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Outline TR

* A brief history on space communication

* Introduction of optical communication into the scenario

* Lunar Laser Communications Demonstration (LLCD)- 2013
* Working principle of laser communication in space mission
e Laser Communication Relay Demonstration (LCRD)- 2021

e TeraByte InfraRed Delivery (TBIRD)- 2022

e Summary
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A little history...

NASA has always relied on radio communication systems to
meet its data transmission and navigation needs.

Lunar Recoinnaissance Orbiter (LRO) works with RF Ka-
band at 100 Mbps.

At the higher frequencies there is greater atmospheric and
rain attenuation adding to increased free space loss.

This needs to be compensated for with higher power
transmission and/or high gain antennas with narrower
beamwidths.
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Band

Frequency

VHF

30 to 300 MHz

UHF

300 to 1000
MHz

1to 2 GHz

2to4 GHz

4 to 8 GHz

8to 12 GHz

12to 18 GHz

18 to 27 GHz

D

27 to 40 GHz

<| & x| & %| o] »| —

40 to 75 GHz

https://www.nasa.gov/smallsat-institute/sst-soa/communications
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A new spectrum o SIENA

 Today’s mission communication requirements have begun to stress the
current communication networks’ capabilities.

* One solution for NASA is to look beyond the radio and microwave portions of the
electromagnetic spectrum.

e Optical links operate at a much higher frequency than RF links, generally at
infrared or visible bands. Higher frequencies result in wider bandwidths which
result in higher data rates.

* In optical fiber communication, data is transported through fibers while in free
space, laser beam is beamed through optical telescopes.

 NASA is venturing into a new era of space communications using lasers, beginning
with the Lunar Laser Communications Demonstration (LLCD).

e LLCD established the ability to encode data onto a beam of laser light.
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NASA’s First High-Data-Rate, Two-Way

Space Lasercomm Demonstration R« UNIVERSITA

: ' " DI SIENA
LLCD was flown to the Moon on the 1240

Lunar Atmosphere and Dust
Environment Explorer (LADEE)

Launched on S'eptember 6, 2013

IMMEDIATE LASER CONTACT on October
17, 2013

Set records for download and upload
speeds to the Moon

Planned operations ended November &
22nd i‘J

LLCD returned data by laser to Earth at a record
622 Megabits per second (Mbps)
= streaming 30+ HDTV channels simultaneously!

. Approved for Public Release
19/12/2022 Don Cornwell, LLCD Manager, NASA GSFC 0.S. (Oml) Khwairakpam

Presentation to the JHU Aerospace Affinity Group,
June 11th 2014




LLGT UPLINK:

4 x 10 W 1.55 mm EDFA MOPAs

to 10 cm EDFA-pre-amp on LADEE
Transmitting 10 or 20 Mbps 4-PPM
with 2 Rate code and interleaver

LLGT DOWNLINK:

0.5 W 1.55 mm EDFA MOPAs

to 4 x 0.4 m telescopes to 16 SNDAs
Transmitting 40 to 622 Mbps 16-PPM
with 2 Rate code and interleaver

Lunar Lasercom Ground

Terminal (LLGT)
at NASA's White
Sands Complex (WSC)

Approved for
. 4 Public Release

BEL2/2022

(LLOT) - “OCTL”
at Table Mtn. CA

OGS
at Tenerife, Spain

Lunar Lasercom
Ops Center (LLOC)

& Mission Analysis Center
at MIT/LL

Don Cornwell, LLCD Manager, NASA GSFC
Presentation to the JHU Aerospace Affinity Group,
June 11th 2014
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Lunar Lasercom
Space Terminal
(LLST)

Backup Sites
(Limited
Functionality)

RF Ground Station

LADEE
Mission Ops Center

at GSFC
L N

LLCD Monitor 9
at GSFC }ﬂ

O.S. (Omi) Khwairakpam



UNIVERSITA

Compliant Optical wavetform generation 2

» The generation of an optical waveform requires a system capable of generating an optical pulse
with a phase of & radians, an optical pulse with a phase of 0 radians, or no optical pulse for every
slot at the line rate of 2.880 GHz.

Optical DPSK

MZM <—— Burst -—)‘(—' Ooff —>
CW X-cut MZM -
Laser (phase only) burst only) /\ /\ :

-1V/+1V ovV/+1V

Phase control Pulse and

— time
Burst control

FPGA ol JRPRSSSEE e

MZM
Bl N
pulse, burst)

-1V/OV/+1V
Phase, pulse, and
burst control

FPGA
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Lunar Lasercom Space Terminal (LLST) S

Small Optics

107.6 mm Diameter Bench

* The optical module is a 10-centimeter Cassegrain telescope (using a | Tersmiersem
primary concave mirror and a secondary convex mirror aligned about
the optical axis to focus light on the detector).

