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ABSTRACT

The Soil Moisture Active/Passive (SMAP) mission is a NASA
mission identified by the NRC “decadal survey” to measure
both soil moisture and freeze/thaw state from space. The
mission will use both active radar and passive radiometer
instruments at L-Band. In order to achieve a wide swath at
sufficiently high resolution for both active and passive chan-
nels, an instrument architecture that uses a large rotating
reflector is employed. The active radar will further utilize
SAR processing in order to obtain the sub-footprint resolu-
tion necessary for the geophysical retrievals. The SMAP
radar has a unique geometry where the antenna footprint is
continuously rotated about nadir in a conical fashion, as
opposed to the more common side-looking SAR design. In
additional to the unconventional scan geometry, the SMAP
radar must address the effects of Faraday rotation and ra-
diofrequency interference (RFI), both consequences of the L-
Band frequency of operation.

1. INTRODUCTION

In January 2007, the U.S. National Research Council
(NRC) released the first-ever decadal survey of Earth sci-
ence, Earth Science and Applications from Space: National
Imperatives for the Next Decade and Beyond [1]. The study
was sponsored by NASA, NOAA, and USGS in order to
provide community consensus recommendations to guide
the agencies’ space-based Earth observation programs in
the coming decade. This “decadal study” report recom-
mended a set of 17 missions in three time phases to achieve
the needed observations.

The Soil Moisture Active/Passive (SMAP) Mission was rec-
ommended to launch in the first part of the decade (2010 -
2013). The science objectives of SMAP are to provide fre-
quent, global measurements of surface soil moisture and sur-
face freeze/thaw state. These measurements will be used to
enhance the understanding of water, energy, and carbon cy-
cles, as well as improve weather and climate prediction. To
measure both soil moisture and freeze/thaw state at the re-
quired resolution, a combined active/passive L-Band micro-
wave instrument is needed [2].

The key instrument requirements were determined by the
SMAP science working group to be: 1) Dual-polarization
(linear H and V) L-Band radiometer measurements at 40 km
resolution, 2) Linear HH, VV and HV L-Band radar meas-
urements at 3 km resolution or better, and 3) A wide swath to
insure global three-day refresh time for these measurements
(1000 km swath at the selected orbit altitude of 670 km).

As a solution to this set of requirements, a 6-meter, conically-
scanning reflector antenna architecture was selected for the
instrument design. The deployable mesh antenna is shared
by both the radiometer and radar instruments by using a sin-
gle L-Band feed. Whereas the radiometer resolution is de-
fined in the standard manner as the real-aperture antenna
footprint, the higher resolution radar measurements are ob-
tained by utilizing synthetic aperture radar (SAR) processing
(see Fig. 2). This paper focuses on the design trade-offs and
performance characteristics of the SMAP radar. Although
large deployable mesh antennas have been used in space-
borne communication applications, this will mark the first
time such technology is applied in a rotating configuration
for high-resolution remote sensing. The unique aspects asso-
ciated with extending standard SAR techniques to the coni-
cally scanning radar geometry will also be addressed.

Figure 1 - Artist rendition of SMAP in orbit.
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Figure 2 - SMAP measurement geometry showing radiome-
ter swath, and high- and low-resolution radar swaths.

2. OVERALL INSTRUMENT DESCRIPTION

2.1 Instrument Architecture

As with most microwave instruments, the antenna is the
dominant instrument subsystem that both determines the
ultimate measurement performance and governs spacecraft
accommodation. In order to meet the 3-day revisit require-
ment at the equator, a wide measurement swath is necessary.
The radiometer and radar resolution requirements at L-Band
dictate that a relatively large antenna aperture must be em-
ployed. As determined by previous trade-off studies (see
[2]), the most economical approach for accomplishing the
required simultaneous radiometer and radar requirements is
to utilize a shared antenna/feed approach. A reflector anten-
na was chosen to ensure that system calibration require-
ments, primarily for the radiometer, are met. Large, rotating
antennas have been proposed for L-Band remote sensing in
the past (see [3]). As shown in Fig. 2, rotating the reflector
in a conical fashion about the nadir axis provides a wide
swath of measurements at a constant incidence angle. A
variety of other instrument architectures were considered
(phased array, separate antennas for radiometer and radar,
etc.), but the rotating shared reflector approach was found to
be optimum in terms of maximizing performance while min-
imizing implementation cost and risk.

