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Abstract: With the development of communication technologies and smartphone, requirements of positioning accuracy for LBS
(Location Based Service) are becoming increasingly important. LBS is a service which offers the information or entertainment based
on a location to users. Therefore, positioning is very important for LBS. Among many positioning methods, IEEE 802.11 WLAN
positioning measures the distance using the RSSI (Received Signal Strength Indicator) attenuation log model. Thus in order to
enhance positioning, we modify the IEEE 802.11 RSSI attenuation log model by adaptive weighting method. In this paper, we
propose improved IEEE 802.11 RSSI attenuation log model for enhanced indoor positioning.
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Fig. 1. RSSI Attenuation Pass Loss Model ( Indoor Lobby).
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Table 1. RSSI Attenuation Log Model Distance Errors (Indoor

Lobby).
Distance (1) RSSI (dBm) Error (m)

1 -26 0

2 -35 0.154
3 -38 -0.217
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9 -53 1.00
10 -55 1.859
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Fig. 2. Experimental Location (Data 1-IT3 1F, IT1 1F Lobby).

274

a9 3. 484 () ITIEY 75 25,

OoJE] 2-IT35% 4%
Fig. 3. Experimental Location (Data 2-IT3 4F, IT1 7F Passageway).

3,71 A 2omesh o3 AEAE
Qo] AH]a

I3 2R

ar

Table 3. Performance Comparison between Existing & Suggested

Attenuation Log Model.
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Fig. 4. Performance Comparison between Existing & Suggested
Attenuation Log Model (Half Open Interval).
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Table 4. Performance Comparison between Existing & Suggested
Attenuation Log Model.

A A= A

1~6m 7~10m QX+t
tlolg 1 fgﬁ 032 1.69 0.87
e XE;’S 0.35 211 1.05
dlo]g 2 fngg 0.31 1.15 0.65
e XEES 0.61 121 0.85

E 5 Y FRIJE AL
Table 5. The Amount of Calculation for k’s Reference Point.

el & i 2(3k-1) 7N
wel & s 7k 7N

F o6 TR UE 3¥E VE 3 2ands) yhd
X 3¥0E o3} 71EXE 1Ed mandle] A

Table 6. Performance Comparison between Existing 3point &
Suggested Attenuation Log Model.

ZAY | 9AE | AA [T
1~6m | 7~10m |24 (%)
71E0H
gold 1 | 3®elE 039 | 255 | 125 »
W7 | Ao o
AT ;;:5; 035 | 211 | 105
7=
Hlole 2 | 3¥elE 045 | 200 | 106 0
(ﬁ:ﬂ :?_Zl') Zﬂ OJHJEE 19.81%
sgore | 061 | 121 | 085

NENME Fefd 167 weld 2107F A E o] Altke]

A3 FolHe & & 3
2(RSSI; + 10nlogd; — A)(10logd;) (10)
2(RSSI; + 10nlogd; — A) (1n

F7tE, 715N 24 THEAE 334%}4 ke 3709
O3 EAEC] dis) Alktel] oial] ke BE vlashd
6ol Ao} o] Uk HlFE Zb2E oF 16% 9F 19.81%=
}\—] y_q. 14.._. /\-1‘;.2_ Eozh;]_

O3 63 ¥ 72 X 49 X 69 71EWY 10X21E, 7]
U 3¥QE g AR 3¥ENE Ho|HE(uolH],

dlolE2) §hx el z= yvepd Folch

Path Loss Model
'25 T T T T T T T T
: : : *  measured RSSI
old path loss model(10pt)
old path loss model(3pt) H
point weighting path loss model(3pt)

-] - - i Old(10pt) A =—27.53 n =2.267 |-
P : Old(3pt) A =-28.83 n=1.97

E i o New(3pt) A =—27.55 n =2,133
2 gl boeeeeee ’r 4 : : : : :
@ : ;
w . . v
o
L beeoeoes beoeeoes beooooes beoolTE
T T
i i +
55 i i i i i i i i
2 3 4 5 6 7 8 ) 10
Distance(m)

A=Y 7]Z 7]—4 Z2ardy 0 UgE

25 1 2and (%711?7&).

Fig. 6. Performance Comparison between Existing & Suggested
Attenuation Log Model (Half Open Interval).

olE Qoxa} 7l=



74 Seokhun Shin and Joon Goo Park

Path Loss Model
I
+  measured RSSI

old path loss model{10pt)

old path loss model(3pt)

point weighting path loss model(3pt)

-20 T T T T T T

T E— b S

301 b boeeens S— Old(10pt) A =-27.04 n =2.136
W ‘ Old(3pt) A=-27.64n=1.948

E i New(3pt) A =—24.34 n =2.351
=2 35 i
w i
w
& : :
S boeeeees Fomeen
oo T
: i + 1
50 | | | | | | | |
1 2 3 4 5 6 7 8 9 10

Distance(m)

a9 7. 71 AR Banel il g EiIE oA ke
Ag aE g =ax @73,

Fig. 7. Performance Comparison between Existing & Suggested
Attenuation Log Model (Closed Interval).