MIRU

* A wide field of view Indium-Gallium-Arsenide Detector provides spatial
acquisition and coarse tracking of the optical uplink signal.

Telescope
_ Secondary

* A continuous wave laser at 1550 nm is coupled with a Lithium niobate
optical modulator and accomplishes the electrical to optical data
conversion.

* The amplification of the optical data to 0.5W is achieved by a two-stage
Erbium-Doped Fiber Amplifier (EDFA). Each stage is pumped with two
grating stabilized 976 nm pump lasers.

-~ Cassegrain telescope
By Sz6cs Tamas Tamasflex - Own work, CC BY-SA 3.0,
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LLST Optical train and Optical Assembly  uairsima
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1240
N Fold Dichroic Tx Tx Rcv Rcv
Lens Flber Lens Flber Dichroic A Reflection - Downlink Performance
—S pol
e Transmit

= Receive
= Acquisition

Wavelength

Dichroic B Reflection - Uplink Performance

——Random Pol
— Transmit
——Receive

—— Acquisition

Wavelength

Secondary Primary Tertiary Fold  Dichroic NBF Acq Acq Quad
Mirror Mirror Lens Mirror B Lens Detector

https://doi.org/10.1117/12.2304194
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Lunar Lasercom Ground Terminal (LLGT)

The LLGT telescope array consists of eight telescopes - 4 uplink
transceivers and 4 downlink receivers -on a common T-bar elevation
over-azimuth mount.

The uplink transceivers are based on custom 15-cm refractive
telescopes. Each transceiver includes a custom back-end optical system
that includes fiber-launching optics for transmitting a 10 W uplink
beam.

The back-end optics also include mechanisms for adjusting output
beam divergence and aligning transmit and receive boresights.

The downlink receivers are commercial 40-cmn Cassegrain telescopes
mated to custom back-end optics (similar to that of uplink
transceivers).
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DOI: 10.1117/12.2045509
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Hitting a 3.75-mile target from 250,000-miles away is HARD! A :

UNIVERSITA
DI SIENA

1240

Footprint
of Radio Beam i
From the Moon 000 Bt T w00 --Google

© 2000 DMapas
S0"S5°33 04" N 880830 268™W Eye at 10131 51 km c)

© 2009 Tele Allas

Active tracking system with a broad beam from the ground and the space terminal use

this to precisely locate the ground terminal
19/12/2022 Don Cornwell, LLCD Manager, NASA GSFC 0.S. (Oml) Khwairakpam

Presentation to the JHU Aerospace Affinity Group,
June 11th 2014



UNIVERSITA

Acquisition sequence employed by LLCD =%

§ 2

LLGT scans LLST detects LLGT detects LGT & LLST
diverged uplink; points downlink, track each
beams back points back other
narrow beam LLGT switches
tocomm A DOI: 10.1117/12.2045509

* The wavelengths of each transmitter are detuned to allow for non-coherent combining of the
signals at the space terminal.

e To operate the system in the presence of atmospheric turbulences while preserving the
polarization of the downlink signal, a polarization-maintaining fiber is used to couple the receiver
telescopes to the detectors.

* The amount of lasercomm sessions to about 5 per day.
2/2022 0.S. (Omi) Khwairakpam
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3 major time-scales of signal disruption

* Turbulence and fading in millisecond time scale

- taken care in hardware with error correcting code
* Delay time round trip Earth-Moon: about 2.5 seconds

- nothing much can be done as we still deal with Physics in light speed
* Cloud coverage (a major issue)

- fixed with DTN (Disruption Tolerant Networking)

- back-up ground terminals

- back-up RF communication

2/2022 0.S. (Omi) Khwairakpam
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Advantages of laser communication oSIENA

* Laser communications systems provide missions with increased data rates
compared to traditional radio waves.

* Bandwidth increases of 10 to 100 times more than radio frequency systems.

» Additionally, optical communications provides decreased size, weight, and power
requirements.

Smaller size means more room for science instruments.

Less weight means a less expensive launch.

Less power means less drain on the spacecraft’s batteries.

With optical communications supplementing radio, missions will have unparalleled
communications capabilities.

