20074 108 MASEs =R H 4 ATCH A 10

=& 2007-447C-10-3

ZigBee BlZL7]Mt o}BtE HARJAAAAE A R 4

( Design and Implementation of A Location Positioning System based
on ZigBee Tags in Apartment )
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Abstract

Location awareness is one of the key functions to build U-city. Recently, many of works for location-aware systems
are emerging to commercially apply to on-going large-scale apartment complex. As dwellers or cars being attached with
active tags are moving in the U-city complex, the active tags periodically broadcast their own identifiers and routers fixed
along the street or in a building use those information to calculate location of them. There are several issues to be
considered for such an environment. In this paper we propose i) a new architecture for location-aware system considering
such issues, i) technical issues to implement it using active tags, and iii) a mathematical analytic model to investigate
overall performance and verify it by comparing with actual experimental results. Through mathematical analysis, we can
show that it is more efficient for the routers to send location signals than the tags do. We also show that there are
several additional services available in the arpartment complex. We conduscted several experiments in a real base parking
lot to show that our system can locate the location of dwellers or cars.

Keywords : ZigBee ]2, $1X]<14], RSSI, ek $x1914], AFw 9194

13

I.M B sto] ThR Ropold B AT FUHUT A

YN GPSE o18% O EFUTS o FA% AN

A FABA 4% A FFL WA A AAAZL edARE Ags QoI 2pRoy
£ o 3AE B 4 Luly 529 FUE

g Bd3a ¥ RSSI(Received Signal Strength

A3, FFRUEgn AFEHITER
(Kongju National University, School of Computer
Engineering)

¥ R34, ddugn FRENFEH
(Hannam University, Dept. of Information
Communication Engineering)

¥ B =FL ggduigtm wu)d7e(2007A144)9 A

4& HEHo = gof #YPAFYTH
Fedab: 2007389274, ALY 2007910€18¢Y

(8%)

Indication) 714t $]x1Q14L W9l x| ¢lo] RFY Al
71¢ez 9XE A + %o M ol d7HR
Q= wo|td RF Azof ofgt Whe] 91 At
SAE Zoj7] 9% =HogE F/¥oz x8%E
Aol AT AIRE olgted AAE Sohie
£ 7HE AR,



14

Ast Aol HESD dFT T T A
71719 Abgol Eoiddl w2t AR d4 2T7E W$
wEA =32 o AA o yZdA R gle
U-city 733 B89 dii: FAGA | AFA 4
AHEe] AAYY 87E I F Fuelth & 9, o}
JE AN H2E o83t g - &9 Ade EE
ola AFAY AFAe A AAE s, 74 HE
dgout FAG 7|03 dEFE Alago] o]
383 dAlolg. sAAe olgE dxgd ApL 4
Azag e Il = WAl st Sl AHE

€t

U-city 28& 138 ol & oA Ao} 2}
A9 9Ag A7) AsME A, AsFAga
Zo] A BFANAE AR 5 glojof a3, B4, A

2ol g3t Bae) S e wesor s, A
A, LTHE BYSE 5 v $FoE 4% U
f3AE AT 23 WElDe LAl 19 ol A}
$3 4 Y52 2549 w7} Fasn,

€ =AM e olE® a7 218 wSe Y
2 RSSI 718k 421904 & d=3ith RSSI l‘?l
HAYA 712 RFUS AHES2R U9 B5olA

AHE VsEta &)
A WAE A}
RSSI 7|88 AARJAAAA NN F2 AHEHE T
EZEZL T4 LANY ZigBee’b tigFolth ¥
AN o|n] F&3le &FHoZH BQF gRrEy
71301 A Uk A Ao} zpEate] F4E

Sedel dEsEs} Ao o

Al

X

“

FAY 2ARE A9E aduvm AY sngo)
ZigBeeol W3} g Atk webd B wRede
ZigBee AHg 3ol Alzde TG,

