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Abstract- A spectral difference method is used to quantify the 
magnitude and extent of radio-frequency interference (RFI) 
observed over the U.S. in the Aqua AMSR-E radiometer 
channels. A survey using data from the AMSR-E instrument 
launched in May 2002 shows the interference to be widespread 
in the C-band (6.9 GHz) channels. The RFI is located mostly, 
but not always, near large highly populated urban areas. The 
locations of interference are persistent in time, but the 
magnitudes show temporal and directional variability. Strong 
and moderate RFI can be identified relatively easily using an 
RFI index derived from the spectral difference between the 6.9 
and 10.7 GHz channels. Weak RFI is difficult to distinguish 
however from natural geophysical variability. These findings 
have implications for future microwave sensing at C-band, 
particularly over land areas. An innovative concept for 
radiometer system design is also discussed as a possible 
mitigation approach. 

I. INTRODUCTION 

The Advanced Microwave Scanning Radiometer (AMSR-E) 
[l] was developed by the National Space Development 
Agency of Japan (NASDA) and launched on board the 
National Aeronautics and Space Administration (NASA) 
EOS Aqua satellite on May 4,2002. A sister instrument, the 
AMSR [2] on the Japanese ADEOS-I1 satellite, was 
launched in December 2002. Both sensors have dual- 
polarized channels near 6.9 GHz for ocean and land surface 
sensing applications. Early examinations of AMSR-E 
instrument data have shown evidence of extensive Radio- 
Frequency Interference (RFI) in the 6.9 GHz brightness 
temperature measurements. This paper provides a 
preliminary analysis of the magnitude and extent of the 
interference. Our primary objective is to identify, survey, 
and quantify the RFI. The study results will provide useful 
information on the utility of the 6.9-GHz channels for land 
surface studies (in particular for soil moisture sensing), and 
will indicate potential problems and directions for 
improvement in the future radiometer missions. 

II. AMSR-E DESCRIPTION 

The AMSR-E instrument follows the heritage of spaceborne 
imaging radiometers including the Scanning Multichannel 
Microwave Radiometer (SMMR), the Special Sensor 
Microwavenmager (SSM/I) and the Tropical Rainfall 
Measuring Mission (TRMM) Microwave Imager (TMI). 
AMSR-E makes dual-polarized passive microwave 
measurements at six frequencies: 6.9, 10.7, 18.7, 36.5, and 
89 GHz. From the 705-km Aqua orbit the antenna nadir 

angle of 47.4" provides an Earth incidence angle of 55'. The 
antenna beams scan conically about the nadir axis. The *61' 
active portion of the azimuth scan angle provides an 
observation swath width of 1445 km. The orbit is Sun- 
synchronous with equator crossings at 1:30 pm and 1:30 am 
local solar time. Additional details of the radiometer and 
antenna characteristics can be found in [l]. 

The AMSR-E Level 1A data are generated at the NASDA 
Earth Observation Center (EOC) in Japan. The Level 1A 
data contain sensor counts and coefficients needed to 
compute antenna temperatures and, subsequently, surface 
brightness temperatures at level 1B. The level 1A data are 
sent to the Physical Oceanography Distributed Active 
Archive Center (PO.DAAC) located at the Jet Propulsion 
Laboratory in Pasadena, California. From there the data are 
transmitted to the U. S. AMSR-E Science Information 
Processing System (SIPS). The SIPS has two components, 
one located at the Remote Sensing Systems (RSS) facility in 
Santa Rosa, CA, and the other at the Global Hydrology and 
Climate Center (GHCC) in Huntsville, AL. At the RSS 
SIPS, Level 2A brightness temperatures are generated by 
reconstructing the AMSR-E antenna gain patterns at each 
channel to five footprints, corresponding to the footprint 
sizes of the 6.9, 10.7, 18.7, 36.5 and 89 GHz observations 
[3]. The sampling intervals are approximately 10 km for the 
four low resolutions, and 5 km for the highest resolutions. 
The level 2A data contain as a subset the level 1B data. The 
Level 2A data are sent to the GHCC SIPS for higher-level 
processing. The data products are subsequently transferred 
to the National Snow and Ice Data Center (NSIDC) DAAC 
in Boulder, CO for archiving and distribution. 

