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Beacon Node Based Localization Algorithm Using Received Signal
Strength(RSS) and Path Loss Calibration for Wireless Sensor
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Abstract In the range-based localization, the localization accuracy will be high dependent on the accuracy of
distance measurement between two nodes. The received signal strength(RSS) is one of the simplest methods of
distance measurement, and can be easily implemented in a ranging-based method. However, a RSS-based
localization scheme has few problems. One problem is that the signal in the communication channel is affected
by many factors such as fading, shadowing, obstacle, and etc, which makes the error of distance measurement
occur and the localization accuracy of sensor node be low. The other problem is that the sensor node estimates
its location for itself in most cases of the RSS-based localization schemes, which makes the sensor network life
time be reduced due to the battery limit of sensor nodes. Since beacon nodes usually have more resources than
sensor nodes in terms of computation ability and battery, the beacon node based localization scheme can expand
the life time of the sensor network. In this paper, therefore we propose a beacon node based localization
algorithm using received signal strength(RSS) and path loss calibration in order to overcome the aforementioned
problems. Through simulations, we prove the efficiency of the proposed scheme.

Key Words : 0] == 7uke] 917 3% obuelZ, 4414847, delilxs

s =T

2319, gAMIstaL, A7) A RAl AT T .M E

", St A7) A AR (@A)

A4z} 2010.10.27 A LA} 2010.12.3 -
A An B4 7)%0] HWe S/W i o 24 o

A AR 2011.2.11 1= AR 54 7]l b S/W el

- 15 -



S M UEHZOM sAMSM 7|2t HBELEUX|S FEE SES= HIZ == 7|89 /x| &7 7|

T &4 7lwol vjgH o WHHT 18 )l
A AR, & UMENA, VA A 53 22 7 A
Y E 9 I (wireless sensor networks, WSNs) X+ 4]
A= AA UEY A(ubiquitous sensor networks,
USNs) Alz="lo] A& 7hsstAl E Uk o] Alz=glofA

= A o] EAE Ao YIXE AR5}
A AN ENA S4E 9gh &4

uA ek gl gejoltt o5 fliA AN =Bl

o o
ot 2

o,

GPS(global positioning system) 41715 #&3sl= A

ot} SHAIRE GPSE ]88 YA 4L F7H4< sl=
glojo} we A NS Qs AL AE R
53 28 LOS(ight of sight)ell W7t H& 2471 &
g Al A GFErF DA a1 53] F24le] HA] ¢
Adlel] Ag-oll= o]83 = §le dHo] EAgt. ol&
AAat7] YA BA BE W So] ke Q6
ol $1A F749) 7ol upe} F VA2 BFHE 4

shube =Bk ARlE S F ol& o] &3l AlA

Lo X E FAe A 7Inke] 914 4 7ol
¥ 2+ MDS(multidimensional scaling),

2
AASEY 5ol vk MDS= dA] mezte] S48 7

K}
k=)
Ed

N
e
N

= Kl

Q7Y A4t 2w YA E e ol AztE
=]

H

=

Al

o] 7k WHlelty, Ag A4S s gxF<l
%25 %2 A7Htime of arrival, TOA)”, =2 A7k 2}
(time difference of arrival, TDOA) =2 $)4Hangle of
arrival(AOA)® 18] 31 4221 A7) 213 (received signal
strength, RSS)” 5] 9t} o)k Wrh 2 72|E 7]uke.
2314 v A F4 7S w53t A gl =
7] F(hop) 7 HE AA =& fXd digt &S
o] Wy Fol Ak "EA 7lEZ+ Centroid,
DV-hop 5°] Ao, Centroids ©<=3] A4 w==7}
L5 Alolo) EAs= Aol digk FARE 7}
o g gt 9IXE F4s7]= ol DV(distance
vector)-hop 7 7l19] H|Z L& Aol A}l H|E