RSSI 7)8ke] X QlAlel= A 2714 whale] 7

ghel) shvbe oAl Wl ofe] Xel| HA3 1A wixg 2
FEZE AEE Mlea ofF Hart 4, ARe ¢
Ag Adste Agste wAeln, g 3ve o%
2 B2t 22 E st iﬂﬂ 87t AsE
T4, A E Aitste waolth

A
938 182 AAUAALAE

A, 738 0}%5}

s ﬂ*ﬂ H A% oirﬂ ] 1 1:1 e

A AT BAWG B, 924 B2 ] FUE
A Az, A FAAR B Auls, deHlols 7
¥ 53 715 59 7} Aul2g 7ledd A2

ZigBee E{17/4t OIIGE X|QIMALY HAH & 78

NA ZigBee7|9te] TF

(896)

AMY 2l

F4 249 H29 B98, AclEsdols PR Wt
of 7148 AA FAFAN F93 9204 4 o
B3 BAg e,

I 2 g7

1. USN 88 &&

USN $8& Hg#ofdl uel ole chobahs Bl
DR £4 7 olde 4 UdE 5 i o
S Q094 A2dd NFS etk E

Aoleh

ER 1FE el 3 Ads B5% o549
[¢]

=2 Bv=
T

o
o

787 %]_7—3,‘:’\«]&]3.,] AL BEA=
1390 At ¥ F Yk AEAd olF
Zol %}7'—‘}51 Ao B2 o] Fdm Yoim Wit &
FAEUHYY Bfox TYo ALd dHolg

A BEAAA $A

sl ool o7
AA 7 AxE 29
ayz Aol

9 7)oz o aer, oo

Agol o5 ﬂﬂ A 9X8 PARLA @ W B2
Aspe ot
2HAY. olE <2

EH/\QI‘—‘Q_- O]%E]—U:] o]_g_ /51_]}\1'7}_ %]!_
2 A 7159 sty 4 A=
F I>oA majEr)

Fixed

Moving

a8 1. USN 82 &F
Fig. 1. Taxonomy of USN Appiications

2. RIZIQIA 7=
AAYY FA= B& BoplA 9 71 EAA A

o] Qukgoz Aslsh AujelAel AN e T



20074 108 MAIZ 83

o} A7t AeMe ATHLE o837 GPS WA
o AAAAAATL LT A7o] AFgH glo
o, HZde ofETAEE ol&sty olFAs dun
FH AFNY AT A AREAE 28 AU
71€ol del AHE 2

AelRE FoHor h—% 3

go] Brh g Tol, 2uEx po
P P
9 HINS o &ste] 4 AR ulE oA
#Eo RAEE vehlz ot

RSSI 71} 9X94 7)HE Wesl 33 F7hglel
RFS A7|Hoz SR8 A48 & g0} gol a7
T itk RADARY A\289) 2% 282 9219 u2
=9 At A7 JRtez Al AAE S
Aegozs & v e oA WAE o vl
Axcg 24 2t Y= Bol dTHsd frR
o 1%%@ W5t 23E 42 FA} ol

Y& At AAS /\]—-g—?s}tJr[f’g 12]
Nze) A7E oz 3y 9
o] & thZt}, Elnahrawyt RSSI
AA7 2Edes ede BAZ 2

l 10}71 = s,

FA FFAT R AR}
ZA3aL ol 8 HigoE AAE A
St Cricket Al=delMe &2
A71E o183t 10cm =) HY

=i
=

52 aFee

M!

