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Missions can benefit from lasercom

Satellite data are used to provide insight into many problems,
such as...

S| L | ‘ Meteorology: Radiometer temp.
“. 4l draught (Planet Labs Inc.)! L~ | map of hurricanes (MITLL TROPICS)!!
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Topography km

| Planetary Science: laser ranging
of Moon by LOLA instrument£3!

Astronomy: all-sky infrared
survey (WISE satellite)!>®!
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Can relaxed data constraints enable new capabilities?



Utility for Small Satellite Missions 'STAR 1a
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« Small satellites offer a cost-effective solution to global
coverage w/ improved temporal resolution

 Data need metrics are: Volume of data downlinked,
Timeliness/latency
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Small Satellite Constellitions Tradi}tional Satellites

[Systems of small satellites can produce as much data as traditional satellites J 4
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RF and Lasercom Advantages & Challenges

« Lasercom is more power-efficient than radio frequency (RF)

2
— Py & (%) , where P,..i..q = received power, A = wavelength
Objective/Metric Radio Frequency Lasercom

Data volume, V
Spectrum availability, large aperture ground

station availability

Depends on ability to crosslink, depends
Age of Information, Aol on clear line of sight (e.g., cloud cover for
Depends on data volume e .
(latency) downlinking, and ground-station
diversity)

Dependent on atmospheric conditions,
variable cloud cover, communication
architecture (e.g., diversity techniques,
crosslinks, etc.)

Variance data vol. & Aol,
o2(V) and o?(Aol)




SmallSat* Lasercom Missions

SmallSat Lasercom
Tech. Demos

2 . o
NFIRE-TerraSAR-X® NFIRE LCT!0 LLCDM SOTAI'2
5.6 Gbps, 5.625 Gbps, 622 Mbps 10 Mbps,
LEO crosslink LEO downlink Lunar downlink  LEO downlink OCSDI13]
| I | | NODE, '8! FLARE
2005 2010 |2015 | Future
BRITE[3I MINXSSI14

0.0115° pointing

Missions that
Advance
Supporting Tech.
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*Defined SmallSat as <500 kgl

0.002° pointing, first
flight of Blue Canyon
wheels

Related: UAV lasercom:

Facebook Aquilal'”]
Optical crosslinks between aircraft

Google Loonl"8l
155 Mbps crosslink,
balloon lasercom system
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System Block Diagram 'STAR 1t
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» Communication system block diagram:

Data = Transmitter = Optics | Channel = Optics | Receiver > Data

Adapted from Figure 2, Caplan, David O. "Laser communication transmitter and receiver
design." Journal of Optical and Fiber Communications Reports 4.4-5 (2007): 225-362.120]

» Additional system considerations
— Pointing control
— Onboard memory
— Mechanical/thermal subsystems
— System with multiple transmitters/receivers



Link Performance Modeling S
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* Received power is a function of gains and losses
throughout the system:

/\

Data —> Transmitter = Optics | Channel = Optics | Receiver > Data
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Aside: equations | JU Dtx A T ])rX Data rcge /sl
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Figure adapted from Figure 2, Caplan, David O. "Laser communication transmitter and receiver
design." Journal of Optical and Fiber Communications Reports 4.4-5 (2007): 225-362.120] ?



Performance Uncertainty Sources  gg

Position knowledge,
A pointing capability

Radiation-induced
component
degradation

Variable atmospheric
loss (e.g. clouds)

Mechanical
misalignments,
thermal effects

Scintillation Many secondary —— ]
causes fades factors, not Iisted :
' Turbulence reduces | " " = “-;‘

coupling efficiency
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Takeaway: link losses can vary by many dB!
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Adapted from slide 48, Caplan, “Introduction to Laser Communications”



Link Performance Modeling
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Nominal Link Budget for NODE
(LEO, CubeSat, downlink-only)

NODE Units

Datarate 43 Mbps

P -7.0 dBW
Gy 69.6 dB
Lix -1.5 dB
Ltreespace -258.2 dB
Latm -1.0 dB
Gy 114.7 dB
Loy -3.0 dB

P -78.0 dBW

Preg -84.2 dBW
Margin 6.2 dB

Table from Clements et al. (2016)

Alternative modeling approach estimates input
uncertainties and creates CDFs of link margin

Cumulative probability density of <Margin
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Margin [dB]
Figure from Clements, Cahoy (2017)

Can model deterministically or through Monte Carlo analysis
E.g., for NODE (MIT CubeSat lasercom downlink payload in development for

resource-constrained systems)
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Constellation Opportunities 'STAR 12
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Problem: capacity saturation of ground stations for constellations of satellites
with high datarate downlink needs

Solutions: (i) Many inexpensive ground terminals, (ii) Crosslinks

(2) Clouds block some (1) CubeSat 15 collects
ground stations, but data image & passes to its
can be passed forward neighbor
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/ - to ground site

Visualization of Earth-observing small satellite mission using laser communication
Figure credit: A. Kennedy 13
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Conclusion ‘STAR e
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« Small satellite communications depend on data volume,
timeliness (latency), and reliability

« Lasercom can provide high data capabilities with power-
and SWAP-efficient designs

* Primary challenge is that it is a relatively new technology
In the space environment

« Capabilities have been demonstrated (e.g., LLCD, TeSAT, etc.).

« Potential for improvement is significant BUT experience is
currently limited and operational uncertainties remain
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___PPM Diagrams

Power

Time M-PPM symbol _ _
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Credit: Laser Communication Transmitter and Receiver Design by Dave Caplan

PPM-8 Example: each symbol encodes 3 bits
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Credit: Ryan Kingsbury
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