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3. PERFORMANCE ASSESSMENTS RESULTS

1. INTRODUCTION AND OBJECTIVES OF THE WORK

4. CONCLUSIONS

�𝑽𝑽𝒙𝒙, �𝑽𝑽𝒚𝒚

 Degradations experienced by targets moving in SAR images:
Along-track velocity Defocusing effect
Radial velocity Azimuth mislocation

 Traditional motion estimation techniques:
Single platform, multi-channel Unsuitable for constellations of
small satellites

 New Space Era:
Miniaturization of SAR platforms  Attention focused on

constellations of small satellites

FOCUS OF THE WORK
• Full velocity vector estimation of surface movers

already detected in SAR images. The satellites
operate in squinted geometry.

• Dual platform (k=1,2), dual-channel acquisition 
Along-track interferometric phase (ATI) based
estimation technique.

• Dual platform (k=1,2) single-channel acquisition
 Doppler rate based velocity estimation
technique.

2. PERFORMANCE ANALYSIS
Complex SAR image corrupted by zero mean additive
   white gaussian disturbance
Estimation accuracies 𝝈𝝈𝜹𝜹𝑽𝑽𝒙𝒙 and 𝝈𝝈𝜹𝜹𝑽𝑽𝒚𝒚  given by:   
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As the SNR increases, a general improvement in performance can be observed for both methods (with Autofocus general improvement also at high velocities)
ATI based method: maximum achievable accuracy for the Vy component ⋍ 2 m/s
Doppler-rate based method: maximum achievable accuracy for the 𝑉𝑉𝑥𝑥 component
Exploring joint exploitation of ATI and Doppler rate from both platforms to enhance the performance
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2. ESTIMATION ALGORITHM AND PERFORMANCE ANALYSIS
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 Refocusing before ATI  maximize the 𝑆𝑆𝑆𝑆𝑅𝑅0 and defocusing loss compensation,
                                                  general improvement at high velocities
 Validation of theoretical analysis  large agreement with Monte Carlo 

simulations  
 Estimation variances independent of velocity searching for optimum 

configuration

SYSTEM INVERSION

 
𝐻𝐻          570000 m
𝑌𝑌𝑠𝑠           265795,36 m
𝜃𝜃𝑟𝑟                   25°

𝜆𝜆                  0,03 m
d                  6/4 m

V                  7,5 km/s

CASE STUDY : MONOSTATIC ACQUISITION IN LEO
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• Higher sensitivity to along-track velocity 
• Worse cross-track estimation capabilities
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 Inversion of the system implies a linearization
error

 Linearization errors are proportional to the target 
velocity negligible errors for slow movers (e.g. 
ships) while higher errors experienced for faster 
targets (e.g. vehicles)

In all cases limited impact of the 
linearization error

Achievable accuracy in presence of noise

Precision limits due to linearization

The accuracy of the y-component improves
when angular separation Δ𝛾𝛾 increases  
higher sensitivity to 𝑉𝑉𝑦𝑦

 The estimate of 𝑉𝑉𝑥𝑥 is less sensitive to changes 
in angular separation

 Proposed technique guarantees good
performance in the estimate of the velocity  
possibility to estimate velocity components 
with single-channel SAR platforms 
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Validation of theoretical analysis  large agreement with 
Monte Carlo simulations  
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