Y mln o do mlru

Al

ol
-

> By

B2
iy 4,

ok

2 AXE 0146}* HEE
Centroidehe 91204 71 e
e A7 g8 g HH =EZ25E
FAE 1 =g FhE A HH R Q)
71" oltt.
B‘ﬁoﬂﬁ F UE £ AUEE 2on PA
]‘?‘3 LEE Spothghtm]?— E 4 9 2%
ZAVEt] ZEFo|
ZVJ«I Az H"’\]o]—ﬂ] s}, ol
spotlight ¢ %’M—S— O 4 glomz 7 wrol T
weotet

1o o4

o
4"/

°

oS

=R

[y

‘é

Z 2
lo -

g E
Hr
rg’L u

II. fIxjQlA

N2 HA

1. AR AAR| RFEM

EEXNH 4 FTCHAI0E

(897)

15

olBtE $X|Q14 A2ge 2FEML $Eyet o}
HE @A T HU FE SAE V|[ELE S

« olgES FRE o 3000~50004H FxolH
AR 4%, % 208 Jbgsted & AUD 5~6
9] B2zt AHEE & Utk WA g A 2"
o] 20,000~30,0007§744¢] )1 7S fot

» HIE 2l AXAES AT A By o}
Ut AojAn, 943 WAy 5 9 g8
= A Ysjop gt

« OIBE X £3 AUE 88 F A=EF AT
4 km o|49] Z7|& JHA3h mebs 404
AN &"o] Ttk 9] ZigBee WPANSZ FAET R
7} 8ok gt

« File] oltE G@xE FE AwdA @,

« ZigBee EF @A $FHES AMIEHZE
TA8hejof gt

2. RSSI 9I% A

RSSI 71uke] M?H—g CE LR
ghipel mat F 4R 3
, A7 gEA SEEe] HA
o]%a}t 7} o] AZES 41, B3 YAE
#lshe 496, RADARY7} ole] simte}, Texas
InstrumentAbol A gt cC2431 AL ol W

L_

o AR4 AV WAAA EAE, oF e =5
boud A8 PSR, AW FA 3A% S
o 2PN XS AR ol U1

<a¥ 2% %t #art azg A5 de

BoEd. st A28 AE3hd

SE7E Aol BulEe PRt Eﬂlﬂ AE
BRoAxgsiA 2@ ojd RSSI L3
o m 719 HAE&

i

Agge

a8 2
Fig. 2. Tag Signal Transmit Scheme.



16

Aed

3
<&

ARy

/,'» a0
S
ael /M
33 3 2HRE MEHES gy
Fig. 3. Router Signal Transmit Scheme.

 <3¥ 3> HeED ASE dAdse
Tt Y9 geEEe] FU|HoR
ol g7t FAlstd AAle HHE
ol A4, AW SXE Agste FRolT. Fg
L AZHRRE F7)HE A48 BEHT 9
$& &AM g3tk gak FHEEZRH m A

o] AFHFlE wolr 3~479] B 2RE dFlo]
olg, A& Aitsta o ARE P4
Efol] A g}

J%A BE B ASASYHS
AHgsta BH9E AZAEEA o] 4
AHESe R B A o] ndtEE ARSIt 3
AAY Bl EAle 54 3 Wl #F5EH ¢
235 Jded we) o] sty vz Fv 7R
a &7 wg AR F dgE Ao
== Axslr) st &
4=

°]

]

o
T
p
py
a

A 58

74

o

« Lulg 71302 g9EE A%,

« Ab L ulE Wl A K Al Bt EE F
et

« AP L ulE WA E$Ee e
ojct.

B As

- 298

agels r A

2
ok

/5]

}:g.

9
_q]r

ph)

#=K

PN
T

&
A

L

> to

A

T

fob
ofy
R:)
»

m o] 5ol3, r o] 4 U BT ABHES
B A4sAsnn Az57 gede
3} 2o,

5xK>K+4%5

%, K >=5 ot}
grof 21987t o olr 8¢] Hul#gk K >= 10 °]
o ol EX olntES] AEg nHE o 2HeE A

IAge] S AA ndt= AL & F A

ZigBee Ej 17|t OMIIE X QUMM AR HA ¥ 2H

(898)

244 9

H7 74 FA Hu FEL W
=Y & gtk

3. B 88 FIt MH|AE

£ A AadolA AHgste g1g o438ty @
ol ok} of”dele] 914 QX olgER, A F
A91A B, F 29 A T IF 27 Mulax
7V&3ht}.

