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The architecture specifies that HPE be used for 
direct-to-Earth and intersatellite links, and that 
HPE telemetry signaling be used for both the 
forward and return link.  Furthermore, the 
recommended architecture specifies that 1550 nm 
channels be used for all of the links.  It is assumed 
that an optically preamplified receiver will be used 
in space instead of a cryo-cooled photon counting 
receiver.   

B. Optical On/Off Keying 
 
The working group members are currently revising 
the published Blue Books on optical 
communications so that they will also contain a 
standard for Optical On / Off Keying (O3K).  O3K 
is being pursued as an example of a low complexity 
optical communications system.  The low 
complexity scenario addresses LEO direct-to-Earth 
(DTE) optical communication links where the 
reduction of complexity, costs, size, weight, and 
power takes priority over performance 
maximization. 
 
In this scenario, reduced complexity is achieved by 
making the best use of specific LEO-DTE scenario 
boundary conditions such as short ranges below 
2000 km at low elevations, which lead to a 
moderate range-loss in the link budget. This 
scenario allows for a strongly asymmetric link 
layout employing a very compact space terminal in 
combination with larger antennas at the Optical 
Ground Station (OGS).  The data throughput of the 
low complexity systems is intended to be limited to 
the gigabit/second (Gbps) range using a simple 
direct-modulated laser source in the space terminal 
and a robust intensity-modulated direct detection 
signal on the ground. Use of larger OGS aperture 
diameters eliminates the need to perform complex 
atmospheric corrections on the ground segment. 
 
The O3K standard will be able to support a wide 
range of applications, from the smallest system on 
a CubeSat, to larger payloads in the 100kg-satellite 
class. The physical layer book will describe 
technical parameters like the wavelength and signal 
definition in the downlink from the space terminal 
to ground, as well as for an optional beacon system 
from ground to space. In addition, the maximum 
data throughput will be represented in the 
maximum channel symbol rate. The 
synchronization and coding book content will focus 
on aspects like error correction techniques, 
synchronization, and possible interleaving.  
 
The working group members have reached 
consensus on the physical layer recommendation 
for O3K and are working on Revision 1 of the Blue 
Book on Optical Communications Physical Layer 
to include the new recommendations.  The plan is 

to release Revision 1 in 2020.  Some specifications 
include the use of Non-Return-to-Zero (NRZ) with 
various channel rates between 1 Mbps and 10 
Gbps.  There is also an option for the ground 
stations to transmit a beacon to aid pointing, 
acquisition, and tracking.  Supported options 
include a beacon at ~1589 nm, ~1064 nm, and 
~1530 nm.  However, the working group members 
are still studying and analyzing various proposals 
for the coding and synchronization layer. 
 

V. The Atmospheric Characterization Books 
 
The published CCSDS Green Book on 
Atmospheric Characterization for Optical 
Communication Systems provides a comprehensive 
description of the critical atmospheric parameters, 
and describes suggested types of instruments that 
can be used to measure these parameters. The book 
includes material showing how to produce and use 
long-term weather and atmospheric statistics and 
how to take real-time measurements. The book 
describes various types of whole sky imagers some 
of which operate in the visible wavelengths and 
others in the longwave infrared. In addition, the 
book describes a ceilometer for the use of 
atmospheric attenuation measurements, as well as a 
Differential Imaging Motion Monitor (DIMM) for 
atmospheric seeing/turbulence measurements. 
 
The working group is currently working on a 
Magenta Book on Atmospheric Characterization 
and Forecasting for Optical Link Operations.  This 
book will discuss best practices and touch on 
performing predictive weather in support of optical 
communications handovers. The scope of this book 
includes the use of atmospheric prediction 
techniques on time frames from minutes (LEO 
scenarios) to hours (Deep Space scenarios). 

VI. The Experimental Books on Optical High 
Data Rate Communications 

 
The CCSDS Optical Communications Working 
Group has published one CCSDS Orange Book for 
High Data Rate optical communications and is 
working on a second one to be published very 
soon. 
 
High Data Rate optical communications links are 
expected to be used for Near Earth applications 
where extremely high performance is desired. 
When the working group was originally formed, 
there was a desire to include the High Data Rate 
scenario in the Blue Book on Optical 
Communications Physical Layer and in the Blue 
Book on Optical Communications Synchronization. 
However, it was impossible to reach consensus on 
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bandwidth allocation restrictions, power 
requirements, flight terminal antenna size, and 
weight limitations. A future space communications 
network should offer both RF and optical 
communication services. RF can be reserved for 
those cases where high availability and thus low 
latency are absolutely required, since optical 
communications through the atmosphere for space-
to-Earth links will always be impacted by clouds. 
For space-to-Earth links, optical communications 
can be reserved for scenarios in which a potential 
delay in reception is not a problem; in space-to-
space links, optical communications can provide 
both high data rates and high availability.  
 
Today, many space agencies around the world are 
investing in optical communications infrastructure 
in space and on the ground.  It is obvious that, just 
as in RF systems, there is a need for cross support 
between the agencies. Collaboration in optical 
communications will lower mission cost and risk 
and likely enable missions which otherwise are 
unaffordable by one nation on their own. The 
CCSDS Optical Communications Working Group 
is developing a set of standards for space optical 
communications to help enable inoperability.  
These standards should be considered as the 
�³�E�X�L�O�G�L�Q�J�� �F�R�G�H�V�´�� �R�I�� �I�X�W�X�U�H�� �V�S�D�F�H���� �D�L�U�E�R�U�Q�H����and 
ground optical terminals. To ensure the space 
segments of different vendors are compatible with 
optical ground stations or ground station networks 
of different providers, key technical parameters 
need to be standardized with enough flexibility to 
ensure robust and innovative implementations. 
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