21.02m distance
between monitoring and relay nodes, and 2.64m distance
between relay and main nodes
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Fig. 10. Packet data analysis over wireless channel
observed by protocol analyzer in the experiment

demonstrated in Fig. 9.
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