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Target Localisation 

To provide a greater level of situational 
awareness for units in an operational area

Locating  their own units 

Locating RF emissions



Localisation

Range based

Range free Centralised

Distributed

TOA, TDOA, RSS

Knowledge of connectivity 
possibilities

Sensors perform many 
calculations and analysis to 
locate the target

Sensors pass information 
to Fusion centre

Mobile Ad-hoc Sensor Network (MASNET)
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System Model

Mixed Separated

Centralised Range based Localisation

• Each sensor acquires the time information of the received signal and 
transmit it to the fusion centre

• The fusion centre converts this information to the corresponding distances 
between target and sensors nodes 



Two sets of distance problems

≡ All sensors detect• Distances are noisy 
• Some distances are missing ≡ Not all sensors detect
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Problem Formulation

DT

DTS

DS

: distances between target nodes
: distances between target and sensor nodes
: distances between sensor nodes (known)

• Euclidean Distance Matrix (EDM) have useful properties and are used in applications such 
as crystallography, acoustics,… 

• EDM is a symmetric hollow matrix of squared distance between points
• Rank of an EDM is at most “d+2”, where d is the dimensional space
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Alternating Rank based EDM 

Noisy 
distances (D)

embedding 
dimension (d) 

Alternating rank based algorithm

• After algorithm’s convergence, the relative 
positions for target and sensors are computed

• These positions may be rotated and/or 
translated

• Exploiting Procrustes Analysis, the absolute 
position of target is computed



Results
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• Localisation error is the distance between the estimated and actual target positions.
• The delay parameter is the mean of exponential random variable
• Low delay values corresponds to less noise and vice versa 



Results

• LLS is worse than EDM due to outliers resulting from larger errors in the measured distances
• Localisation error using all ten and four sensors are close enough in low noise region
• Localisation error is larger for separated than mixed 



Mixed Separated

• The sensor nodes in the separated scenario experience similar receiving 
time information, hence similar distance measurements. 

• This leads to an  EDM which is not well separated in terms of distances 
and hence not well conditioned.
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• For no outlier 
case, we assume 
that all sensors 
experience similar 
delay 

• Delay 
distribution for 
no outlier case is 
uniform with 
small standard 
deviation

In some rare cases, using EDM can lead to better performance for chosen four sensors than 
using all ten sensors 
Reason : Chosen four sensors are close to the target and experiencing overall small delay 

Results 



Conclusion

•  At high delay values the proposed algorithm outperforms the conventional LLS algorithm

• Localisation error depends on the amount of delay and the operating scenario for the 
sensors (separated or mixed)

• The sensor nodes in the separated scenario experience similar receiving time 
information which results in larger localisation error than in the mixed scenario

• The proposed algorithm is less sensitive to outliers




