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Introduction
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• Maritime surveillance of vessels at long distances is up-to-
date research topic!

• The focus –>> High-resolution algorithms in High Frequency 
Surface Wave Radars (HFSWRs)...

NEW ALGORITHMS DEVELOPED BY VLATACOM INSTITUTE!

vessel location estimation…



Introduction
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• The proposed algorithm is based on a high-resolution
estimate of the range-Doppler (RD) map

• A numerically efficient Image Processing method for
detection on the range-Doppler map is also proposed…

• Azimuth estimation is performed by a high-resolution MUSIC-
type algorithm that is executed for all targets detected on the
range-Doppler map.

                              Less computation…



Introduction to OTHRs
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System and signal model
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The developed 
algorithms are based on 

the high-resolution 
evaluation of the Range-
Doppler (RD-HR) map...

Signal model

System model



The overview of the high-resolution algorithm for 

vessel detection in HFSWR  
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HIGH RESOLUTION 

RANGE-DOPPLER MAP (LEFT) vs FFT BASED 

RANGE-DOPPLER MAP (RIGHT)
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Non-uniform Range-Doppler map estimation
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Target detection on the RD-HR map
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Azimuth estimation for targets detected 

on the RD-HR map
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The analysis of all vessel’s detections
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The display of all vessel’s 
detections (yellow 

markers) in a small part 
of the area, with AIS data 

as a benchmark (light 
blue tracks) in a time 

interval of 5 h for 
different detection 
parameters of the 

proposed algorithm: 

(a) K=5 and normalized 
threshold = 0.2 

(b) K=5 and normalized 
threshold = 0.1 

(c) K=10 and normalized 
threshold = 0.2

(d) K=10 and normalized 
threshold = 0.1.



The analysis of one vessel’s detections
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The display of all detections 
of the selected vessel

in a time interval of 1 hour 
for different detection 

parameters of the
proposed algorithm: 

a) K = 5 and γ = 0.2
b)  K = 5 and γ = 0.1 
c) K = 10 and γ = 0.2 
d) K = 10 and γ = 0.1



High target resolvability rate
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The display of two vessels (rounded in red) that were very close to each other (left) 
and zoomed display of these vessels (right).



Sector for Research, Development and Implementations 14

Detection results up to 300 km



The comparison of tracks (colored)

with AIS (white)
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Tracking results (VIDEO)
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Less execution time of the algorithm 
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Execution time reduction
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Sea clutter and RFI supression
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Ionospheric interference supression
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The suppresion of interference 

grouped by azimuth
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New algorithm VS WERA comparison
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The ratio of total number of detections and detections within 
vessel contours for all vessels

The percentage of detection success of high-resolution 
algorithm and WERA algorithm

Period of 

time



New algorithm VS WERA comparison
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𝑃d and 𝑃f of two arbitrarily selected vessels in a time interval of one hour

Algorithm parameters

Algorithm parameters



New algorithm VS WERA comparison
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RMSE for range (top left), azimuth (top right) and Doppler frequency (down)



Advantages
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✓ Better ship detectability…
✓ Ability to detect some ships, which are not visible at all using

the currently used primary signal processing algorithms
✓ The proposed detector is more suitable for detection in high

resolution range-Doppler map than classical CFAR
✓ The nature of the MUSIC-based criterion function is more

suitable for application of such kind of detectors, especially
for close ranges in the RD-HR map

✓ Numerically efficient !



Implementation
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Published papers related to new developed 

high-resolution algorithms
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Conclusion
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• In this presentation, we demonstrated how new developed
algorithms for primary signal processing in HFSWR work in
real situations →we achieved great detectability!

• The contributions → high-resolution method for estimating
the RD-HR map, computationally more efficient non-uniform
variant, compensation of the Doppler shift before high-
resolution azimuth estimation, more convenient detection
algorithm…

• The chalenge → future improvements in order to have better 
detection of small targets...



Thank you for your attention!

Any questions?

info@vlatacom.com
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