Geoscience and Remote Sensing Society

Frequency Allocations in Remote Sensing
(FARS)
Technical Committee

Annual Meeting

July 14, 2014

Sidharth Misra (Chair)
Paolo de Matthaeis (Co-chair)

Slide 1



Geoscience and Remote Sensing Society

GPM Microwave Imager RFI Examples

RFI over Europe (Tb 10v)
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Agenda

e Update on membership
e Recent activities

e Update from CORF

o Update from NAS

— Study on active scientific use of radio spectrum

e Future initiatives
e FARS input requested
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FARS membership

o Current membership e Need to work towards increasing FARS

membership from other regions,

— 86 members particularly:
— Updated members list — India
— By employment — China

» Industry: 15 — Australia

» Government: 40 — Latin America

» Academia: 31 e Membership slightly “decreasing”:

. — By-product of updating membership
— By region information

» North America: 62
» Europe: 17

» Asia: 5

» Other: 2
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Recent Activities

National Academy of Sciences (NAS) meeting:

— At the suggestion of the AdCom, Paolo represented FARS at the NAS meeting on the Active
Scientific Use of Radio Spectrum

— Prof. Al Gasiewski from the study will be presenting at the FARS TC annual meeting

IUCAF 4t" School on Spectrum Management (Chile)
— FARS TC member present

Committee on Radio Frequencies (CORF) meeting:

— Both Paolo and | were invited by the CORF to join in their spectrum management related
discussions in D.C.

— Prof. Jasmeet Judge from CORF will be presenting at the FARS TC annual meeting
Space Frequency Coordination Group (SFCG) meeting:

SFCG is an advisory organization with members from Space Agencies and related national
and international organizations

— SFCG is concerned with the effective use and management of radio frequency bands
allocated to Space Research, Space Operations, Earth Exploration Satellite, and
Meteorological Satellite services

— FARS might have a greater involvement in the coming years as the role of observers is being
expanded

— FARS member input was requested on a few issues

Website updated
FARS article in the June 2014 issue of GRSM
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FARS Article in the June 2014 Issue
of the Geoscience and Remote Sensing Magazine
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3.0 RFI MITIGATION ALGORITHMS
RFI detection, mitigation, and in some cases estimation
algorithms developed for passive remote sensing can be
broadly classified in five categories

2010,

1) Spatial: This class of algorithms detects the presence of
RFI by comparing the pixel under test with its neigh-
boring pixels. This approach is good for high-powered
geographically isolated interference sources.

Temporal: These algorithms compare brightness tem-
perature samples in the time domain. They work best

for radar-type pulsed signals and are generally opti-

mal when the integration period of the radiometer is
matched 1o the offending interference pulse width [5)
The RFI source needs to be above the noise floor of the
measured signal for a successful detection.

3) Spectral: For Continuous-Wave (CW) narrowband
RFI sources a spectral algorithm gives optimal perfor-
mance. The algorithm compares spectral bands with its
neighboring bands for anomalously high signals

4) Statistical: These algorithms are based on measuring
higher order statistical properties of the signal to gauge
its normality. They are non-trivial to implement, but

have the capability to detect low-level interference de-
pending on the type of interfering source.
5) Polarimetric: These algorithms take advantage of the
polarimetric nature of some ng source 1 dis-
tinguish it from the natural emission.

Fig. 3 gives an example of the different types of algo-
rithms. As the diagram suggests, various algorithm classes
can be combined to deal with different types of interfering
algorithms have been built

spect

sources. Though RFI detectio

and developed for many missions over a wide n,
missions in the L-band have been the most active in pur.
suing RFI mitigation strategies. Between the current and
upcoming space-borne missions, NASA's Aquarius mis-
sion, ESA's SMOS (Soil Moisture Ocean Salinity) mission
and NASA's SMAP (Soil Moisture Active Passive) mission
have implemented pre-launch and post-processing algo-
rithms to deal with RFI. Even though all these three mis-
sions operate in the protected L-band, previous airbor
missions have shown that RFI still occurs at this frequency

(also seen in Fig. 1)

