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Outline 
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• GPS fails in 
urban/indoor areas due 
to the low received 
signal power and low 
visibility of satellites  
in such environments. 

 

• Therefore, non-GNSS 
navigation technologies 
is essential to fill the 
GPS navigation gap.  

 

 

Introduction 

The navigation gap [1] 
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• Utilising signals of opportunity 

is a viable alternative to GPS 

due to much higher power 

levels and wider coverage in 

indoor environments. 

• Many studies have effectively 

employed wireless networks for 

indoor localization based on the 

Received Signal Strength 

(RSS)-based location 

fingerprinting technique. 

 

 TV Signals 

Wi-Fi Signals 

Cellular Signals 

UWB 

ZigBee 

Bluetooth 

FM/AM Signals 
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• Locates the user by trying to find a match between the RSS measurements 

of the user and the RSS values of formerly fingerprinted reference points 

(RPs) with known locations in the area of interest. 

• Matching techniques 

ÁDeterministic methods 

ÁNN 

ÁKNN 

ÁKWNN 

ÁProbabilistic methods 

ÁHistogram 

ÁKernel 

ÁNeural Networks  

ÁSupport vector machine (SVM) 

ÁSmallest M-Vertex Polygon (SMP) 

 

Location Fingerprinting 



IGNSS Conference, July 14-16 July, 2015 6 

Location fingerprinting technique [2] 
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• Minkowski Distance  
• Manhattan 

• Euclidean 

• Chebychev 

• Canberra Distance 

• Cosine Distance 

• Sorensen Distance 

• Hellinger Distance 

• Chi-square Distance 

• Jeffrey divergence 

 

Problem: Distance Measures 
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• Analysing NN method only as the simplest and popular algorithm. 

• “Minkowski distance” between two points is defined by 

 

 

 
– P is the number of APs. 

– q is the norm parameter. 

– q=1        Manhattan distance 

– q=2        Euclidean distance 

– q=Inf     Chebychev distance 

– Fingerprint vector of rth RP 

– Fingerprint vector of TP 

 

ü Gaussian distribution model assumption is considered  

        for RSS at all points. 

 

 

 

Analytical Model 
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Sorensen distance 

Canberra distance 

Cosine distance 

Hellinger distance 

Chi-square distance 

Jeffrey distance 
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• When  RPl is the nearest neighbour to TP, the 

correct positioning in NN method occurred when:  

 

Probability of Error (POE) Definition 



IGNSS Conference, July 14-16 July, 2015 11 

The probability of correct positioning is then 

The probability of wrong positioning or POE is  
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Å6 m x 6 m indoor 
area  

Å36 RPs  

Å20 uniformly 
distributed TPs 

ÅThe RP separation is 
1m 

ÅThere are four APs at 
the corners 

ÅRSS values are 
generated using log-
distance path loss 
model 

 

Simulation and Numerical Results 
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Analytical vs Simulation 
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POE/ Mean Distance Error  
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Vector Distance Comparison 
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• Dimension: 23m x 
11m 

• Reference Points 
(RPs) :  119 

• Test Points (TPs) :    
28  

• Access Points (APs): 
5  

• Sensed FM 
channels:17  

• Data acquisition 
time:  12 sec, 120 
samples 

Real Experiment and Results 
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Minkowski Comparisons 
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Other Distance Measures 

Euclidean distance is the best VD for NN. 

Manhattan distance is the best VD for the KNN and KWNN. 
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FM Positioning Results (Minkowski Comparisons) 
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Comparing all VDs, 

the best accuracy is 

achieved by the 

Canberra distance, 

18% higher than 

Euclidean distance. 

FM Positioning Results (Other Distance Measures) 
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• Nine different VDs are investigated for NN method of indoor 

location fingerprinting using the POE concept. 

• The simulation results demonstrate that employing Euclidean 

distance shows the lowest error. 

• The real experiment results indicate that  

•  In a Wi-Fi fingerprinting system, Euclidean distance for 

NN and Manhattan distance for KNN or KWNN give the 

least error. 

•  In FM fingerprinting, however, Canberra distance provides 

up to 18% higher accuracy than Euclidean distance. 

 

Conclusion 
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The End 