A=
2t VRS ndEe ] 2aRde] AdAnEA 2
Aol e AUshd i oF 28.78%2] As AsE B
Uﬂl °J7M°ﬂ/‘1 A B oF 2345%2] A S
3 A"A Aol AU Ed oF 10.16%2] 4%
UW— HATE ZAE oA 2abdse] 7] sk R
2askel B4 A FAY oA E AAl 24 A”E nndk
Zlol7} W o, AT A B e IS Bt uef
A B =EellA Zﬂol'b“]— 93} 71EAE 1yd 72 2aond
AFANZA A mE As VEAE Folste] A
ool Fow &4 Asie e, 9AY Ak A
& Folal T3 A APt 7|E ] 2aRdRn U
3

S BT
oA AF3, oA} HEAIE g 7] 2ande] A

ok 71 7] 2aRde] QA Folwd 1 KAl 9)
ohd, 7 UE ZRIE i) A E aeldt Wy
71E 7 2o ALk 1haet 5o Jidde] 1
2o gt} 715 107]9] FEQIEo) gk Alakkol Hls| 3%
Eof 3t AR o3 7241%9F 59E 70%7) Z0]
o Alge] AA3F 2o H& & 5 doH, AA A

FIF
o,
ey
_|O

Foswel A% 7hag wIT. A, o] o4

@A 8 W muleE ERAAE i)
=9 o3 g wakthel AszA A
A5 Yehdeh S8, /1% s A
EREEL RS EEE Y

2

REFERENCES

[1] N. Bulusuy, J. Heidemann, and D. Estrin, “GPS-less low cost
outdoor localization for very small devices,” IEEE Personal
Communications Magazine, vol. 7, no. 5, pp. 28-34, Oct. 2000.

[2] R. H. Lee, “A study on enhanced indoor localization method
through adapted IEEE 802.11 signal strength measurement path-
loss log model,” Master’s thesis, Kyungpook National
University, 2011.

[3] A. Bensky, “Wireless positioning technologies and applica-
tions,” Chapter 8, Angle of Arrival, Artech House, Incorporated,
2006.

[4] W.Lengand A. G. Wang, “The simulation of AOA estimation
using double patterns with partial overlapping in the software of
wireless insite,” International Conference on Wireless
Communications, ~Networking and Mobile Computing
(WiCOM), pp. 1-4,2011.

[5]1 A.Bensky, “Wireless positioning technologies and applications,”
Chapter 7, Time of Arrival and Time Difference of Arrival.
Artech House, Incorporated, 2006.

[6] R.Kaune, “Accuracy studies for TDOA and TOA localization,”
International Conference on Information Fusion (FUSION), pp.
408-415,2012.

[7] A. Natfarieh and J. Low, “A testbed for localizing wireless LAN
devices using received signal strength,” IEEE CNSRC, 2008.

[8] A. Malekpour, T. C. Ling, and W. C. Lim, “Location
determination using radio frequency RSSI and deterministic
algorithm,” JEEE CNSRC, 2008.

[9] K. Kaemarungsi and P. Krishnamurthy, “Analysis of WLAN's
received signal strength indication for indoor location
fingerprinting,” Pervasive and Mobile Computing, pp. 292-316,
Apr.2012.

[10] X. L. Hu, “Study on wireless local area network technology,”
2nd International Conference on Consumer Electronics,
Communications and Networks (CECNet), pp. 609-612,2012.

[11] IEEE standard for Information Technology, Telecommuni-
cations and Information Exchange between System, Local and
Metropolitan Area Network. Part II: Wireless LAN Medium
Access Control (MAC) and Physical Layer (PHY)
Specifications, /EEE Standard 802.11,2012.

[12] S.H.Kang, “A study of intelligent in-door positioning algorithm
based on IEEE 802.11 signal strength,” Master’s thesis,
Kyungpook National University, 2009.

[13] T.Y. Choi, “A Study on in-door positioning method using RSSI
value in IEEE 802.15.4 WPAN,” Master’s thesis, Kyungpook
National University, 2007.

[14] S. Yun, “Indoor/outdoor intrgrated positioning system in IEEE
802.154 WPAN,” Master’s thesis, Kyungpook National
University, 2008.

[15] D. P. Bertsekas, “Incremental least squares methods and the
extended Kalman filter,” In Proc IEEE Conference on Decision
and Control, pp. 1211-1214, 1994.

[16] A. S. Kim, J. G. Hwang, and J. G. Park, “Enhanced indoor
positioning algorithm using WLAN RSSI measurements
considering the relative position information of ap configuration,”
Journal of Institute of Control, Robotics and Systems (in
Korean), vol. 19, no. 2, pp. 146-151, 2013.

[17] S. Y. Cho and J. G. Park, “Radio propagation model and
correlation method-based efficient database construction for
positioning  fingerprints,” Jowrnal of Institute of Control,



Improved IEEE 802.11 RSSI Attenuation Log Model by Weighted Fitting Method

Robotics and Systems (in Korean), vol. 20, no. 7, pp. 774-781,
2014.

ANz

20134 SH-EAIO e A )
5 ShAL 20133~ AR AE St WA
SHE AAtabg sk IR WLAN,

o E T
19941 Aatishal Al A5t SPAL
1996 A&tstal Al A58 Ak

2001 AgoEhal A7) HFE RS vb
A}, 200599~& A AEska st A
AFEE m ks 2ukd 4

HjAlold datg]E, o]5BAl TREF,



