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NASA’s Earth observing Soil Moisture Active & Passive (SMAP) Mission is scheduled to 
launch in November 2014 into a 685 km near-polar, sun-synchronous orbit.  SMAP will 
provide comprehensive global mapping measurements of soil moisture and freeze/thaw state 
in order to enhance understanding of the processes that link the water, energy, and carbon 
cycles. The primary objectives of SMAP are to improve worldwide weather and flood 
forecasting, enhance climate prediction, and refine drought and agriculture monitoring 
during its three year mission. The SMAP instrument architecture incorporates an L-band 
radar and an L-band radiometer which share a common feed horn and parabolic mesh 
reflector. The instrument rotates about the nadir axis at approximately 15 rpm, thereby 
providing a conically scanning wide swath antenna beam that is capable of achieving global 
coverage within three days. In order to make the necessary precise surface emission 
measurements from space, the electronics and hardware associated with the radiometer 
must meet tight short-term (instantaneous and orbital) and long-term (monthly and mission) 
thermal stabilities. Maintaining these tight thermal stabilities is quite challenging because 
the sensitive electronics are located on a fast spinning platform that can either be in full 
sunlight or total eclipse, thus exposing them to a highly transient environment. A passive 
design approach was first adopted early in the design cycle as a low-cost solution. With 
careful thermal design efforts to cocoon and protect all sensitive components, all stability 
requirements were met passively. Active thermal control (ATC) was later added after the 
instrument PDR to mitigate the threat of undetected gain glitches, not for thermal-stability 
reasons.  Gain glitches are common problems with radiometers during missions, and one 
simple way to avoid gain glitches is to use the in-flight set point programmability that ATC 
affords to operate the radiometer component away from the problematic temperature zone. 
A simple ThermXL model (10 nodes) was developed to exercise quick trade studies among 
various proposed control algorithms: Modified P control vs. PI control.  The ThermXL 
results were then compared with the detailed Thermal Desktop (TD) model for 
corroboration.  Once done, the simple ThermXL model was used to evaluate parameter 
effects such as temperature digitization, heater size and gain margin, time step, and voltage 
variation of power supply on the ATC performance. A Modified P control algorithm was 
implemented into the instrument flight electronics based on the ThermXL results. The 
thermal short-term stability margin decreased by 10% with ATC and a wide temperature 
error band (±1.0oC) compared to the original passive thermal design.  However, a tighter 
temperature error band (±0.1oC) increased the thermal short-term stability margin by a 
factor of three over the passive thermal design. The current ATC design provides robust 
thermal control, tighter stability, and greater in-flight flexibility even though its 
implementation was prompted by non-thermal performance concerns. 
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Nomenclature 
 
ATC  = Active Thermal Control  
A2D  = Analog-to-Digital 
DTM  = Detailed Thermal Model 
GSFC  = Goddard Space Flight Center 
HITL  = Hardware-in-the-Loop 
JPL  = Jet Propulsion Laboratory 
NASA  = National Aeronautics and Space Administration 
PDM  = Product Delivery Manager 
PDR  = Project Design Review 
PI  = Proportional-Integral 
PID  = Proportional-Integral-Derivative 
P-P  = Peak-to-Peak 
RBA  = Reflector Boom Assembly 
RFE  = Radiometer Front End Electronics 
RFEA  = Radiometer Front End Assembly 
SMAP  = Soil Moisture Active and Passive 
TD  = Thermal Desktop 
TIM  = Technical Interface Meeting 
TVAC  = Thermal Vacuum 
 

I. Introduction 
 

he Soil Moisture Active Passive (SMAP) Mission, targeted for launch by the National Aeronautics and Space 
Administration (NASA) in 2014, will make global measurements of soil moisture and its freeze/thaw state by 

implementing an active radar and a passive radiometer that share a common L-band feed horn and a conically 
scanning six-meter mesh reflector antenna (Figure 1). Direct observations of soil moisture and freeze/thaw state 
from space will allow significantly improved estimates of water, energy, and carbon transfers between the land and 
the atmosphere, which in turn will lead to enhanced weather and climate forecasts, and improved flood prediction 
and drought monitoring capability. 

Development of the SMAP instrument suite is by a NASA partnership 
between the Jet Propulsion Laboratory (JPL) in Pasadena, California and 
the Goddard Spaceflight Center (GSFC) in Greenbelt, Maryland. GSFC is 
responsible for the radiometer and ground science data processing system, 
whereas JPL is responsible for the radar, overall instrument integration, 
and test and pre-launch mission management. The SMAP mission 
formulation including the measurement approach, preliminary mission 
requirements, and data products were discussed, and the state-of-the-art 
associated with existing active/passive L-band microwave systems were 
summarized in previously published papers[1][2][3][4][5]. SMAP’s unique 
nadir-spinning antenna platform generates a large swath that enables 
better than three day global coverage. The rotating dual-frequency 
radiometer and radar share a common feed, although only the radiometer 
has components located on the spinning platform. Signals are shared with 
rest of the S/C bus via slip rings. 

L-band active/passive heritage applications include the Aquarius/SAC-
D mission [6][7][8][9]. The Aquarius mission, which launched in June 2011, 
is flying both a scatterometer (radar) built by JPL and a radiometer built 
by GSFC that measures sea surface salinity. While the two missions are 
often compared, there are some significant differences which are 
important to point out when discussing thermal designs: SMAP is a 
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Figure 1. SMAP observatory 
with spinning 6m deployable 
mesh reflector antenna. The 
active radar and passive 
radiometer share a common L-
band feed horn. 
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made the ATC design greater than three times more stable than the passive thermal design. System level testing 
verified the ATC implementation was modeled correctly. 
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