III. RFI AND NATURAL EMISSION CHARACTERISTICS 

Microwave radiometers are sensitive devices designed to 
measure relatively weak naturally emitted thermal radiation 
over broad spectral bands. Man-made emissions from active 
microwave transmitters are distinctly different from those of 
natural sources in terms of intensity, spatial variability, 
polarization and spectral characteristics. Although typically 
narrowband, these signals have high power levels that can 
cause spurious measurements and saturate a radiometer 
receiver if the transmissions fall within its measurement 
frequency band. From a radiometric point of view these 
interfering sources are classed as radio-frequency 
interference or RFI. RFI signals typically originate from 
coherent point targets, i.e., radiating devices and antennas. 
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Their power levels are several orders of magnitude higher 
than natural thermal emissions, and are often directional and 
can be either continuous or intermittent. RFI originates 
from a wide variety of sources, typically clustered near 
highly populated areas and centers of technical and 
industrial activity. 
Natural radiation emitted by the Earth‘s surface and 
atmosphere are very different than RFI. The radiation is 
spatially distributed and consists of broadband incoherent 
microwave emissions. At the AMSR-E low-frequency 
channels the atmosphere is relatively transparent and the 
polarization and spectral characteristics of the received 
microwave radiation are dominated by emission and 
scattering at the surface. Over land, the emission and 
scattering depend primarily on the water content of the soil, 
the surface roughness and topography, the surface 
temperature, and the vegetation cover [4]. The surface 
brightness temperatures tend to increase with frequency 
(positive spectral gradient) due to the absorptive effects of 
water in soil and vegetation that also increase with 
frequency. However, as the frequency increases, scattering 
effects from the surface and vegetation also increase, acting 
as a factor to reduce the brightness temperatures. When 
volume scattering effects dominate, the brightness 
temperature spectrum can become flat or even have a 
negative gradient, i.e., the AMSR-E brightness temperature 
at 10.7 GHz can be lower than at 6.9 GHz. However, at 
frequencies below 30 GHz scattering effects are usually 
limited, and such brightness temperature spectral decreases 
are moderate at most. RFI at C-band is the only possible 
cause for the brightness temperature at 6.9 GHz to be 
significantly higher than at 10.7 GHz. Thus, large positive 
differences obtained by subtracting the 10.7-GHz brightness 
temperatures from the 6.9-GHz brightness temperatures 
(negative spectral gradients) can be used to separate RFI at 
6.9 GHz from the natural emission background. In this 
paper we examined primarily the low frequency Ah4SR-E 
channels (18 GHz and lower) over soil and vegetated land 
surfaces. It should be noted that scattering signatures can be 
much stronger for other surfaces such as dry snow, ice and 
some desert surfaces. In these cases, the spectral gradient 
may not be a good indicator of RFI 

IV. RFI IDENTIFICATION 

Fig. 1 shows an example of the horizontally polarized 
AMSR-E brightness temperatures at 7 GHz for a descending 
pass over the United States, where several visible “hot 
spots” far exceed feasible levels for naturally emitted 
radiation. These are potential locations of RFI. To examine 
the RFI and spectral characteristics in detail, we sub- 
sampled the AMSR-E data in the along track direction, as 
indicated by the white line near the center of the swath in 
Fig. 1. The largest RFI hot spot along this line is located at 
Denver, Colorado. To examine the spectral signatures, we 
examined the spectral differences of the sub-sampled 
brightness temperatures for both vertical and horizontal 
polarizations and founded that the RFI at 6.9 GHz is 
delineated best by the negative spectral gradients between 
6.9 and 10.7 GHz (Le., TBlOV-TB7V and TBlOH-TB7H), 
which can have magnitudes as large as 100 IC. For the 

vertical polarization (top panel), strong RFI can be classed 
as (TBlOV-TB7V) < -10 K, and moderate RFI as -10 K < 
(TB 1 OV-TB7V) < -5 K. The horizontal polarization data 
can be similarly classed. Based on this observation, we have 
used the negative spectral difference as an RFI Index (RI). 
Le., the RI at 6.9 GHz for polarizationp is FU7p = TB7p - 
TBlOp. This RFI index can be used not only to identify the 
location of RFI but also to quantify its intensity. The larger 
the RI, the stronger the RFI. Note that a slightly negative RI 
does not necessarily suggest that the region is RFI-free, 
since the RFI-free TBlOp is intrinsically higher than the 
RFI-free TB7p (i.e., negative gradient). Weak RFI could 
increase RI slightly, but not enough to make it positive. We 
would like to emphasize that the Level 1B and 2A data used 
here were experimental release of AMSR-E products. The 
brightness temperatures were not yet fully calibrated at the 
time of this study. Therefore the thresholds presented here 
are likely to change once the AMSR-E data are well 
calibrated and formally released. 

