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Const. Design Enabling Augmented/Persistent RO with Ultra-Low Latency

* Question — what do you call an occultation that never ends?
o For purposes of this presentation, that is a persistent occultation

* And what is “ultra-low latency?”
o For purposes of this presentation, that is to no observational latency most of the time™**

« This presentation focuses on the synergy between radio occultation measurements and satellite-to-
satellite crosslinking constellations

TWO FAST FACTS AGENDA
« COSMIC-2’s 10 ground station network produces 1. Architecture Design
average latency of 10-20 minutes and is nearly
fully terrestrially saturated 2. Radio Frequency Communications Design
« Addition of 2-4 new antennas on COSMIC-2 3. Spectrum Allocation
design can eliminate 80-100% of observational
latency

**duration of latent collection is parameterized and can be optimized to equal zero



Orbits & Architecture Considerations
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» By leader-trailer formation flight, a persistent state
of occultation can be achieved between two LEO
satellites

 An introduction of satellite-to-satellite
communications creates an opportunity for radio
occultation measurements
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« Utilizing eccentric orbits, a variable occultation
height profile can be achieved without the need for
cross-plane communications (see right)

» Current GNSS-RO can be augmented by this
persistent RO — such an architecture can conduct
GNSS-RO as a baseline and utilize the intersatellite
link as an additional source of occultations

State at Time=0
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» By leader-trailer formation flight, a persistent state
of occultation can be achieved between two LEO
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occultation measurements
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« Utilizing eccentric orbits, a variable occultation
height profile can be achieved without the need for
cross-plane communications (see right)

» Current GNSS-RO can be augmented by this
persistent RO — such an architecture can conduct
GNSS-RO as a baseline and utilize the intersatellite
link as an additional source of occultations

State at Time=0




Const. Design Enabling Augmented/Persistent RO with Ultra-Low Latehcy

Families of Orbital Architecture Solutions

400

« Multi-objective trade spaces exist for these

architecture solutions trading parameters such as:
O Orbit parameters (e.g., eccentricity, semimajor axis)
O Occultation parameters (e.g., maximum occultation height)
U Range parameters (e.g., maximum trailing distance)
0 Radio frequency parameters (e.g., Eb/NO)
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» Multi-objective optimization was conducted using a
genetic algorithm (see right) minimizing semi-major
axis, maximizing standard deviation of occultation
height, and varying orbital elements for a leader-
trailer satellite pair

Average St. Dev of Occultation Height (Maximized)
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» This form of architectural problem can be tuned to

find optimal designs to craft radio occultation point
ground tracks and subsequently Fevisit'studies
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6 Semimajor Axis (Minimized)
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» The architecture becomes scalable by adding
trailers much like a train or a chain-link

« The nature of designing persistent occultation is
favorable for maximizing constellation in-view
times to ground segment

« The architecture is further scalable by cross-
plane communications
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Radio Frequency Communications Considerations
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« Ultra-low latency refers to real-time observational latency when constellation is in view, with
maximized constellation in-view time

« Ultra-low latency is achievable by combining traditional store-and-dump communications, intersatellite
links, and direct readout (broadcast) communications

» This paradigm requires using full rise-to-set times for ground station contacts
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Sizing the Maximum Loading

There is partial scalability of this type of
architecture as limited by maximum data
throughput

Depending upon whether the
constellation is an open or closed ring
determines maximum throughput in any
individual direction

Practical Example
COSMIC-2 can downlink an orbit of
TGRS data in 120 seconds at 2 Mbps

This equates to average collection of
~45 Kbit/s
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CONSTELLATION VIEW (OPEN)

CROSSLINK (OPEN) 4%Tx ¥ 1*Tx

max Tx rate = (nsats - 1)*(collect rate)
max Rx rate = max Tx data rate

(nsats -1)*Tx

DOWNLINK (OPEN or CLOSED)

CONNECTED: max downlink rate = (nsats * collect rate) + (constell. no-view storage)
SEVERED: max downlink rate = ( 1  * collect rate) + (satellite no-view storage)

CONSTELLATION VIEW (CLOSED)
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Imagining a Ground Segment

This constellation design eliminates the need
for robust ground segments

As long as at least one satellite is in view,
the constellation can piping data

Number of antennas per ground station is
(ideally) minimum of 2

Practical Example

COSMIC-2 ground segment has 10
equatorial stations which provide 2-4
contacts per orbit (right, top)

Only two stations are required to
guarantee one contact perorbit — data can

be piped via intersatellite link to these
stations in this paradigm (right, bottom)
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Maps show visibility at 5° minimum elevation from 550 km x 24° inclination
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Baseline — Ultra Low Latency

Baseline solution for ultra low latency leverages two new intersatellite link

antennas (forward and aft in-track)
U Design parameter a is angle of antenna off in-track tunable with antenna type

F1 antenna is responsible for downlinking on behalf of all satellites in
constellation — must also be able to support severed constellation

F2 antennas are responsible for intersatellite links from maximum

throughput and utilize fime division multiplexing between satellites’in|
constellation

allows use of single transmit/receive frequency on F2
antennas

Practical Example
500 Kbit/s intersatellite link with maximum range of 5500 km (550 km
altitude orbit) assumed

Intersatellite F2 transmit and receive frequency of 2270 MHz assumed

Utilizing an a=60° axial helix antenna, sufficient SNR achievable at max
range
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Augmented Case with Ultra Low Latency

« Augmented case builds on baseline, introduces F3 antennas where
frequency used on F3 is separated from frequency used on F2

+ Separated frequencies enables new opportunities for radio occultation

Practical Example
« 500 Kbit/s intersatellite link with maximum range of 5500 km (550 km :
altitude orbit) assumed — downlink on F1 C3 : ‘
« F1=2050/2270 MHz, F2 = 1705 MHz, F3 = 2270 MHz assumed ( P20 Fa o .
_ in—traclf +
a® —{o ]

F1
[ nadir
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Spectrum Considerations
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Searching for Spectrum

Various potentially eligible spectrum bands exist: current COSMIC-2 bands are eligible for S-S space operations, various
meteorological broadcast bands

1700-1710 MHz is near-GPS radio frequency allocated for meteorological space-to-Earth broadcast signals that NOAA
currently utilizes but may not to in future since POES & MetOp are deprecated by JPSS, MetOp-SG on higher frequencies*®

Selection of signal frequency is an open question to the science community for radio occultation
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JPSS

MetOp

HRD

Band: X

Frequency: 7812 MHz
Bandwidth: 50 MHz

GNSS (GPS, Galileo, GLONASS)
Band: L

APT/HRPT LRPT/AHRPT

Frequency: 1176, 1227, 1246, 1575, 1602 MHz
Band: VHF, L Band: VHF, L Bandwidth: 10-12 MHz
Frequency: 137, 1698, 1707, 1703 MHz Frequency: 137, 1701, 1707 MHz
Bandwidth: 0.04 MHz (VHF), 4 MHz (L) Bandwidth: 0.15 MHz (VHF), 5 MHz (L)

*data rates from https://space.oscar.wmo.int/satellites/



https://space.oscar.wmo.int/satellites/

Questions?

Contact:
Orbits & Architectures christopher.n.barsoum@aero.org

Radio Frequency Communications david.e.ping@aero.org
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