The overall SMAP architecture is shown in Fig. 3, with the
rotating reflector assembly, feed assembly, radiometer elec-
tronics subsystem, and radar electronics subsystem indicat-
ed.
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Figure 3 - SMAP instrument functional block diagram.

2.2 Antenna Reflector/Spin Assembly

Due to the relatively large size of the required reflector (6-
meter projected aperture), a deployable structure is neces-
sary. Deployable mesh reflector technology is quite mature
for spaceborne communications applications, and analyses
of the mesh material have indicated its acceptability for re-
mote sensing applications [3]. The unique aspect of the
SMAP application is the necessity for rotating the large an-
tenna. At the nominal SMAP altitude of 670 km, the reflec-
tor must be rotated at a rate of 14.6 rpm to maintain contigu-
ity (i.e., minimum overlap) of the measurements in the
along-track direction. Key requirements that must be met
by the reflector assembly include: 1) All RF performance
requirements (gain, beam efficiency, etc.) must be met under
the spinning conditions, 2) The total momentum generated
must be within the amount the spacecraft is capable of com-
pensating, and 3) The disturbances resulting from residual
imbalances must be sufficiently small as to not effect overall
pointing or impart excessive loads to the spin motor bear-
ings.

The baseline feed assembly design employs a single horn,
capable of dual-polarization and dual frequency (radiometer
frequency at 1.41 GHz, and the radar frequencies at 1.26 and
1.29 GHz). As shown in Fig. 3, the radar and radiometer
frequencies will be separated by diplexers and routed to the
appropriate electronics for detection. Note that, in the base-
line design, the radiometer electronics are located on the
spun side of the interface. Slip rings provide a signal inter-
face to the S/C. The more massive and more thermally dis-
sipative radar electronics are on the despun side, and the
transmit/receive pulses are routed to the spun side via an two
channel RF rotary joint.



Table 1 - SMAP instrument parameters.

Antenna Key Parameters

Beamwidth (1-way, 3 dB) 2.6°

Look Angle, Incidence Angle 35.0°,39.3°
Peak Gain 36 dBi
Rotation Rate 14.6 rpm

Radiometer Key Parameters

Center Frequency 1.41 GHz
Resolution (root footprint area) 38 km

Channels Ta, T, Uas
Bandwidth, Integration Time 25 MHz, 84 msec
Precision 04K

Calibration Stability 0.5K

Total Relative Error 0.64 K

Radar Key Parameters

Transmit Frequencies 1.26 GHz (H), 1.29 GHz (V)
Channels HH, VV, HV

PRF, Pulse Length 3.5 kHz, 40 psec

Azimuth Dwell Time 37 ms

Transmit Bandwidth 1 MHz

Peak Transmit Power 200 W

Single-look res (broadside) 250 m x 400 m

Noise Equiv. ¢° (broadside) -34 dB

2.3 Radar Parameters

To obtain the required 3 km and 10 km resolution for the
freeze/thaw and soil moisture products, the radar will em-
ploy pulse compression in range and Doppler discrimination
in azimuth to sub-divide the antenna footprint. This is
equivalent to the application of synthetic aperture radar
(SAR) techniques to the conically scanning radar case [4].
Due to squint angle effects, the high-resolution products will
be somewhat degraded within the 300-km band of the swath
centered on the nadir track (see Fig. 2 and Fig. 4), with azi-
muth resolution capability decreasing over this region as the
target area approaches the nadir track. The baseline system
has both V- and H-pol channels. An additional channel
measures the HV cross-pol return.
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Figure 4 - Radar measurement geometry as a function of scan
angle. The spacecraft velocity vector is shown as v,. Also
shown are the iso-range and iso-Doppler contours that gov-
ern the radar pixel formation.

