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Introduction:  NASA’s Mini-RF instrument on the 

Lunar Reconnaissance Orbiter (LRO) is a hybrid-polar-
ized, dual-frequency synthetic aperture radar (SAR) that 
operates at wavelengths of 12.6 cm (S band) and 4.2 cm 
(X/C band) [1]. Mini-RF initially operated as a mono-
static system – i.e., the instrument antenna transmits and 
receives – at a fixed incidence angle of 47° and with 
spatial resolutions of 30 m and 150 m. A transmitter 
anomaly led to Mini-RF transitioning to a bistatic archi-
tecture; transmitting from the ground at Arecibo Obser-
vatory (AO) or the Goldstone deep space communica-
tions complex antenna DSS-13 and receiving at the 
LRO spacecraft. In this architecture, the incidence angle 
varies as a function of the observation geometry and the 
data have a spatial resolution of ~100 m.  

One of the primary payloads of ISRO’s Chan-
drayaan-2 orbiter is the Dual-Frequency SAR (DFSAR) 
instrument [2]. DFSAR is also a dual-frequency mono-
static system, operating at 24 cm (L band) and 12 cm (S 
band) and has a selectable slant-range resolution from 2 
m to 75 m, along with standalone (L or S) and simulta-
neous (L and S) modes of imaging. Various features of 
the instrument include hybrid and linear full (quad) po-
larimetry modes of imaging, a wide range of imaging 
incidence angles (10° to 35°), and the sensitivity to op-
erate in a radiometry mode [2]. 

Combined these instruments can characterize the ra-
dar scattering properties of the lunar surface and near 
subsurface at depth scales < 1 cm to > 3 m. Broad spatial 
coverage is expected for incidence angles between 10° 
and 50°, with more narrow coverage possible at inci-
dence angles < 10° or > 50°. These data can be used to 
provide fundamental and unique insights into volatile, 
impact, and volcanic processes on the Moon, as well as 
support for future landing site selection. 

Operations (Mini-RF): Mini-RF operated as a 
monostatic radar from shortly after the launch of the 
LRO spacecraft in June of 2009 through to December of 
2010. In that time, Mini-RF collected S band and X 
band data at both 150 m (a.k.a. baseline) and 30 m 
(a.k.a. zoom) resolution modes. The majority of these 
data, however, were collected at S band in zoom mode. 
Data available for this mode cover > 66% of the surface 

and > 95% of the poles. Semi-controlled global mosaics 
of these data are available at the PDS [3] and controlled 
mosaics of these data for both poles have been produced 
by the USGS [4]. The latter mosaics provide shadow-
free access to polar crater floors at a resolution of 30 m 
(Fig 1.). 

 
Fig. 1. Portion of Mini-RF east-looking controlled po-
lar mosaic showing the prominent south polar craters 
Haworth (51 km dia.), Shoemaker (51 km dia.), and 
Faustini (39 km dia.).  

 In December of 2010 the transmitter experienced a 
malfunction and ceased to operate, precluding further 
monostatic data collection. Shortly after the transmitter 
failed, Mini-RF began operating in concert with AO and 
DSS-13 to collect bistatic radar data of the Moon. This 
architecture allows for the radar scattering properties of 
the surface and subsurface to be measured over a range 
of incidence and bistatic angles (i.e., equivalent to phase 
angle for optical instruments), which was not possible 
in Mini-RF’s original monostatic configuration  (inci-
dence angle = 47º; phase angle = 0º). To date, 33 S band 
and 44 X band bistatic observations have been collected 
of the nearside and poles (Fig. 2). 

 
Fig. 2. Portion of a Mini-RF bistatic observation 
(2017_350_1) covering the crater Atlas (88 km dia.). 
Radar data is overlain on LOLA 256 ppd topography, 
shaded to simulate the geometry of the radar observa-
tion. North is to the left. 
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Operations (DFSAR): DFSAR is currently acquir-
ing monostatic data from a 100 km circular polar orbit 
and will observe at incidence angles that range from 
9.6° to 36.9°. The SAR will operate in conventional 
stripmap mode with swath coverage of 10 km (Fig. 3.). 
Slant range resolution is selectable from 2 m to 75 m, in 
eight discrete steps, corresponding to chirp bandwidths 
of 75 MHz to 2 MHz, respectively. The data acquisition 
period is typically 8 minutes in each 2-hour orbit, pri-
marily during the dawn-dusk timeframes. Imaging of 
both poles between 80° and 90° latitudes using the L 
band full-polarimetric mode will be prioritized. High-
resolution imaging over identified regions of the poles 
is planned to identify/investigate various geological 
processes. This will be followed by dielectric constant 
and surface roughness estimation of selected regions us-
ing the full-polarimetric mode at both frequencies. De-
tailed science imaging modes and corresponding con-
figuration settings are given in [2]. 

