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[Abstract]

GPS is the representative positioning technology for providing the location information. This technique has the disadvantage
that does not operate in the shadow areas, such as urban or dense forest and the interior. This paper proposes a hybrid indoor
positioning algorithm, which estimates a more accurate location of the terminal using strength of the Wi-Fi signal from the indoor
AP. To determine the location of the user, we establish the most appropriate path loss model for the measurement environment.
by using the RSSI value measured in a variety of environment such as building structure, person, distance, etc. The path loss
exponent obtained by the path loss model is changed according to the environment. REKF, PF estimate the position of the
terminal by using measured value from the AP with path loss exponent. For more accurate position estimation, we select
positioning system by the value of threshold measured by experiments rather than a single positioning system. Experimental results
using the proposed hybrid algorithm show that the performance is improved by about 17% than the conventional single positioning
method.
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Table 1. Signal reduction of the dynamic obstacle.

existence
human -44.237

nonexistence error (dB)
-44.919 0.682
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Table 2. Signal reduction of the static obstacle.

existence nonexistence error (dB)
concrete wall -50.532 -42.315 8.217
fake wall -48.669 -42.928 5.741
iron door -52.349 -43.137 9.212
double wall -67.942 -31.137 36.805
between floors -78.282 -42.211 36.071
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Table 3. RSSI measurement standard deviation.

office corridor error (dB)
standard deviation 1.722 1.778 0.056
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Table 5. REKF/PF average error at each location.

an average error (m)
location REKF correction PF correction
before after berfore after
1 3.88 3.38 2.82 2.69
2 2.10 1.43 2.81 2.19
3 2.71 2.51 3.66 2.90
4 3.93 2.92 2.10 1.96
5 3.42 2.46 245 2.28
6 3.29 2.92 2.29 2.32
7 5.28 4.62 1.90 1.88
8 3.51 3.46 3.28 2.91
9 3.44 3.00 1.73 1.52
measurement count : 1,000
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Fig. 9. Performance evaluation experiment .environment of
correction algorithm.
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Table 6. Comparison of the average error between algorithms.

REKF
2.51
3.00

PF
2.90
1.52

REKF/PF average
2.18
2.42

far from AP
near from AP
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Fig. 10. Error pathern analysis of experimental threshold.

Initialization

K, = GetRobustKalmanFilter(AP_Information, Effective RSSI, Tolerance_Ratio);
P, = GetParticleFilter(AP_Information, Effective_RSSI, Tolerance_Ratio);

IF Algorithm_Selection(&P_information, Effective_RSSI, Min_APCount,
Tolerance_Ratic)
N =P,
ELSE
No={(P X+ KX /2 (Y +KY)/2}
END TF

SetDisplayPosition(Ny

aJ3 1. sto|=2|E La|F
Fig 11. Hybrid algorithm.
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Fig. 12. Selection process of positioning algorithm.

FA] Al A o] 91+ AP
l%k% ZIeo® QA Bk 2
1 PFe] A0, YAt Kot
KFo} PFe] 59] A ghs
AR A Aol s &
ol A= A% sf|le] whet
= " 119 e = S

AA Q1 dloly 22143 AIZE ool
8 RSSI7} &3 Z9-+= PF, 444 Bt & 4% PFe}
REKF9] 9] (x,y)oll thgh ko] 2 59 1] 43
S 23S Ea) & 5= gtk 2ol whk 9 AIRES Holuk= 7
G- e A Aol Axte] Gt ks AREgh

WA %7]8 WA S A X 1 REKF9} PF 412 &S
sste] ¥} 7k K, PtE A=th PROIAE 3% 573 %¥ REKF
A FoiXl g KeE 7] #to= Astal o] 5 Aeojwl A
S aEE st 7 AA RS vaLska, d 271
2} Ntoll PtE AR8-8 #] oUH sho]He|= ¢harg]5e] REKF
9} PFS] FH A& AR & A gt

7oA FaE= 59 daE|E] oA 19 1379 2
o] ZFefaA vebd 4= 2dch A 53?%?*—"» Wi 7ol A =
o] APHEE M35} AP9) Xﬂi
MAC 49} H/de] AP9] 9%

2}z

-

2 g

MNP oaQ Mo opE o px oo

% 138 59) 58 o) Vel of
o= Al gl vl ol
WA wRlelA] 917} Al e

7oA =3

;i

Tl APE HAEaL,



T zF
& gk

o1 A

=0

=T
Fig. 13. Detailed selection flowchard of positioning algorithm.
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Table 7. Environment value used in the experiment.

environment value
path loss exponent 3.5
base threshold value -37
status noise 1
measurement noise 1
base AP quantity 3
particle quantity 2,000
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Table 8. Measured RMSE results for each algorithm.

measurement | pp pAISE(m) | KF RMSE(m) | HF RMSE(m)
location
1 131 311 1.92
2 392 5.67 3.18
3 1.66 271 1.53
4 271 324 2.14
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Fig. 14. Cross-sectional diagram and positioning point.
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