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Wi-Fi ZigBee Bluetooth BLE

Power 
consumption

High Very Low Low Very Low

Deployment Depending on 
existing APs

Easy Easy Easy 

Supported by 
smartphones

Yes No Yes Yes 

Cost High Low Medium Low 

Wireless Communication Technology

http://goo.gl/Aho63m ; https://goo.gl/kBvDr1 ; http://goo.gl/fUfdzs ; http://goo.gl/moFqoA
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Fingerprinting 
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• 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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Motivation and Purpose



Methodology 
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• Main stations
• Radio map

• Kalman filter  estimate glob
al RSSI corrections
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Flow chart
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Methodology 

Kalman filter

Main stations

After 1st 
radio 
maps 
produced

updateinitiation

prediction

update

prediction

User
(after 
orientation 
correction) 
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Algorithm
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•  
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Radio Maps Production-IDW

(Jukka, Markku and Elena , 2015)
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•  
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Global RSSI Correction () 

 

Received by 1 st main station from 4 th beacon

 used to produce radio maps

 used to update KF
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•  
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Fingerprinting algorithm-EWKNN



Experiments and Analysis
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Devices 

Beacon Main station
(USBeacon)

User 
(iPhone 5s)

Power : 10 metermax Scanning frequency : 1 HzScanning frequency : 1 Hz



142017/4/6

Experimental scenarios
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• Exponent parameter in radio maps & orientation correction
• Placement and number of main stations
• Updating frequency of KF
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Experiments 

Smaller Interpolation Area Maximum Interpolation Area Main Station Closed to Beacon
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Case  Points Area
Performance of orientation 

corrections model

Smaller 

Interpolation Area

P1 i 3 Not good

P2 i 3 Not good

P3 i 3 Not good

Maximum 

Interpolation Area

P1 i 3 Not good

P2 i 3 Not good

P3 i 3 Not good

Main Station 

Closed to Beacon

P1 i 3 Not good

P2 e 3 Good 

P3 e 3 Good 

Case  Points Area
Performance of orientation 

corrections model
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Interpolation Area

P1 i 3 Not good

P2 i 3 Not good

P3 i 3 Not good

Maximum 

Interpolation Area

P1 i 3 Not good

P2 i 3 Not good

P3 i 3 Not good

Main Station 

Closed to Beacon

P1 i 3 Not good

P2 e 3 Good 

P3 e 3 Good 
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 Exponent parameter and orientation correction
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Placement - 4 Main Stations 
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Placement - 5 Main Stations 

Maximum Interpolation Area Main Station Closed to Beacon
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Number of Main Station

4 main stations 5 main stations
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Updating frequency of KF

5 mins 9 mins 10 mins 12 mins

P1 P2 P1 P2 P1 P2 P1 P2

Mean 1.52 0.633 1.534 0.979 1.540 0.702 1.628 0.952

Std 0.659 0.638 0.739 0.732 0.734 0.673 0.731 0.650

RMSE 1.657 0.898 1.703 1.222 1.706 0.972 1.784 1.153



212017/4/6

Performance of the Proposed System

P1 P2 P3

Original 
RSSI (m) 2.0521 2.4329 2.8929

Proposed 
system (m) 1.6569 0.8983 1.6199

19.3% 63.1% 44.0%



Conclusions and Future works
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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

2017/4/6

Conclusions 
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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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Conclusions 
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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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Future works
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