Available in:
Journal.isrc.ac.ir

Journal of Space Science,
Technology& Applications
(Persian)

Vol. 6, No. 1, pp.: 21-35
2026

1)10) K
10.22034/jssta.2025.503663.1228

Article Info

Received: 2025-01-31
Accepted: 2025-04-21

Keywords

Free Space Optical
Communication (FSOC),
CCSDS, ESTOL ESA,
SDA, QKD, hybrid RF-
Optical network

How to Cite this article

J. Haghshenas, “Advancing
Free-Space Optical
Communication: A Global
Comparative Analysis of
Standards and Future
Technological Directions”,
Journal of Space Science,
Technology& Applications,

Vol. 6, No. 1, pp. 21-35, 2026.

Original Article

Advancing Free-Space Optical
Communication: A Global Comparative
Analysis of Standards and Future
Technological Directions

Javad Haghshenas!”
"Satellite System Institute, Iranian Space Research Center (ISRC),
Tehran, Iran
j-haghshenas@isrc.ac.ir

Abstract

Free-Space Optical Communication (FSOC) has emerged as a disruptive
technology, redefining the paradigms of space communications through
unparalleled data transmission bandwidth, superior security, and reduced
latency. This study provides a meticulous and comprehensive review of the key
FSOC standards developed by leading international organizations, including the
Consultative Committee for Space Data Systems (CCSDS), the International
Telecommunication Union (ITU), the ESA, and the Space Development Agency
(SDA). A comparative analysis of these frameworks highlights their strengths,
limitations, and applicability across diverse missions. Critical challenges are
discussed, including the absence of global standardization, environmental
susceptibility, and scalability constraints in large satellite constellations. These
barriers not only limit the interoperability of FSOC systems but also hinder their
broader adoption in multi-organizational space missions. Furthermore, the lack
of coordinated development efforts and the absence of universal guidelines for
integrating emerging technologies exacerbate these challenges. To address these
issues, the study explores transformative technological advancements,
emphasizing the integration of Al for autonomous network management,
Quantum Key Distribution for unprecedented communication security, and
hybrid optical-RF networks for robust performance under adverse conditions.
Additionally, advancements in adaptive optics and energy-efficient systems are
improving FSOC reliability and scalability. This paper provides a critical
resource for researchers, engineers, and policymakers, offering an in-depth
understanding of FSOC standards, identifying pivotal technological and
operational gaps, and presenting forward-looking strategies to position FSOC as
the cornerstone of next-generation space communication architectures. By
addressing these challenges and leveraging emerging technologies, FSOC can
revolutionize global space communications, supporting both scientific exploration
and commercial enterprises.
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