12/2022 0.S. (Omi) Khwairakpam



LLCD ILLUMA-T

Lunar Laser Integrated LCRD LEO User
Communications dem and Amplifis inal
Demonstration o
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Laser Communications TeraByte Infrared Delivery
Relay Demonstration

https://www.nasa.gov/feature/goddard/2022/the-future-of-laser-communications
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Orion Artemis Il Optical
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Laser Communication Relay Demonstratlon
' (LGRD) Mission Architecture Nasa RN

. T : DI SIENA
. STMD/SCaN Mlssmn : , 1240

Commercnal Spacecraft Host
Flight Payload

— -Two LLCD-based Optical Modules and Controller
- Electronics Modules

— . Two Differential Phase Shlft Keymg (DPSK)
- Modems with BW > 1.25 Gbps

— High Speed Electronics to interconnect the
“two terminals, perform data processing, and to
.interface with the host spacecraft

Two Optical Communications Ground Statlons

—" Upgraded JPL Optlcal Communieations - .
Telescope Laboratory (Table Mountain, CA)

- — 'Upgraded LLCD Lunar Laser Ground Termlnal
- (White Sands, NM)

. LCRD Mission OperationsCenter _
— 210 D years of operatlonal network: experlments

b 7 . g .. Approved for. Public Release qm @ 1
19/12/2022 Don Cornwell, LLCD Manager, NASA GSFC 0.S. (Oml) Khwairakpam

Presentation to the JHU Aerospace Affinity Group,
June 11th 2014
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Laser Communication Relay Demo (LCRD)

e LCRD is built on the success of LLCD.

 While LLCD was demonstrated in lunar orbit (384,400 km), LCRD is in geo-stationary
earth orbit (35,405 km).

 LCRD’s ability to both send and receive data from missions and the ground stations
makes the system two-way. Together, these capabilities make LCRD NASA’s first two-
way, end-to-end optical relay.

INTERNATIONAL
SPACE STATION

HALEAKALA, HAWAH vf' A 2,

19/12/2022 \
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LCRD relay and its first user R

 The LCRD payload was launched on December 7, 2021; hosted aboard the U.S.
Department of Defense’s Space Test Program Satellite 6 (STPSat-6).

* ILLUMA-T (Integrated LCRD Low-Earth Orbit User Modem and Amplifier Terminal)
will be first user of LCRD. It is hosted on ISS (International Space Station), orbiting
at 430 km altitude.

 With LCRD relaying data for ILLUMA-T, this will be the first operational optical
communications system for human spaceflight. ILLUMA-T will send data to LCRD
at rates of 1.2 gigabits per second over optical links, allowing for more high-
resolution experiment data to be transmitted back to Earth.

e This is almost double the rates of the LLCD, which transferred at 622 megabits per
second.

12/2022 0.S. (Omi) Khwairakpam
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LCRD test phase o SIENA

e Until its first user (ILLUMA-T) is launched in 2023, LCRD will practice sending test
data to and from its ground stations.

* This test data will be sent up through radio frequency signals from the mission
operations center and then the LCRD spacecraft will reply over optical signals.

 This test data will include spacecraft health data; tracking, telemetry, and
command data; and sample user data to ensure LCRD is properly operating.

 LCRD will test different cloud coverage scenarios, gathering valuable information
about the flexibility of optical communications.
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TeraByte InfraRed Delivery (TBIRD) T

e The TBIRD payload was built by the MIT Lincoln Laboratory and
integrated into NASA’s CubeSat Pathfinder Technology Demonstrator
3 Satellite (PTD-3)

* In May 2022, it was launched into orbit 482 km above Earth's surface.

 TBIRD has delivered terabytes of data at record-breaking rates of up
to 100 gigabits per second. https://news.mit.edu/

- 100 times faster than the fastest internet speeds in most cities. s x

, N . 198.0 26.9
- 1000 times faster than traditional RF communication.

e December 1,2022: NASA confirmed that TBIRD downlinked 1.4
terabytes of data over laser communications links in a single pass that
lasted about five minutes.

atency: 31 ms
erver. Milan

L

S

Your Internet connection is very fast.

Your Internet connection should be able to handle
m

ultiple devices streaming HD videos, video
conferencing and gaming at the same time.

AT\
Y\Ome \N Feedback

Fun fact: TBIRD is the size of a tissue box and, W\
12/2022 PTD-3 of the size of two stacked-cereal boxes. 0.S. (Omi) Khwairakpam



Pathfinder Technology
Demonstrator-3 (PTD-3)
in Low-Earth Orbit

200 Gbps downlink

JPL Optical
Ground Station 1

TeraByte InfraRed Delivery (TBIRD)
laser communications payload

WWW.nasa.gov



Summary S

e Use of optical links for space communication was first demonstrated
by LLCD in 2013.

It is proven that laser-based communication provides higher data
transmission at lower mass and power of the system.

* |t will allow for more science data.

e Astronauts go through a lot of psychological issues in space, the new
high transmission could allow them to have a video call with family
and friends, or Netflix and chill.

2/2022 0.S. (Omi) Khwairakpam
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