<aY e AT AAF/A AH2E =45 Qo
a¥oN AFRZ HaE FEAYG AP FAF F
5] 9l& o FAA SGSEETH HAAY J%
S 589 YANE FHof, AoEH)E AX HAHA
Mo} X7} AFEh AHEAE A g7 HA
1A A AF AXE Fug

<3Y 5 A% 2UFTA 89 Moy FxRo
o Bl2g AT Ago] ofE FF thted
Az o3 AR vt 24le] DE AF3E
1 o]& Bt 7, EYEA FAE FIE &
dol £95HE 249 BAVIE 2FdY YA

Aol opd AtEe ALz H1E 8, 2 T
AE & 4 gty A, HAH RFID Fo] %o AH&H
U ZigBee Bl1E A& E3 golX B2 A o

AR} FXE
U-Tag Zgbee NOIEHOI
o - ® 1]

S
Zabee ARE

HARZIAE
®

Kiosk

a3 4 XEF FARIX &l Ay|A
Fig. 4. Service to Locate Car Parking Area.

Igbee #RH

Ighee HOIERO0|

a3 5 A &#¢ X MBlA
Fig. 5. Service to Permit Car Entrance,



20074 108 HXtZetg

TIHALG

. ]J @ J
HHIHIOIE{ I T TP ORI
Zighee H1OISHNB’d
1z 6, Y2|Ho|E XIE & Mu|A

Fig. 6. Service to Call Elevators Automatically.

He ol AHeE & gk Mol FHo|h
<2 6> AAMOIE AF 32 Mujxad o B
Azo Bae Fus AHERb7E dejulolel St AW

£o v golE AEoz AWolEHA 1 Zo
w3,
V. 78 Y N5}
1. ANAE A2

<3¥ L opFE gAY AXYY A="e g
Folt. gAY AFA & A 2HNA U-Tags
& HIE A& U-Tages F9H9 eV
st FU1AHA AEZARAE FA5 FLEEY
RSSI €& v, A9 fXE 43t d4d A=A
& 92 UEYAS Tt AHd AFsn 7o~
3, g49= 9T T o3 dodnh
1%01]/\1 HZo| A&”dAM AMUEY]T #H F

TS W, g, AoEg et & HA 7 F
*éﬁ&:% 7refs 71e .

T

L
. 1_.

(ﬁ!

5
&b

RN A ol FHE QUK By

$ald

X T

dRNNY 2&

RICIA AJA”] 2MT
Apartrment

a8 7.

otutE
Fig. 7. Structure of
System.

=2X o 44 # 7C B W 10

Location Awareness

(899)

17

fob

a8 8 TEE eae 25
Fig. 8. Figure of Tag Implemented.

3% 9. ZigBee 2tREH
Fig. 9. ZgBee Router.

<ag &< TE9 gzolth. ATmegal288 MCU
2 AM88t3 RFAL 24GHz ZigBee SATFobe
3 cc2431?e A1 g3tgn). SHElvbE PCB SHE|Uol
o Y] F&HA wEAE AL 7HEE AME
Akl ALE27LE YXolFo] & W Blavt HAY

To Eoj7HAl 83Tk 800mA, 3V vl E A
£ o id A ¢ IS AAHer A=E
FA71E GE3EZ T

<3Y 9= ZigBee #HSHE BAZT HSEEL
BA AdE FELer ZigBeeR FAE HoE 9
RSSI g8 Y AWE At ] FES 7Nte=
"‘”Hlﬂb Bl1o] X g Albsrt <a¥ 9>o ®HA

d geEe SYAHY ojrle R AZEY TCP/IP

A€

FAe Adac

2. FAY IXI0IA N5HI}

R4 4Be BRI A3kl AkBRo] 24
eg A FABIAA AN AYE okl

Sk i e G R e R

<:1% 10>¢ A4l AR £ % eheee)



