76th International Astronautical Congress 2025 Paper ID: 100593
student

IAF HUMAN SPACEFLIGHT SYMPOSIUM (B3)
Advanced Systems, Technologies, and Innovations for Human Spaceflight (7)

Author: Mr. Ilyasse TAAME
Technical University of Munich (TUM), Germany

Mrs. Abir Belkhair
Asclepios, France

HUMAN-CENTERED PROTOCOL INNOVATIONS FOR BIOMEDICAL AND ENVIRONMENTAL
MONITORING IN HUMAN SPACEFLIGHT: LESSONS FROM AN ANALOG SPACE MISSION

Abstract

As space agencies prepare for sustained lunar habitation and Mars exploration, there is a growing
need for human-focused technologies that ensure astronaut health and safety. Current space communica-
tion protocols, like those based on the Consultative Committee for Space Data Systems (CCSDS), were
originally designed for robotic missions and do not fully support the complex needs of human spaceflight.
These protocols must evolve to address challenges such as real-time biomedical monitoring, adaptive data
prioritization for astronaut health, and the secure transmission of sensitive health data in environments
where human actors are central to mission success.

This paper proposes a modification to the CCSDS Space Packet Protocol and CFDP to enhance their
support for human spaceflight missions by focusing on the integration of real-time environmental and
biomedical monitoring. Specifically, it introduces:

Dynamic prioritization of health data based on the astronaut’s health status and mission phase, en-
suring that critical medical data receives the necessary bandwidth during emergencies or when mission
parameters change. A hybrid encryption framework to securely transmit sensitive biomedical telemetry
with minimal latency, addressing both data integrity and crew privacy without compromising mission
communications. Predictive models that leverage edge computing and Al-based anomaly detection to
manage long communication delays in Earth-Mars communication, allowing for real-time health insights
even during periods of limited contact. These protocol extensions will be tested during the 16-day AS-
CLEPIOS V analog mission planned for late July, where astronauts will be monitored in a controlled
environment featuring continuous vital sign tracking, radiation sensors, and environmental composition
monitoring. A central component of the study will be a qualitative analysis of how analog astronauts
and mission control flight controllers interact with the system during medical emergencies and routine
operations. The study will assess the usability of the system, efficiency of data prioritization, and the
integration of encrypted health data into routine operations, including how flight controllers adapt to the
evolving health status of crew members.

Through this approach, we aim to generate empirical evidence to inform the next generation of human
spaceflight communications. By ensuring that CCSDS protocols evolve to address the unique demands
of human missions, this research will contribute to the long-term success and sustainability of deep space
exploration, where human health and effective communication systems are paramount.