There are two requirements placed on the radar relative er-
ror. The soil moisture measurement requirement places a 0.5
dB relative error on both the vertical and horizontal co-
polarized backscattering coefficient measurements at 10 km
resolution. The freeze/thaw state measurement places a 1 dB
requirement on the relative error of each vertical and hori-
zontal co-polarized backscatter measurement at 3 km resolu-
tion. The radar relative error depends on the signal-to-noise
ratio (SNR) and the number of independent samples, or
“looks”, averaged in each measurement, as well as the rela-
tive calibration error. Looks will be obtained by averaging in
both range and azimuth. The 1-MHz bandwidth will yield a
ground range resolution of approximately 250 m and will
result in a minimum of 12 looks in range for 3 km cells and
40 looks for 10 km cells.

As shown in Fig. 4, the Doppler diversity will be maximized
at a scan angle perpendicular to the platform velocity, lead-
ing to a single-look azimuth resolution of approximately 400
m. The single-look resolution will degrade as the scan angle
approaches the platform velocity vector (6,, = 0 in Fig. 3),
reaching 1500 m at the inner swath edge (150 km cross-
track). Table 1 provides a summary of the SMAP instrument
performance requirements.

To evaluate the pixel resolution size, a point target simulator
was constructed. This simulation includes all of the geomet-
ric effects discussed above as well as the antenna pattern roll-
off effects. The resulting Point Target Response Function
(PTRF) indicates the spatial response associated with a given
pixel, including side-lobes and range/Doppler ambiguities.
The PTRF analysis verified that: 1) The range (elevation)
resolution is approximately 250 m, 2) The azimuth resolution
varies as expected as a function of the azimuth position of the
antenna, with the best resolution of 400 m obtained for the
side-looking case, and 3) Range/Doppler ambiguities do not
exceed -20 dB, with the worst-case ambiguity levels experi-
enced for the side-looking beam geometry.

2.4 Faraday Rotation

The ionosphere is a gyrotropic media, and has a well-
known impact on radar measurement at L-Band. For typical
surface polarimetric properties, it is straightforward to calcu-
late the measurement error as a function of the Faraday rota-
tion angle (see Fig. 5). The SMAP orbit is dawn/dusk geo-
synchronous, with the primary soil moisture observation oc-
curring at around 6 am local time. This ensures that the Far-
aday rotation angle is around 5 degrees on average, and that
the resulting error in backscatter cross-section is no more
than around 0.1 dB.

2.5 Radio-Frequency Interference (RFI)

Anthropogenic radio emissions are a know interferer for
both passive and active remote sensing. Both airborne and
spaceborne systems have shown the L-Band spectral region
to be susceptible. Must emissions at L-Band, however, are
relatively narrow band. Because the SMAP radar itself is a



narrow band system (1 MHz linear chirp) the strategy for
SMAP is to have the center transmit frequency commanda-
ble. If persistent RFI is encountered in a given band over a
given region, the center frequency is simply commanded to a
location in the spectrum. Despite the best efforts to operate
the SMAP radar in a “clear” band, it is inevitable that some
RFI contamination will be observed. Therefore, as a second
strategy, RFI filtering and detection will be performed as part
of ground data processing. Most RFI is observed to be from
pulsed radar sources on the Earth. Work performed to data
indicates that these pulsed signals are readily identifiable
amongst the noise-like SMAP returns from the Earths sur-
face. Further, simulated techniques to excise the samples
contaminated by RFI have been effective at producing
SMAP radar measurements where the residual contamination
is small. (SMAP radar RFI mitigation is discussed in more
detail in Reference [6]).
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Figure 5 — Co-Pol backscatter cross-section measure-
ment error as a function of uncorrected one-way Faraday
rotation.
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