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Introduction: Synthetic aperture radar (SAR) fo-

cusing is a key step in the analysis of radar sounding 

data produced by both airborne [1] and spaceborne [2] 

instruments. At its core, SAR focusing leverages the 

Doppler phase history of surface and subsurface targets 

in order to coherently recombine their alongtrack off-

nadir reflections; thereby improving the signal-to-noise 

ratio (SNR), collapsing diffraction hyperbolae, and 

highlighting subsurface reflectors. As SAR focusing re-

orders energy in two-dimensions (i.e. fast-time and 

slow-time), assessing the quality of the final radargram 

is often subjective and qualitative. Here we present 

three approaches for the quantitative comparison of 

three types of SAR focusing when applied to the same 

orbital sounding input dataset. 

Data and SAR Methods: The orbital radar sound-

ing data used in this study are SHARAD orbit 10589 

[3]. These data were chosen as this orbit crosses the 

Martian North Polar Layered Deposits (NPLD) and 

contains numerous subsurface reflections while main-

taining a computationally manageable length 

(~300km). Unprocessed SHARAD 10589 data have 

been retrieved from the NASA PDS and range com-

pressed and ionosphere corrected following [4]. 

The SAR strategies being compared are incoherent 

stacking, delay Doppler SAR, and matched filter SAR. 

Incoherent stacking represents the incoherent averaging 

of adjacent range lines within some window, while 

delay Doppler and matched filter SAR focusing utilize 

the phase information. The delay Doppler and matched 

filter methods are differentiated by their treatment of 

radar propagation velocities in the subsurface; delay 

Doppler assumes all propagation is at the speed of light 

[2], while matched filtering attempts to account for 

radar wave refraction at the surface [1]. 

Results: The range compressed, incoherent stack-

ing, matched filter SAR, and delay Doppler SAR fo-

cused radargrams are presented in Figures 1a, 1b, 1c, 

and 1d, respectively. Radargram SNR amplitudes are 

presented in decibels [dB] where noise levels have 

been estimated in each radargram using the first 250 

fast-time samples (not shown). Incoherent stacking 

reduces speckle in the radargram but does not collapse 

diffraction hyperbolae or yield a significant increase in 

reflection SNR. In contrast, after either matched filter 

or delay Doppler SAR focusing (both methods employ 

a 30km aperture and the results are multi-looked), the 

SNR of surface and subsurface reflections are noticea-

bly increased and diffraction hyperbola are effectively 

collapsed.  

Trace-to-Trace Correlation Metric. The first quan-

titative quality metric used to asses the various SAR 

focusing methodologies is the direct correlation be-

tween adjacent range lines or traces (Figure 1e). This 

metric reveals that the highest trace-to-trace correlation 

is observed in the incoherent stacking result, followed 

by the matched filter, and delay Doppler. The range 

compressed result exhibits the lowest trace-to-trace 

correlation. This is not unexpected as incoherent stack-

ing employs a 36 sample horizontal running mean; 

thereby smoothing the radargram in slow-time and in-

creasing the degree of similarity between adjacent 

range lines. 

Edge Quality Metric. The second quantitative qual-

ity metric is the likelihood that a particular range line 

contains a certain number of reflection edges (Figure 

1f). Edges are defined using a two-dimensional Canny 

edge detection algorithm applied to each radargram 

with the same signal-defining SNR thresholds. The 

results show that more edges are likely to be observed 

in the delay Doppler radargram; while incoherent 

stacking and matched filter SAR radargrams actually 

exhibit less edges than the solely range compressed 

result. 

Pixel SNR Probability Metric. The final quantita-

tive quality metric is the probability that an individual 

pixel exhibits a particular SNR (Figure 1g). From Fig-

ure 1g, it is clear that pixels in the matched filter and 

delay Doppler SAR focused radargrams are more likely 

to exhibit higher SNR compared to those in the range 

compressed and incoherent stacking results. Further-

more, Figure 1g also demonstrates that pixels in the 

delay Doppler SAR focused radargram are less likely 

to exhibit low SNR amplitudes than those in the 

matched filter radargram. This suggests delay Doppler 

SAR focusing achieves improved speckle reduction 

relative to matched filter SAR focusing. 

Conclusions: Here we present three approaches for 

the quantitative interpretation of orbital radar sounding 

radargrams. These approaches can be used either inde-

pendently or in concert in order to differentiate and 

assess then quality of SAR focusing and inform various 

subsequent interpretations or analyses. For example, if 

continuity of the surface echo is desired in a subse-
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quent radargram interpretation, incoherent stacking 

processing is likely to be ideal as it yields the most 

similarity between adjacent range lines. In contrast, if 

the goal is to characterize subsurface reflections, delay 

Doppler SAR focusing will likely be preferred as it 

suppresses speckle and yields the greatest number of 

reflection edges. Finally, these quality metrics can also 

be used to evaluate changes in SAR data processing 

parameters, such as apertures and number of incoherent 

looks. 
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Figure 1. SHARAD orbit 10589 radargrams [dB] after a) range compression, b) incoherent stacking, c) matched 

filter SAR, and d) delay Doppler SAR processing. Comparison of quantitative quality metric assessment results for 

e) the trace-to-trace correlation, f) the likelihood that a range line exhibits a specific number of edges, and g) the 

probability that a pixel exhibits a specific SNR amplitude. 
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