A survey of RFI over North and Central America was 
generated by processing and merging multiple swaths of 
AMSR-E data for both vertical and horizontal polarizations. 
The merged ascending pass swath data for the U.S. are 
shown in the two panels of Fig. 2 for V and H polarizations. 
For reference, in the lower panel the locations of U.S. cities 
with populations above 100,000 have been indicated by 
asterisks (*). The city locations were extracted from the 
United Nation database, which many contains errors in city 
population and city latitude and longitude. These maps are 
useful for understanding RFI spatial and temporal variations 
and investigating the sources and spectra. Several distinct 
features are visible from the maps: 

In North and Central America, the RFI is confined 
mostly within the continental U.S. There is very 
little RFI in Canada and Mexico. 
The RFI occurs mostly at or near major U.S. cities 
or airports, with some exceptions. Some RFI can 
be distinguished along major highways. The 
possible RFI sources include, but are not limited to, 
facilities for cable TV relay, wireless 
communication, airport radar, and manufacturing 
operations, etc. 
Most RFI does not appear to favor vertical or 
horizontal polarizations, with some exceptions. 
The RFI intensities are different for ascending (near 
1:30 pm) and for descending passes (near 1:30 
a.m.), which may reflect differences in human 
activity patterns between day and night. Also, 
differences in RFI between ascending and 
descending passes may be due to differences in the 
AMSR-E antenna azimuth viewing direction of RFI 
sources. 

V. RFI-SUPPRESSION RADIOMETER-A NOVEL CONCEPT 

Although RFI Contamination is an emerging challenge for 
spacebome radiometry, it has been a well-known problem 
for active sensors for years. Over the last decade, many RFI 
suppression technologies have been developed successfully 
for ultra wide-band radar systems [5 ] .  Those technologies 
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can be adopted for radiometry with certain modifications to 
the radiometer system design, which can be understood 
through comparisons between active and passive sensors. 

Active sensors transmit coherent signals and perform 
coherent processing on the received backscattering signals, 
which have both coherent and incoherent components. The 
RFI is imposed on the coherent component with different 
spectrum signatures. Because coherent detection is used in 
active sensor, we can transform the received signals into 
frequency domain and filter out the RFI coherently and 
adaptively by seeking zero correlation between RFI and 
natural targets while minimizing the RFI prediction error. 

In a conventional radiometer, a square-law detector is often 
used to measure the total power received, which is an 
irreversible process since the nature radiation and RFI are 
summed together and cannot be separated. Because the 
phase information is discarded at the very beginning of data 
processing no spectrum information can be collected, and 
therefore RFI cannot be removed coherently in the 
spectrum domain. However, RFI removal capability can be 
added easily by replacing the square-law detector with a 
high-performance A/D converter and an on-board data 
processor. With the emergence of wideband, high dynamic 
range A/D converters, it is straightforward to implement 
such a new concept for radiometry. Once the spectra of the 
received signals are sampled coherently, the active RFI 
suppression technique can be adopted to remove the 
coherent part of the spectra from the incoherent thermal 
noise (Brightness temperature) background. 

VI. Discussion 
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Figure 1. AMSR-E brightness temperatures at 6.9 GHz, 
horizontal polarizations over the United States. 

In this paper we have examined only RFI over land. This 
does not necessarily suggest that there is no RFI over ocean 
regions, only that our first priority has been to examine the 
distribution of major RFI sources over land and their 
impact for land remote sensing. Also, we have analyzed 
primarily data over the United States since our preliminary 
survey indicated that this was the region with the most 
widespread and severe RFI. In subsequent studies the RFI 
over other land regions and ocean regions will be examined 
also. 
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Figure 2. RFI index (RI) survey maps over the U. S. using 
AMSR-E ascending pass measurements. Upper panel: 
vertical polarization. Lower panel: horizontal polarization 
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