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INTRODUCTION

- Understanding these properties can
provide a means of differentiating
between scattering indicative of
surfaces that are rough versus surfaces
that harbor detectible quantities of
water ice.

The Mini-RF team is acquiring bistatic radar measurements of the lunar surface
to understand the radar scattering properties of different materials as a
function of phase angle.

- These properties can be affected by the size and distribution of scatterers in a material and
the composition of the material.



BISTATIC OPERATIONS

1. Polar craters

2. Polar anomalous craters

3. Non-polar craters/ejecta blankets

4. Non-polar anomalous craters

5. Pyroclastic deposits

Target categories:



BISTATIC CAMPAIGN: NON-POLAR

• Target primary lunar terrains at a variety of phase 
angles
– Non-polar Target Feature

Ejecta Kepler

Ejecta Harpalus

Ejecta Bouguer

Ejecta Byrgius A

Ejecta La Condamine S

Mare Insularum

Mare Frigoris

Mare Imbrium

Mare Sinus Iridium

Pyroclastic Aristarchus*

Pyroclastic Sinus Aestuum

* Also a calibration target



 Arecibo transmits LHCP signal to the moon, the 
backscatter is received in orthogonal linear 
polarizations by MiniRF

 Goal: to explore radar backscatter characteristics 
as a function of bistatic angle, β
 Bistatic Angle: The angle between the transmitted and 

received signals (beta)

 Data is initially processed by Sandia National 
Laboratory into the real and imaginary parts of the  
horizontal and vertical polarizations

DATA ACQUISITION



 Described in: Bistatic_proc_calib.pdf
 The raw HI,HR,VI,VR data products are

 1. Available in the PDS
 2. Calibrated at APL and higher-level data 

products are calculated and provided to the 
PDS

DATA CALIBRATION



ACCESSING MINI-RF 
BISTATIC DATA IN THE PDS



Geosciences Node

http://geo.pds.nasa.gov/missions/lro/mrf.htm



 Two levels of product:
 Experimental Data Record (EDR): Level 0, 

bistatic radar images in range and azimuth 
orientation

 Reduced Data Record (RDR): Level 1, calculated 
from level 0 and resampled to 100 mpp. Includes: 
Stokes parameters, polarization ratio

 Derived Data Record (DDR): Level 1, ancillary 
data including pixel-to-pixel values for latitude, 
longitude, bistatic angle, incidence angle, and 
emission angle in degrees, and the range to the 
surface in km for the acquired data.

http://geo.pds.nasa.gov/missions/lro/mrf.htm

AVAILABLE BISTATIC PRODUCTS



http://pds-geosciences.wustl.edu/lro/lro-l-mrflro-
2_3_5-bistatic-v1/lromrf_2xxx/

TOP LEVEL INDEX



 Aareadme.txt: Introduction to the data set, the 
PDS record, and the file formats available

 Calib: contains the Mini-RF and Bistatic radar 
calibration documents

 Data: Contains the science data products 
organized by orbit number and product type

 Document: Contains the archive volume software 
interface specs describing the archive, the original 
MRF data products, and describing the bistatic
data acquisition and processing

 Extras: Contains reduced-size jpegs browse 
images produced from Level 1 data

 Index: Contains index formation on each data file 
included in the volume

SUBDIRECTORY SUMMARY



DATA DIRECTORY

 Includes all data 
products provided by 
the Mini-RF team (DDR, 
EDR, RDR) with labels

http://pds-geosciences.wustl.edu/lro/lro-l-mrflro-2_3_5-bistatic-
v1/lromrf_2xxx/data/ddr/

DDR subdirectory

RDR subdirectory



TYPICAL LABEL FILE EXAMPLE



USING MINI-RF BISTATIC 
DATA



2012-137:NEWTON EDR

HR

HI

VI

VR

N



2012-137:NEWTON RDR

Circular Polarization Ratio

S2

S3

0 1

S4

S1 (total backscattered power)

N



2012-137:NEWTON DDR

Incidence Angle

Emission Angle

Phase Angle (beta)

66 89

71 81

6 19

Latitude -
87

-
70

Longitude -175 175-7

S1 (total backscattered power)



2011-096:LOW POWER 1

Incidence Angle

47 50

Emission Angle

33 59

Phase Angle (beta)

0 16

S1 (total backscattered power)



2012-137:SINUS AESTUUM

Incidence Angle

11 25

Emission Angle

20 41

Phase Angle (beta)

7 28

S1 (total backscattered power)



2012-276:Kepler

0 1

Phase Angle

S1 (total backscattered power)

Circular Polarization Ratio

0 12

(Not yet in PDS)

N

20



2013-073:Kepler 

0 1

Phase Angle

S1 (total backscattered power)

Circular Polarization Ratio

5 17

(Not yet in PDS)
21



Circular Polarization Ratio

Phase Angle

0 1

0 12

2012-276:KEPLER (OCT. 2)

2012-276:Kepler



Circular Polarization Ratio

Phase Angle

0 1

5 17

2013-073:KEPLER (MAR. 14)

2013-073:Kepler 





BISTATIC CAMPAIGN: NON-POLAR



BISTATIC CAMPAIGN: NON-POLAR

Hapke et al., 1998



 Level 0 (EDR) and Level 1 (RDR, DDR) 
data products

 Projected onto a sphere, but currently we 
don’t have a sensor model

Provided Data



USING MINI-RF BISTATIC
DATA FROM THE PDS
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