W= Alo] EAlde AM wSol £8 FhRE

(hop—count)d+e] A 1 hope] AwlE F3to2M 2+ AA
wrol BjE wEzte] AZE FA45Hs Wolth o] 7]
< g2y 93]

SIBES
7ol obd 914 £ 716 AR 94 8T

N
A FEo] 75d $ANEAH 7S Wol o)
S

obAa o2 Qs 4A el 9
Qol. e R 4 £4 A
B304 QYAG AN =7} o] g
A o) e Al TRHAIAE olgT), ol 7
Q77 Ak HAFH, @ 74

9

wEoA Bhube] H|E =T} Al ¢

T
N
>,
fol
it
=L
N ofy
ol
ol
=)
o
g
_0|L
v
1o
=
r
kr
[t
N
o

Aarer 4= ¥ o1 3 7 w2 wse A= AatE A
o} =41 A% A7) (path loss) S ©]g-38ko] Mg &4 #)¢
2 34T 4 93, FHE A1y £ N5 Hirge
A w==o] X E FAstE Welth kAN o] W
& Ao Bt A2 A £ A5 gE FA7VEE
ZhH)E mEok AN wmETre] A EA X85 45
A Fstoz Qe x5 F4s] PET o) E 4
7] 93 g2 wulle nz oo AN wczike
7t g S5t A8 48 FASE Wolnz Al
TEo] wol 27t "k

Al 7 e iR AN mEelA] ARle] fAE
FAZ o] 49, AM =29 g wiEe] &3 wT
o A AN HEA 2 ARk Zol57 Ak vk
o HIE kB AN =R A2 S wiEe] 83
o] t] 7] witel B|E =& 7|uke] 9% 4 Wy
A AN MES A T2 AE 9 o a v
231 G g9 ALto] 7hssith ol d HE == 54
o2 QA & =M HIE REAM AN kER
HE 2 A5 FANSAY|} A &L AeE S
ool AlA mrstel Ao A s FAsta olE 7l
gtz Azl i A= FrF F AlA mEe] YA

- 16 -



=

sS4 =2X] M1 H|f

Fromxm 7] 7]ute] $14]

s

g5 Al

o 73

al

o}
=

)

iy
o

el

-

o

nr
o
sl

al 7}

1=
.

o]

25

g
o

O

X

A

3

3 7=

=
=]

o}

=

c‘)l,

A

+

A
A

1<

A

1715 &

o A

2)

gt 4

o

e Fel o

e

Al

L
L
=

PN

@

Aol

A
<
R

)l A B

]

A
A

o A%, ¢
O~
T

o A, f AHE Aste] F3

al
of e Az e} 914

L= S A=Y

[e}
3

}_E]_UZJ
O~
T

o

A

4 7hs

T
it

A
()2 e}

PN
T

3

(k=2
A

e

o 9

A
Al

Q

S
S|

B A ) A mm] 915

?.

)

T
il

A
[e)

oAM= 23

o}

oy
=

3)
4dnf
), X,
ELL=

=

=

2aAF EE A
=

i

ke
pa

_(H

%(log normal shadowing) A2
P,[dB|— P.[dB] —20log(

L

n « 10log(d)+ X(dB)

*‘]—E]—“O]'

[¢)
(Gaussian distribution)

*(random variance)©| T},

-
X

g =0]Z(channel noise)©] 3L ©]

& 7Fs

3T
ar

L
L

A4 e,
Py, [dB]
471 Py, ldB]

7HEAISE

[dB]

2ol

Beacon node C

ol gsto] MM =&

=

=

J17]

Sensor node
T X

1

fs

— Beaconnode B

A

1

=1}
=.
pus

|

[=]

E{

11, A|A
Fig.1 System model.
=AM E 2

=1
=

Beacon node A
&
Mol 44 A% A71E AW o] e

[11]

a

o}J

o

A 4=(path  loss

3} A4 e 915

<]

%

@ %

SIS
s}

%

exponent) 2]

