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A Wireless LAN Location Estimation Method
based on Gaussian Mixture Model

Susumu Fuurta, ! Karsuniko Kagrf!
and NoBUO KawAGucHI'!

Recently, location estimation systems using WLAN are getting popular, be-
cause WLAN access points are widely introduced to general houses and public
facilities. We can receive the signal of WLAN regardless of indoor and out-
door, so that WLAN is available for indoor location estimation. Conventional
researches of location estimation have a problem that needs a huge WLAN
database and a large computation. In this paper, we propose a modeling
method of WLAN database using Gaussian Mixture Model (GMM) and a lo-
cation estimation method using WLAN GMM. Consequently, we succeeded in
reducing the amount of WLAN data to about 5%. In this time’s experiment
environment, accuracy of location estimation was about 60 10 m.
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Fig.1 WLAN information collecting tool. (Left) Observation point mode, (Right) RSSI mode.
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Fig.2 Difference of the shape between WLAN path loss model and Gaussian distribution.
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Fig.3 Procedure of modeling. (Left) RSSI, (Center) Convergence of points, (Right) GMM (mixture number: 8)
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Fig.4 Visualization of the location estimation.
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Fig.5 Compairing graph of the accuracy of each location estimation method

6. 0 O0O0O

gooooOoOoOooooOoOOO0o0o00oooOoOO0oO0o0O0UOoDoOUOO LANODO
oooo0ooOo0O0oOoooOoO0o0o0UOoooOoOoDOo0oUOODOoCoCo0OO0gno LANDO
oooo0oOoOo0oOoooooOoOoD LANOOOOOQoOoooooooooGgMM OOQoO

00 LANOODODOOO0ODO0O000D0000 5% 00000000000000000

gboobooooobooboobooogbooboooobooboboobobooo
O0000000oooooooooooO000ooooooooO Particle Filter 00O
gobooooobooooboooooboooboooboouoobooobOoDbboOobonD e010m OO
gboobooooobobooboooboooboobooboobooobooboobooboog
LANDOOOOOUOOOOO0OO0Ooooooooooooooooooooooo
gboooooboooboooooooDon

e GMM OIODIDDOOOO

O000ooooooooooooo GMMOOOOOOOOOOOOOOOOOO

gbooooboboboobobooobooobooboobobobooboooboboobo
ooooooo GgMM O0OO0O0O0ODODOOOOCOOOOOOOOO

e ODOODOOOODLOOOLOODOD
gbooboobooobooboobooooboboooooboooboobooboobog
gbooboboobooboooboboobooooboooobbobooobooboobo
gboboboooobooboboboboooooobobooo

g o 0 0O

1) Bahl, P., and Padmanabhan, V. N.: RADAR: An In-Building RF-based User Loca-
tion and Tracking System, Proceedings of IEEE Infocom 2000, pp.775-784 (2000).

2) Chai, X., and Yang, Q.: Reducing the Calibration Effort for Location Estimation
Using Unlabeled Samples, Proceedings of The Third IEEFE International Conference
on Pervasive Computing and Communications (PerCom2005), pp.95-104 (2005).

3) Cheverst, K., Davies, N., Mitchell, K., and Friday, A.: Experiences of developing
and deploying a context-aware tourist guide: the GUIDE project, Proceedings of the
Sizth of an Annual International Conferences on Mobile Computing and Networking
(MOBICOM 2000), pp.20-31 (2000).

4) Hansen, R., Wind, R., Jensen, C.S., Thomsen, B.: Seamless Indoor/Outdoor Po-
sitioning Handover for Location-Based Services in Streamspin, Proceedings of the
Tenth International Conference on Mobile Data Management, pp.267-272 (2009).

5) Hightower, J., and Borriello, G.: Particle Filters for Location Estimation in Ubiq-
uitous Computing: A Case Study, UbiComp 200/: Ubiquitous Computing, Vol.3205,
pp-88-106 (2004).

6) Krumm, J., and Hinckley, K.: The NearMe Wireless Proximity Server, Proceedings
of the Sizth International Conference on Ubiquitous Computing (Ubicomp2004), pp.
283-300 (2004).

7) LaMarca, A., Chawathe, Y., Consolvo, S., et al.: Place Lab: Device Positioning
Using Radio Beacons in the Wild, Third International Conference PERVASIVE
2005, Lecture Notes in Computer Science(LNCS38468), pp.116-133 (2005).

8) LaMarca, A., Hightower, J., Smith, 1., and Consolvo, S.: Self-Mapping in 802.11
Location Systems, Proceedings of the Seventh International Conference on Ubiqui-
tous Computing (Ubicomp2005), pp.87-104 (2005).

9) Lim, H., Kung, L.C., Hou, J.C., and Luo, H.: Zero-configuration indoor localization
over IEEE 802.11 wireless infrastructure, Wireless Networks, Springer Netherlands,
Vol.16, No.2, pp.405-420 (2010).

10) MacQueen, J.: Some Methods for Classification and Analysis of Multivariate Ob-



servations, Proceedings of the Fifth Berkeley Symposium on Mathematical Statistics
and Probability, Vol.1, pp.281-297 (1967).

11) Manandhar, D., Kawaguchi, S., Uchida, M., et al.: IMES for Mobile Users Social
Implementation and Experiments based on Existing Cellular Phones for Seamless
Positioning, International Symposium on GPS/GNSS (2008).

12) Seidel, S., and Papport T.: 914Mhz Path Loss Prediction Model for Indoor Wire-
less Communications in Multifloored Buildings, Proceedings of IEEE Transactions
on Antennas and Propagation, pp.207-217 (1992).

13) Yin, J., Yang, Q., and Ni, L: Adaptive Temporal Radio Maps for Indoor Location
Estimation, Proceedings of the Third IEEE International Conference on Pervasive
Computing and Communications (PerCom2005), pp.85-94 (2005).

14) 0000000000000 O0U0O0O0O0OU00ODOOOUDO0O0ODOOOUUOO0OLAND
00000D00oo0ooDoooooooooooog Cd Vol.126, No.10, pp.1212-1220
(2006).

15) 0000000000000 O0Olocky.jp: 00 LANODOOODODODODODOOOOO
000000000000 o0DOO0oOooO0oo00o0o0b00obO0oDOOoDOoonog No.9o,
pp-25-31 (2005).

16) D00000000000000D0 LANODOUOODOOUOOoooooooooo
00000000000000 Vol.47, No.12, pp.3124-3136 (2006).

17) 0000000000000 00O0OUO0DO0OUDO LANODOOOOUOOooooo
0000000000000 0000000 oo0U Vol.2007, p.300 (2007).

18§) DO0000o0ooO0oo00oo0oo0ooOoooooUooOooUoooooooOo
000000000000 0000000000000D0000000D0O 00O Vol.48,
No.3, pp.1349-1360 (2007).




