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The problem of Multi-target tracking, based on raw Radar data ambiguous in Range and Doppler, is addressed. A modeling setup, including Range/Doppler ambiguities and 
eclipsing effects, is introduced for a Track-Before-Detect (TBD) surveillance application. This leads to a fairly straightforward Particle Filter (PF) implementation. The 
designed PF succeeds in resolving Detection, Tracking, Ambiguity and Eclipsing problems over time. An interesting extension would be to also include clutter effects both in 
Doppler and Range.  

Abstract 

  

Range eclipsing 
Pulse eclipsing occurs due to the 
receiver being switched off while 
the radar is transmitting another 
pulse. 

 
 
 
 
Doppler eclipsing 
A blind velocity occurs when the 
Doppler frequency falls close to the 
PRF. 

 

This folds the return signal into the same filter as stationary clutter reflections. 
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Modeling  
State vectors                                  ,      
•                                    mth target position and velocity; 
•        modulus of the mth target amplitude; 
•         binary Markov variable modeling the mth target existence. 
 

Dynamic model 
 
 
 
 
 
 

Measurement model 
 
 
 

Complex amplitude 

Value of the reflection form of the mth target in the cell (ijl)  

Complex white Gaussian noise i.i.d.  Received signal 

Let us define the reflection form 
      

 as 

• Apparent target range:                 
 

• Target azimuth: 
 

• Apparent target doppler: 

with,   

Ambiguities 

  

Range ambiguity 
A second pulse is transmitted prior to the return of the first pulse.  
 
 
 
 

Doppler ambiguity 
Phase variation from pulse to pulse instead of frequency shift. 

This causes reflected signals to be folded, so that 
the apparent range is a modulo function of the 
true range. 

This causes reflected signals to be 
folded, so that the apparent radial 
velocity is a modulo function of the 
true radial velocity. 

Target apparent range 

Target apparent radial velocity 

  

   Simulations & Results 

The designed PF, initially with a large estimation error due to ambiguous data, 
identifies the targets range and radial velocity, and then converges to the targets 
state.  
The proposed method can adapt to any type of waveform and allows you to fully 
benefit from the frequency agility of the radar. 


