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GPS Bistatic Radar
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Bistatic Radar Measurement

GPS bistatic radar measurements:

Magnitude of reflected power ® reflectivity ® soil moisture
Distribution of reflected power ® surface roughness

Delay of reflected signal ® receiver height above surface
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Application to Soil Moisture

• Soil moisture affects microwave emission/reflection at surface
• For GPS Bistatic Radar:

• Soil moisture > permittivity > Fresnel reflectivity > scattered power

• L-band wavelength less sensitive to vegetation/surface roughness 
• SMEX02 was first coordinated test of GPS bistatic radar over land

• Used 12 channel Plessey GPS receiver in delay-mapping mode

• Footprint is range-limited by GPS pseudorandom code, but forward 
scattering from land surface may look “specular” for surface 
roughness meeting Rayleigh criterion

• Assumptions about measured reflected SNR
• Incident power at surface constant (true to less than 1 dB change over 

study period)
• AGC on reflected signal constant over study period (scene temp 

constant over summer?)

• Temporally unchanging surface roughness
• Surface roughness, elevation angle, receiver height unchanging
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SMEX02 Campaign

• Coordinated USDA/NASA campaign during June/July 2002

• AMSR soil moisture validation over Iowa Walnut Creek watershed

• Measurements to be compared with GPS Bistatic Radar:
• JPL PALS L/S-band radar/radiometer coincident on C-130 aircraft

• NOAA PSR scanning radiometer on P-3 aircraft
• 32 field sites (soil moisture, surface roughness, vegetation)
• Classification maps (LULC, NDVI, etc.)

• C-130 low altitude flight lines

• Collected measurements on all eight flights: 6/25,27;7/01,02,05-08

• Aircraft height at ~1100 m AGL
• Auto selection of highest elevation sat (nearest nadir incidence)

• Elevation angles between 65-85 deg

• Footprint size: Fresnel zone ~ 20m or somewhat larger

• Collected water reflections for possible relative calibration of Â
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GPS Bistatic Radar Config

• Delay mapping receiver (DMR) developed by Katzberg & Garrison 
based upon dual front-end, GEC-Plessey 2010/2021 chipset
• 5 channels operate in a nominal zenith tracking mode connected 

to an RHCP patch antenna
• 7 channels operate open loop, measuring the scattered power at 

specified chip offsets with respect to the direct signal

• Reflected signals received on matched LHCP patch mounted on 
aircraft belly

• Operates autonomously w/

• PC-104 computer
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GPS Bistatic Radar on C-130

Rackmount PC-104 Plessey GPS receiver

LHCP antenna on C-130 belly
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SMEX02 Flight Lines

• Typical low-altitude C-130 daily flight lines in Iowa

Lake calibration

Walnut Creek Watershed

Des Moines
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SMEX02 Flight Lines

• In situ soil moisture locations in Walnut Creek watershed

Lake calibration

Walnut Creek Watershed

Des Moines
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Lake Calibration

Lake calibration

Low altitude area

• Lake data to 
be used as 
possible 
calibration 
source

• Assumes fresh 
water 
reflectivity and 
a priori
roughness 
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Satellite Signal Tracking

• GPS receiver software designed 
to auto-track highest elevation 
satellite

• 2-3 sats tracked per day
• Elevation angles 60-85 deg
• Repeat tracks each day

• Sat azimuth caused signals to 
reflect from up to 600 m away 
from nadir track

• Flight times similar each day, 
so similar tracks

S
at

el
lit

e 
el

ev
at

io
n 

an
gl

e 
(d

eg
)

UTC Time

PRN 24
PRN 10

PRN 23



Colorado Center for Astrodynamics Research
University of Colorado

12 Dallas Masters

Peak Power Estimate

Previously-measured, finely sampled
Plessey direct signal waveform

SMEX02 typical land-reflected signal waveform

• Peak power of reflection estimated during optimal filter processing of 
“specular” model waveform against reflected waveform

• Simultaneously estimates peak power and delay of reflected waveform 
results in minimum SSR of waveform differences
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Sensor Footprint

• High resolution orthophoto of Walnut Creek watershed showing GPS
sensor track samples averaged to 1 Hz (~80 m smearing along track)

• Footprint nominally first Fresnel zone (~20 diameter when receiver is 
at 1100 m height AGL

• Georeferencing of specular point by hybrid Wu-Meehan algorithm 
using GTOPO30 1-km elevations above MSL; MSL from EGM96

SNR (dB)
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Sensor Specular Sensitivity
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Sensor Specular Sensitivity
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GPS vs. PALS Sensor
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PALS data courtesy of Njoku at JPL
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GPS Reflectivity Maps

20020625

20020627

20020701
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20020707
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GPS SNR maps made by 
bilinear interpolation of 
SNR track data to 100 m 
UTM grid

Kernel smoothed with 4x4 
mean

Maps clearly show soil 
moisture spatial variations 
over study area

Daily maps show general dry 
period until precip event on 
July 4-5 in western area

Wide scale precipitation  on 
July 6

Drying conditions afterward

Dry                               SNR (dB)                      Wet
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Change Detection Maps
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Following similar techniques 
for PALS data in SGP99, 
change detection maps 
produced from SNR daily 
maps

SNR reflectivity changes with 
respect to June 25 show 
show precip patterns 
across space time

SNR (dB)
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GPS vs. in situ Soil Moisture

SNR (dB) In situ Volumetric Soil Moisture (V/V)
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GPS vs. in situ Soil Moisture

• For some representative sampling 
sites, GPS SNR and field site in 
situ measurements

• GPS SNR shows trend in soil 
moisture following precip events

• Trends in in situ soil moisture are 
followed well by GPS SNR time 
history
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GPS Soil Moisture Trends

• For all in situ sites, GPS reflected 
SNR plotted versus volumetric soil 
moisture

• Much scatter, but generally exhibits 
expected trend such as radiometer 
response

• No discernible response to crop 
type

* Corn

* Soybean
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SMEX02 GPS Summary

• Receiver operated autonomously, collected quality data set on all of 
the C-130 flights

• Reflected signals seemed mostly specular

• Reflectivity maps show spatial distribution of precip events favoring 
the western part of the Walnut Creek watershed

• Maps show qualitatively the temporal history of soil moisture

• Time series of measured GPS SNR correlate well with ground in situ
soil measurements

• Issues to resolve in SMEX02 datasets:
• Antenna azimuth gain pattern variations on direct (reflected?) signal
• Normalization by direct signal power (?)
• Attempt simple specular model of GPS SNR and anchor to water 

reflectivity to estimate soil reflectivity
• Attempt to anchor GPS SNR value to in situ soil moisture measurement 

and predict spatial temporal values of soil moisture changes

• Very encouraging initial results of new remote sensing idea
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Directions

BAO Tower: NOAA Boulder Atmos. Obs., Erie, CO, 
300 m platform for long-term, static land reflection 
measurements collected from May-Dec. 2002; part 2 
of experiment planned with better antenna suite

CLPX03: Cold Land Processes, DMR receiver 
mounted on P-3 for upcoming measurements

SMEX03: Soil Moisture Experiment, P-3 deployment 
receiver will also operate during SMEX03

• Possible directions from here:
• Measure multiple reflections for greater spatial coverage

• Use calibrated higher gain antenna for reflected signal reception 

• Power calibration of reflected signal
• Synergies with radiometers for surface roughness 

measurements