- 17 -

O]

Anf

P(d)=P, + G+ G, = (



S M HEHZOM FaMSM 7|2 H

A A B AE 2 Ak A2

Aol el 41 415 AVt 48 £
& F3tel w2 /0l A4 34 gueEe
o] guE L 4wz el Aok

O
=
T
O

=

T

H

In

fuin

N

0

A

il

5 I'|'>

oZi iz

A
Y

H~1 4>

o b

o o
R )
fof

et
I

.’:Y‘
=
)
u
=2
(i
2
ol
o

(beacon message)S 3 S(
oA Fr|Hem = ic?H*E(broadcast)

beacon messages W2 o] -3 HIE L= F

= *}019] A Xéi% 3 A=l At
G421 A5 A7) (path loss) &

wEge] AY £4 452

=
o

o{.
o
2,

-
f;u
£

to >

>
1>
&

A wso] oA HAFEE 7)€Y Wi 2tk WA
31HA HE =7} W53 beacon messageE G4
gkl AT AVE o F
AA BHRE o] &3lA 7t

32
N
=)
Ha
2
=
gl
b

i
o
B
fo

5
i
s

o A & & 9

o v A2 4 A%e] AR %S & 5 §v] v
Qele] A8 £4 A% groz g Qo 4
she] sfolgel} zH410.

o
3
%
_>A:4
@‘
>

o7 ’\XP%%* (least square method)2
o] dA YAE A5

3. Zt HIE LEQt HA LEZHS

—= =
X+ =3

ZE U =29k AlA =7k WY &4 AeE 314
oAl S E 2 7he] A &4 Aok 32860 A
AN == X A5 7|He R o] Hr} WA
A =Ei= 32804 FA g 2] QIA] 91%] BRIt
2315 A S (temp message) S HE w20 A HEEF)
2~ E (broadcast) 3}, temp message% —’F"Jﬁ& HE =

D2

MM e 2
laia == (Hu)

id1

D1

H2 LE I(Hsl) H2 LE 2(952)

I 2. HIZ =9 MA EZH HE 24 X £F,
Fig. 2 Estimation of path loss exponent of the
link between beacon node and sensor

rE 1,2 ﬂL 3o] EAJ8kar 3.2 ol A3 AA
LSRN Jh(@ )7F dekal &kt o] w H|E ==
13} HE =5 2 Alole] A DI, A48 &4 A5e
plolghal 8tar, W& =X 13} H|E =E 3 Alo]e] 7

= D2, A9 &4 A g2 shak gla Al
zo] YA YX 9} H|E X 13} H[E =B 2 Aol
Mol AE dl o|Ehal skaL, A =] YAl 91X]
o} H]Z T 13} B2 =5 3 Abo]9] o] ArE d2

rorr
s

I—
1N

o2} sk o) Wl d g ¥l e Abole] A4} Al
A el A A% M ke 24 AR ZA A
A= F31F & Yk

d, = min || (50— D, | 4)

4714 k= 1,20Itk.
B2 w13k AN wEghe) A A 2SR, )E

A6 FalA FAw,

~  dy*(10logD,)*(PL,) +d,*(10log D,)* (PL,)
dy*(10logD,)* +d,*(10log D, )*

Np=

ol71 PL, st 1

Ae A5 A7), PLE B

12 &

1o
L Jo] H|E xE 32K

Fl'

- 18 -



2011 28 SH=EQIEUHESASE| =2X| M1 M1z

Jolth

P

o
+
>
o
=
l.o{,
=
N

4. ZH HIZ =EO0IM MM =E9| 2IX| £H
334l A FF M mES AN =R A &
A NG ol gdte] F wEgte] AdE A(d,)E T
5 ek o] A2 ARE o] 3te] ME == 104 Al
A o] ] AellA 9 AlA :mEe] g6 245t
E e SAE FAR 29 32 A =] 944
99} 334l A FAF F =22t Ael(dy,)E o183
A AR fIAE FA7] 919 2ol e Ax
=] fAE #46)s T FAE 5 3
Ey(®) .
&)
—‘—Q
HI2E gy “
dBl’r‘]Bl 90
a3 3. HIE S 1 e MA mso| | .

