Indoor Positioning System using Near Real-time R
adio Maps in Fingerprinting based on Bluetooth L

oW Energy

Presenter : Kuei-Ping Chang
Advisor : Kai-Wei Chiang

Positioning, Orientation and Integrated Navigation Technologies Lab

Department of Geomatics, National Cheng Kung University



Introduction

2017/4/6



U PRINTe =%

€3 Bluetooth

SMART

" /) LigBee
C' Bluetooth

Wi-Fi ZigBee Bluetooth BLE

Power

. High Very Low Low Very Low
consumption

Depending on

Depl t .
eploymen existing APs

Easy Easy Easy

Supported by

Yes No Yes Yes
smartphones

Cost High Low Medium Low

eI LT TV

http://goo.gl/Aho63m ; https://goo.gl/kBvDr1 ; http://goo.gl/fUfdzs ; http://goo.gl/moFqoA


http://goo.gl/Aho63m
http://goo.gl/Aho63m
https://goo.gl/kBvDr1
https://goo.gl/kBvDr1
http://goo.gl/fUfdzs
http://goo.gl/fUfdzs
http://goo.gl/moFqoA

Beacon

RSS! Distribution Map (880 , 10metermax , 65 * 65)
14

12

76
8| {7

* Off-line phase

[l 5 -
o + 8@ b
84

e

* Radio maps

72
74

TTTT =
e

Coordinate
Cx. 37D 4
Cax, D, >/ >, -}

Cx. 27D,

Coordinate
Cx. Dy
Cx. 3D

A Beacon

Coordinate RsSSI1 2 4 6
Cxc. 37D 4 {RSSZ,., --
Cxc. 37D {RSSI=.

-76

-78
-80
82
-84
-86

-58

P —

RSS! Distrbution Map (882, 10metermax , 65 * 65)
14

Cx, >,

wm
=

RSS! Distribution Map (38-1 , 10metermax , 65 * 65)
14

* 8271 -78
* 7758

#+ -78.08

S Distribution Map (883 , 10metermax , 65 *65)

88

72
e-
76
Bl {78

+ 43 .

1 B

B

£

+ 7788 &

1
2 = 5 8

5|+ BO8 P
% 84

&3
2 £
0 2 4 6 8

RSS! Distribution Map (88-3 , 10metermax , 65 * 65)
1

12 + 7877

Coordinate 0
(€0 p v g
. 37D N

: 6

Cx. ), 4

2

)

0 2 4

200.gl/ijWf54 ; http://goo.gl/I85R0Q ;



http://goo.gl/ijWf54
http://goo.gl/ijWf54
http://goo.gl/J85R0Q
http://goo.gl/J85R0Q
http://goo.gl/QIAgx4
http://goo.gl/QIAgx4

U PRINTe =%

* Time consuming

* The environment presented by radio maps is different from the on-lin
e phase

 Shorter calibration beforehand

* Less efforts to construct and maintain radio maps
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"+ Inverse Distance Weighting (IDW)

RSSI o = z w;RSSI,

dju
w; = Z, T '+ d; —J(x — x)° +(; —y)*

ej=1,...,N, Nisthe number of main stations
* (x}, yj) : the coordinate of j-th main station

°* U : exponent parameter
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"» Enhanced V\(ﬂeighted K-nearest Neighbor (EWKNN)
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Exponent parameter in radio maps & orientation correction

Placement and number of main stations
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RMSE (main stations closed to beacon)
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* Radio maps
* updated every 30 minutes
* Exponent parameter (u) : 3
* Main stations
* Let one main station near to a beacon
* One main station is in the center
- Kalman filter

* Updated every 5 mins
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* Positioning accuracy : 0.9 to 1.6 meters

* Construction and maintenance of radio maps are finished automatical
ly

* Provide stable indoor positioning accuracy with several low-cost beac
ons and main stations
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* Perform in different circumstances for evaluating its repeatability
* The effect of human on BLE signals
* Wi-Fi beacon for real-time positioning system

* Combine with PDR
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