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What is SpectrumX? &/ SPECTRUM,. [

Welcome to SpectrumX

An NSF Spectrum
Innovation Center

Who We Are What We Do Why It Matters
A diverse and interdisciplinary group Conduct strategic research and Radio frequency spectrum has
of scientists, engineers, and workforce development projects to become a vital resource in need of
eeducators with backgrounds in EE, transform spectrum management. balance that can be achieved
CS, Aero, Astronomy, Geoscience, through innovative advancements in
Economics, Policy, and Workforce policy and technology.
Development.

https://www.spectrumx.org/
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Collaboration is Key to the SpectrumX Mission
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Spectrum Sharing

UNITED

MIT
HAYSTACK
OBSERVATORY

#

1500 k. <.

STATES

FREQUENCY

¥

RADIO BEACON X

EXPERIMENTAL

ALLOCATIONS o e

1944

Radio Science

Spectrum Usage "

Revised Radio allocations will be found in the 'Key'' to this chart
1000 10,000
-

CHIOH  CHIOH  HONHI SO SIOMCNOMars

Fadio Astronomy e e e e

Geospace (active) | [ios|csA| ismcsa NEO| = Eess | [ess NEO
NOW (Geospace (passive)| [ Fusepes [ )

Weather Radar STRAS weR B G

Radiometry MWRIOGLT] MWR WA WA [MWR [ MWR| [ MWR WA

Atmosphere Radio Prop Crone] _[MWR WA [uwa

Geodesy Gnss| Guasar Geodesy

[ 005 o1 02 o 3 i 32 o 7z £ £ 00 200-

Radio Frequency (GHz)

3/11



The SpectrumX Hub

% MIT
ot &f‘“’ HAYSTACK
) OBSERVATORY

Spectrum Sharing

UNITED

STATES
FREQUENCY
ALLOCATIONS

THE RADIO SPECTRUM

HHI HH Hi|
|

a/11



The SpectrumX Hub

Spectrum Sharing

UNITED

STATES
FREQUENCY
ALLOCATIONS

THE RADIO SPECTRUM

i
H%

e ﬂH e Il
H’“W“EE L el

AN

Emﬁs ||||m =ﬂ|l|




e |
Spectrum Sharing

=2 OBSERVATORY

FUTURE SPECTRUM LANDSCAPE
Decentralized, flexible, automated, coordinated access
through edge & cloud; lots of data

® Flexible management of spectrum. P
® Dynamic, data-driven and automated syt o‘(ff',;)‘
access/allocation. e "‘A“f'
: \
® Education and outreach for a better @
understanding of spectrum use. saie ° o Eniron
etwor D - ensing
® Policy engagement for cohexistence 0% @@A °é° o
between commercial, scientific and Cloud " _
government applications. P \ mechantsins
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Mega-constellations
Starlink Mega-Constellations HAYSTACK
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Payload Launch Traffic into 200 =< hp = 1750km

W Communication

® Rapid growth of communication 2500
satellites. = science

2000

Starlink is one of the most complete
(for now).
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Radio Frequency interference

® Signals of scientific interest very low (SNR « 1).

Sensitivity « 1Jy = 10726W.m=2. Hz~1.
® |nterferences from different sources.

® Boresight and sidelobes interactions.

R 7
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Radio Frequency interference
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Signals of scientific interest very low (SNR «

Sensitivity « 1Jy = 10726W.m=2. Hz~1.

Interferences from different sources.

Boresight and sidelobes interactions.

Unintended interferences of satellites are a

challenge [Di Vruno et al. 2023, Bassa et al.
2024].

Protected bands are already impacted.
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200

0
Frequency (MHz)

OBSERVATORY



Observations and Model

Westford Antenna

Aim of the study:
® Model the aggregated power of the
constellations on a radio telescope.

® QObserve the in-band and out-of-band
emmisions of the satellites.

MIT
HAYSTACK
OBSERVATORY

M, .

® Using the 18.3m Westford antenna.
® NASA-VGOS feed for geodesy (VLBI).

® Transit observations of satellites.

Parameter Westford ]

primary reflector shape
primary reflector diameter|
primary reflector material
feed location

focal length

antenna mount

antenna drives

azimuth r
elevation
azimuth slew speed
elevation slew speed

symmetric paraboloid
18.3 meters
aluminum honeycomb
primary focus
5.5 meters
elevation over azimuth
electric (DC) motors
90° — 470
487
305!

25!

Frequency range 2-14 GHz|

Tiys at zenith
e efficiency

aj
SEFD at zenith

40-70K
0.25-0.60
1800-4500 Jy

Antenna gain in dB along polar angle o
for some azimuthal angles
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. Obseruationsand Model |
Ku-band Starlink

® Predict the SNR levels of interference.

® Account for sidelobes interactions.

SNR [dB]

SNR [dB]

Boresight
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Observations and Model

Ku-band Starlink

® Predict the SNR levels of interference.
® Account for sidelobes interactions.
® identify RFIs high and low SNR.

Data 2024 20
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Observations and Model
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Ku-band Starlink

® Astronomical observations are already
impacted in-band.
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Observations and Model
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Ku-band Starlink

® Astronomical observations are already
impacted in-band.
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Future Plans

What’s next? SPECTRUM . HAYSTACK
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SPACENEWS E (===

Starlink activates emergency phone connectivity for
Hurricane Milton

® Future plans: 000
® Out-of-band observations (protected bands and
harmonics).
® Refine model with better account of satellite gain
pattern, atmospheric temperature and bandwidth
usage.
® Other constellations to model.

® Cohexistence strategies:
® Flagging and processing.
® Boresight avoidance [Nhan et al. 2024]. Chic Ieumehes ssoond batah: of 8 atalites Rz Thomend
® Flexible allocations. -

SPACENEWS 3‘5

000000

® Fast growth, with more and more interests and uses:
® Emergency usage.
® More constellations (Kuiper, OneWeb, Thousands
Sails).
® Direct-To-Cellphone capabilities (L-band).
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