Fig. 3 Location estimation of sensor node with
respect to the beacon node 1.

~ ~

0, :wBlEBl(éO)+(1_wBl)90 (6)

71 6, HE =B 149 ANE AN =X
By, (05 W == 19] oA 243 A2(d,, )5
7INto g AN w9 oAEE A, wy £ HE 2E
1914 s A =] $1xI9} MM mE9] A
] Abol €] 7} (weighting factor)o] v}, 41 22 A

A FA AT AZIE o] &3 AYE A7t 255
QA7 Soldth 2HBR A (w, )E A =29
A AX IR 7] A $1H], 6,)9} vl = 1ol A o4
s AlM =20 YA (B, (0,,)) T4 A1 5= 9l
AA el o & 7EAE F7] AT A WaEEs
1/[(d g /dyi, P +1] 2 AFTE o714 4, ol el 3
2lH N2 et Al B3] JV TPk Aol

g;\e

u

1|

rlr

THO)S durstetd A(NZ 28 & Sdtk

wg)0— 1 (D

>
B

= kaEBk(éA;ﬂH' (1-

Q7NN k (k=1, 2, ... )& H|E oA AlA w=x9
AR5 7Ale slgreln)

S 934 matlab tool
74 100m X 100m =3+

=2
EY
=
)
i

Iyl
i
N
e

=
A 00 AT, of 9 AP oA faels
(ucldean) 712 312 ol 8345, A% faeie

45 T T : :
Mean(3]
=-B-- Calibration[10]
wl --B-- Proposad scheme il
EqS g
EilS - ~ 4
E 'y/
Ex ’ B |
: -
=
& A |
16 e ,—"w‘ ’
R
ol P e > 4
e
—‘b’ -
S |
D$' L L : : ‘

80 100
HIZ2 =St dlM == 2 Helm)

J2 4, HIZ =2t MM =70 A2 of ME MA LE 2|X|
xK‘I gxl-

Fig.4 Location estimation error of sensor node
according to the distance between beacon
node and sensor node.

Al

)

=3ke) Aol wh Al

= |
A FA4e fﬂ??} 3 } A E RoFr)
£ e 2~42 A (random)3HA] A& = oL
-0]Z(channel noise, X[dB])= #1f(mean)°] 0°]

AH(variance)©] 291 7FAE 7F-Ao BEXE W E

o rim

s

U

Nt
MEoat Jm o

}ﬂ

L

- 19 -



M MM HEKAIOM +AMUSM 7| M2EAX

g 4ol A B 5= gl5o] H|E =9 Al =7k A
7} ZARRSE A o) 913 246l Uje A 9%
= 37kshe A8 ¢ 4 Ak S, Agke 914 4
SnPFe U 2AoIM 712 e g 2
5g BYe & 5 Uk
24
prd o
0 4
18 |
E6 i
=
nt
g 14 |
12+ |
10 e e Lo f
e = o
e o >
—————— & S ST S S
..... g b
05 1 15 2 35 4 45 5

2 5 3
A w0l = 2ehoE)

33 5. a8 Lo[=(XdB])Q| 240 2 MA E K|
=3 2%

Fig.5 Location estimation error of sensor node
according to the variance of channel
noise.

a9, 5¢ A =o|Z(X[dB)e| #4Hvariance)oll wh

2 AA = 9A] FA gigk 04 AgE HoErh
2 A A A wo]=9] K variance)©] E7F &
FE AN wE 99X FAC dg oA ATt Frkete
AL & 4 ok AR Aok A 4 daEEe
71E9] th2 Wi} A o) =el d viztsta, Y
Z70A 7P & ATE EYS & 5 Uk