 
Fig. 3. Illustration of DFSAR operational characteristics. 

Objectives (Mini-RF): Over the 10 years LRO has 
operated, Mini-RF has addressed broad science objec-
tives involving volatile, impact, and volcanic processes 
on the Moon [e.g.,  3, 5-10], as well as modeling of the 
radar response of materials at Mini-RF frequencies [11-
15]. For the current spacecraft extended mission, Mini-
RF continues to collect bistatic data that address LRO 
science objectives related to: the vertical distribution of 
water; the form and abundance of water ice; how im-
pacts expose and break down rocks to produce regolith 
on the Moon and other airless bodies; the present rate of 
regolith gardening; and how lunar volcanism has 
evolved over time. 

Objectives (DFSAR): The Chandrayaan-2 DFSAR 
is the first fully polarimetric SAR to orbit the Moon and 
has been designed to address a variety of near-surface 
processes. The high-resolution S-band data will be uti-
lized, along with data obtained at a similar frequencies 

from Mini-RF and ground-based observations, to char-
acterize the regolith and understand the radar scattering 
properties of various geologic units (Fig. 4). The orbital 
L band polarimetric SAR, being utilized for the first 
time for lunar studies, will enable deeper penetration 
into the regolith. Simultaneous imaging of the poles at 
L band and S band is planned to address one of the ma-
jor science goals of this instrument: the unambiguous 
detection of polar water ice deposits. Other scientific 
objectives of DFSAR include estimation of dielectric 
constant values, and quantitative estimation of regolith 
thickness and distribution at selected regions using the 
differences in the backscatter observed at both frequen-
cies, as a function of incidence angle. 

 
Fig. 4. Secondary crater showing enhanced Radar Scat-
tering due to presence of meter scale boulders on the 
inner crater wall on the floor of Manzinus D Crater in 
lunar south pole as seen in the m-delta decomposition 
image of DFSAR L-band hybrid polarimetric data. 

Summary: Radar data provide fundamental infor-
mation on the structure and dielectric properties of the 
lunar surface and buried materials within the penetration 
depth of the system(s) [e.g., 16-18]. They also have the 
advantage of being sensitive to the physical form of wa-
ter ice, if present at scales of multiple wavelengths 
[19,20]. The continued operation of Mini-RF and the 
addition of DFSAR in orbit around the Moon provide 
both complementary and unique capabilities for meas-
uring these properties and for addressing a wide array of 
LRO and Chandrayaan-2 science objectives. 
References: [1] Raney R. K. et al. (2011) Proc. IEEE, 99, 
808–823; [2] Putrevu et al. (2016), ASR, 57, 627-646; [3] Ca-
hill J. T. S. et al. (2014) Icarus, 243, 173-190; [4] Kirk R. L. 
et al. (2013) LPSC XLIII, Abstract #2920; [5] Neish C. D. et 
al. (2011) JGR 116, E01005; [6] Carter L. M. et al. (2012) JGR 
117, E00H09; [7] Spudis P. D. et al. (2013) JGR 118, 1-14; 
[8] Stickle A. M. et al. (2016) Icarus, 273, 224-236; [9] Pat-
terson G. W. et al. (2017) Icarus, 283, 2-19; [10] Morgan et 
al. (2018), 49thLPSC #1897; [11] Thompson T. W. et al. (2011) 
JGR 116, E01006; [12] Thomson B. J. et al. (2012) GRL 39, 
L14201; [13] Prem P. and Patterson G. W. (2018) LPSC XLIX, 
Abstract #2134 ; [14] Virkki A. K. and Bhiravarasu S. S. 
(2019) JGR, E006006; [15] Heggy E. et al, EPSL, in press; 
[16] Campbell et al. (2010), Icarus, 208, 565-573; [17] Raney 
et al. (2012), JGR, 117, E00H21; [18] Campbell (2012), JGR, 
117, E06008; [19] Slade et al. (1992), Science 258, 635-640; 
[20] Black et al. (2001), Icarus 151, 167-180. 

Red: Even Bounce  
Green: Volume 
Blue: Odd Bounce Scattering

Radar Look 
Direction

2507.pdf51st Lunar and Planetary Science Conference (2020)