The Aquarius radiometers employ a purely temporal
approach also known as “glitch” detector [6-8], closely
related 1o the pulsed RFI detection method. The algo-
rithm integration time was optimized 1 deal with early.
warning radar sources with pulses of similar width [9).
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FIGURE 3. A fiv di

of R de algorithms and the

combinations. Two (red), three (blue),four (g d i -

\bin: ssible. The algorithms clockwise from top left

are: Pulse Detection (Temporal (8], 3rd/4th Stokes RFI Detection (Polarimetric, courtesy of Skou et al. [10]), Spectrogram for CW signals
(Temporal + Spectral), Kurtosis (Temporal + Spectral + Statistcal, courtesy of Ruf et al. [17]).

mplement, but it is inher-
ently ct RF above the noise floor
of the radiometer, potentially missing RFI coming from

The algorithm s fairly easy 10

ed and can only de

continuous sources. Fig. 1 shows that it performs satis-
factorily by picking up sources around the Europe, China
and the Middle East
The SMOS mission
technique for measuring brightness temperatures. This
results in an RF1 detection approach that is a combination

employs a unique interferometric

of spatial, temporal (or angular) and polarimetric algo-
rithms. The algorithm proposed by Skou et al. [10] looks
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at the third and fourth Stokes parameters of the incom-
ing si
in Fig. 3 polarimetric). Another algorithm proposed by
Misra et al. [11] takes advantage of the smooth geophysi
cal variation of brightness temperature with respect to
incidence angles, and detects deviations from a smooth

al and any deviation away from zero (as seen

fit. The SMOS mission has been very active in identify-
ing the interference sources at L-band, geo-locating them
and turning them off. This has led 1o more complicated
algorithms that not only detect RFI sources but attempt 1o
locate them as well [12].
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Update from the
Committee on Radio Frequencies (CORF)
of the National Academy of Science (NAS)

presented by Albin J. Gasiewski
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Upcoming Meetings

e World Radiocommunication Conference (WRC-15), November 2015

— A month-long meeting where international spectrum allocations are
decided

— Most responses are already compiled but there is still room to provide
input

e Space Frequency Coordination Group (SFCG-35), July 2015
— Expanded FARS role expected over the next few years

e Committee on Radio Frequencies (CORF), Fall 2014
— Concentrates mostly on radio science with overlapping interests

%
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Future Strategic Initiatives

e 3% of GRSS reserves and 50% of past years surplus
available to the society for strategic initiatives

— Approximately 300K USD
— ldeas are welcome!!

e Examples:
— Sub-committees (depends on volunteers) to prepare comments to ITU
Radio Regulations

— Enable RFI source identification
» Reporting tool on FARS website for observed RFI
» FARS forwards findings to appropriate agencies
— Potential partnership with Signal Processing Society
» Engage TC in their societies
» Invited talks in FARS session
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Requested FARS Input

Proposed sharing of 5350-5470 MHz band between
telecommunication services RLAN (Radio Local Area Networks
including Wi-Fi) and active Earth Exploration Satellite Service (EESS)
systems

SAR systems such as ESA's Sentinel-1 and Canada's RadarSat
operate at this frequency and would be negatively affected

An SFCG study shows that a single outdoor RLAN operated within
the whole 5350-5470 MHz band is sufficient to exceed the EESS
(active) protection criteria and that a RLAN deployment consistent
with RLAN industry expectations would create harmful interference
exceeding protection criteria

RLAN supporters contend that mitigation techniques would eliminate
the problem (article will be on website)

FARS TC input is requested

%
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Definition of Acceptable Interference Level

e Input requested by Thomas VanDeak for changes to
Recommendation ITU-R RS.1166-4 "Performance and
interference criteria for active spaceborne sensors”

— document establishes the interference and data
availability criteria be applied for instruments used for
active sensing of the Earth’s land, oceans and
atmosphere

— studies defining protection levels should

» reflect state of the art in active sensing
» align protection criteria with analysis methods
» expand material to include sensor mechanics

— we will provide material via email
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SFCG Outcomes Relevant to GRSS

Some Reports, Resolutions and Recommendations Relevant to
IEEE GRSS

e NASA interest in EESS (active) allocations in frequency
bands lower than the 432-438 MHz band (particularly 40-50
MHz)

e preliminary analysis of potential L-band RFI from
Aeronautical Radio Navigation Service (ARNS) and
Radiolocation Service (RLS) systems in the 1215-1300 MHz
band

e Out-of-Band (OoB) Emission Limits for proposed 7235 to
7250 MHz allocation to EESS

e analysis of worst case interference from mainlobe-to-
mainlobe antenna coupling oF EESS active sensor receivers
in the 35.5-36.0 GHz band
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