A A HEYIA AA 9] 95 24 7
£ oA 8% FE2 AA wE9] e 93 54

3 A 4 A A AN eS| 54E skl
[e]
=

1
-0,
=2
Av)
N
)
i)
il
N
i
o
fu
_0|L
rir
ph)
o
.,

hal has
28 245 7% FolA ol AHSHT. s o] 7]
So) B4 4SS A 242 daE 18 4 4
S e A FAsE Ao] Fadth B wgolA
EHE wEg e EEHoR AN wEe) Y

£ A5E F4en oF Ao T4l Ay
#2E QAN NE EE RoR A4S SHae

[1] W. Hy, H Qin, H Huang, “A Mobile Beacon
Based Method for Wireless Sensor networks
Localization”, in Proc. ICCT, pp.144-147, 2008.

[2] Ahmed, A.A., Shi, H,, Shang, Y., “SHARP: a new
approach to relative localization in wireless
sensor networks”, in Proc. ICDCSW, pp.
892-898, June 2005.

[3] N. Pryantha, A. Chakaborty, H. alakrishnan, “The
Cricket location support system”, in Proc. 6th Int
Conf. on Mobile Computing and Networking, pp.
32-43, August 2000.

[4] A. Savvides, C.C. Han, MB. Strivastava,
“Dynamic fine-grained localization in ad-hoc
networks of sensors”, in Proc. 7th Int Conf. on
Mobhile Computing and networking, pp. 166-179,
May 2001.

[5] D. Niculescu, B. Nath, "Ad hoc positioning
system (APS) using AOA”, in Proc. INFOCOM,,
pp.1734-1743, April 2003.

[6] N. Patwari, A. Hero A, M. Perkins, N. Correal,
and B. O'Dea, “Relative Location Estimation in
Wireless Sensor Networks,” IEEE Transactions
on Signal Processing, vol. 51, no. 8 pp.
2137-2148, Aug 2003.

[71 N. Bulusy, J. Heidemann, and D. Estrin,
"GPS-less low cost outdoor localization for
very small devices”, IEEE Personal Commun,
vol. 7. 2000, pp. 28-34.

[8] D. Niculescu and B. Nath, "DV based positioning
in ad hoc networks.” Kluwer J. Telecommun.
Syst, vol. 22 No. 1, 2003, pp. 267-280

[9] Y. Ding, Y. Sun, T. Li, and Q. Zhang, "A New



201 28 SI=QIHAYSEMSE =2X] M3 M1

Distributed Localization Scheme for Wireless [11] J. D. Kraus and R. J. Marhefka, "Antennas for

Sensor Network Based on Omni-directional All Applications,” Tata Mc.Graw-Hill Publishing

Antenna”, Wireless, Mobile and Sensor Company Limited, New Delhi, India, Third

Networks, 2007. (CCWMSNO7). IET Conference. Reprint, (2003).

Dec. 2007, pp. 592 - 5% [12] Rappaport, T. Wireless Communication:
[10] C. Tran-Xuan, and I Koo, "An RSS-Based Principles and Practice, 2nd Ed; Prentice-Hall

Localization Scheme Using Direction Calibration 2002.

and Reliability Factor Information for Wireless
Sensor Networks”, Transactions on Internet and
Information Systems, vol. 4, No. 1, pp.45 -61,
Feb. 2010.

flo

b Adlof 2lste AR

fol

% 0 =22 2011HE HHETY X0l o3t SAstm HMIITeE YR

XKp A0

7 ¢ #(59)

190641 et AREEl &
(34D

C 1989 AT AREN
331 SAAID

L2002 HFAEN PRENT
a3t S

L2005~ A Sabeka 7))

e AgEigta A AR £
(3Ah

ol

A7) 444 1

N
>
[>
Urﬂ
ok
¢
E
2
i
4o
U
Vv
-z
-
£l
&

<FRARE : A ol FEA, FA AN EY>

)

21 -