18 ZigBee EfI7|Ht ofmtE

i 1o om. 0 Cml .
B asw anain B

1003 143E 0360
1301, 11283 (2689, 1120) (4200. 1100
. NS 7 NS N3
L]

{5187 Cm, § Cmj

035F
{4211, 2050]
N2
Bttt @)
N

8001
(2689, 20501

1161 08BC
(1301, 3045) (2688, 30451

N7 3
® ®

3C88
{4211, 3045)

3tA

10. Experimental Environment in Underground
Parking Lot.

J8 10. XIstFEXIE|AM e AE
Fig.

¢« 2Fx A2 029 e
o PRy A 135 Gn
< 27 e e

- AE 9RO 32 a

38 1. FXE U AE Z3 o

Fig. 11. An  Example of Experimental Result in
Underground Parking Lot.

AAE HAET 2l 3 Hoz FANYE RAAEY

FAY SEHE 97 AX 0}9&4

<Y 11> A8EAE ZAST 54 He ga
o] AA Axjely @zt HL X A Ajolt). o] o
AAE 32me] X o7t BAE )

3. AEEa 4 24
AL <H 1>AAHZE 99 28 2xdM 4 7
o 7% 1Al tizte] AEE FPH e F 36w

Aol Waizinh

<E 2>E 4% A%E BHE Aold. Hu exe
10m olelm 9A7 2 AL Im We A4E Ak

PBEHOZ 4m AEY 2AEF Holey ol Ao
FAZAM A7) A ey & o FEI) S8 5
Acki & wett)h. M HF5ES B 50%7F < S A g

AFEL 5% ol4elatn BY & v

AXRIHA A HA & T

244 9

o
Ng 5y 2 2w

z 1

Table 1. Result of Experiments.

dHl 1 21 31 21 22 23 31 32 33

1063
323
2.16

251

8.60
5.23
454

427
9.04
4.30

3%

4.84
4.63
161

0.75

293
6.20
4.02

406

320
2.93

1 1.26
2

3 764

4

263
2.39

531
445
326

3.29

6.14
550
207

057 257 131 470

dy 22 24

x 2

Table 2. Analysis of Result.

11 21
2.63

1.26

31 21 22 23
6.20
293

4.30

31 32 33
9.04

395

7] %‘—5’4
A% |osr
Ji;‘;P{-

Zf &

764 531 614 484 1063 860

326 131 075 216 454
221
100.0

100.0

359 408 376
0.00 5000 50.00 2500 50.00

7500 50.00

296 463 577 539

0.00
75.00

30 0.00

1000 75.00 7500 50.00

,ﬂ
N
r
el

ANE B 0}01 ZigBee RSSI 7]4ke] ¢
SEQ $1XR14 M| zo) ALgE 4
=3

£ FAA AF FUTAY AFD 2Y 5
I AR whe 2= A3y ofe e
HEE Aot

)
e o>

rroax
N

R

E to wE >
o
(o3
2

pas
o _tz o
k
2

>
o)
7]
o
J—
~

U‘.

| %

i
i)
r_>:,

A

m{m

V. g B

fo
2

>

71%& USN AHjx
o] shvelt}. U-city 9] 8
AXRAA 7leg 7o M),
oA A olEC HE 7H53 ZigBee
AA Az=gls HAstn FHEHE A9
g9-E7} RSSI 2% 2355 Eis
ZAv= A Btk BaE &g
22X AFAA G Auja A 9 A
| B4 Anl2, dEldleld RF 3% Mula
AAEREY. FEE REES AAFL HA of
AgpEabgel s Fad A4 AFHE F3hy
ofgtE el A o)} A=zt $)x]2l4)o] RSSIY)
SEAN FEIGE AL 240
F< UWB 7I8ke] 911914 7]&9) 8021548 we
71&o] AE3EA ol F&3F x4
ikl g% odpubdko|ut,

ro

N2 X
=
>
ofX

N
mote g w ®oRy

LN
Ly
A1 8

>

Ml 4o

)

A

}O('igr%(ﬁ
2

l

A4

o
o
ot

_x_,éé‘ﬁ("i-_’

e L
0
okﬂ = Yol ¢

Koo AN ek o >
gL
R

)

Al

=
L.
9]

i



(11
(2]

(3]

(4]

(5]

6]
[7]

(8]

(9

20079 108 MXtZes =2X A 44 A TC E A 10 =

:

oRk

51

Mo

A

ITU-T, NGN overviews, ITU-T SG
Recommendation, September 2004.

K. Pahlavan, Krishnamurthy, A. Hatami, M.
Ylianttila, J. Makela, R. Pichna, J]. Vallstrom,
Handoff in Hybrid Mobile DataNetworks, IEEE,
Personal Communications Magazine, Vol.7 No.2,
pp. 34~ 47, 2000. 4.

D. Fox, W. Burgard, S. Thrun, Markov
Localization for Mobile Robots in Dynamic
Environments, Journal of Artificial Intelligence
Research, 1999.

P. Bahl, V.N. PadManabhan, RADAR: An
In-Building RF-based User Localization and
Tracking System, Proc. of Infocom, 2000.

P. Corke, R. Peterson, D. Rus, Networked
Robots: Flying Robot Navigation Using a Sensor
Net, Proc. of Infocom, 2001.

E. Elnahrawy, X. Li, R. Martin, The Limits of
Localization using RSSI, Proc. of SECON, 2004.
N. Pryantha, A. Chakaborty, H. Balakrishnan,
The Cricket Location—support System, MobiCom,
2000.

A. LaMarca, Y. Chawathe, S. Consolvo, J.
Hightower, I Smith, J. Scott, T. Sohn, J.
Howard, J. Hughes, F. Potter, J. Tabert, P.
Powledge, G. Borriello, and B. Schilit., lace lab:
Device positioning using radio beacons in the
wild, Proceedings of Pervasive2005, 2005. (5.

L. Hu, D. Evans, “Localization for Mobile Sensor
Networks”, in Proc. of Mibicom, 2004.

13

{10]P. Pathirana, N. Bulusy, A. Savkim, S. Jha,

“Node Localization Using Mobile Robots
Delay-Tolerant Sensor Networks”,
Transactions on Mobile Computing, 2004.

in
in

19953 ~dA FFdetn PFe TR

AL
P

M HH39)
1988 KAIST A4
(A AH)

2001 KAIST #4t&hs
(2FAh)

1988 ~1995d

dT4

H B 2=
Tl

2002 3¥€~2003d 8¢ WA= n

— 2~
ZH g

<FBYEE RZEOHAH, d¥id=E &=

Ed 9,

AN EYA>

XN A2 N

(901)

18

[11]N. Priyantha, H. Balakrishnan, E. Demainne, S.
Teller, “Mobile-Assisted Topology Generation
for Auto-Localization in Sensor Networks”, in
Proc. of Infocom, 2005.

{121 M. Sichitiy, V. Ramaduari, “Localization of
Wireless Sensor Networks with a Mobile
Beacon”, in Proc. of MASS, 2004.

[13]T. He, R. Stoleru and J. Stankovic, Spotlight:
Low-Cost Asymmetric Localization System for
Networked Sensor Nodes, 4th International
Conference on Information Processing in Sensor
Networks, 2005. 4.

(14] Texas Instrument,
http://ti.com.

CC2431 Location Engine,

(=]

2 M ui(HsY)
1985 A&t
(8HAh)
19873 KAIST
: (8 AH
E 19959 KAIST
(2FAH)
198711 ~1990d A A& A A7 TDX | et
A+
19959 ~ A g n FRFAZEG ug
<F A F ok Ubiquitous Sensor Network, 2! A]
F Al 2"

A A S T}

RIS B |

4

i

AAre st &)

ek &4



