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Abstract—This paper presents the design and
implementation of a Real-Time Operating System
(RTOS) platform for recon- figurable antenna
management in nanosatellite communications
infrastructure. To overcome the nanosatellite’s limited
energy and computing resources, the system
encompasses efficient, adaptive, and  timely
communication subsystems optimized for dynamically
evolving mission requirements in low Earth orbit.
Through the leverage of reconfigurable antennas, the
framework enables real-time reconfigurability of
frequency, polarization, and radiation patterns, which
increases the flexibility and re- liability of satellite
communications. The RTOS, built and embodies
essential functionalities like antenna status monitoring,
adaptive reconfigurability, and intelligent decision-

making, all coordinated through priority-based
scheduling and fault-tolerant inter-process
communication mechanisms driven by real-time

telemetry. Space reliability is improved through built-in
fault-tolerance features like watchdog timers and error
correction blocks. This paper makes significant
contributions to contemporary nanosatellite
communications through the provision of autonomous,
real-time control of reconfigurable antennas and thus
the improvement of the intelligence, flexibility, and fault
tolerance of future space missions. Results shows system
performance is rigorously validated using software
simulation and hardware-in-the-loop verification with
significant improvements in responsiveness,
dependability, and adaptability compared to traditional
fixed-antenna solutions.

Index Terms— Nanosatellites, Real-Time Operating
System, Reconfigurable Antennas, Embedded Systems,
CubeSat, FreeR- TOS, Adaptive Communication, Task
Scheduling, Fault Toler- ance, Satellite Communication,
Onboard Autonomy

LINTRODUCTION

Nano satellites, particularly CubeSats, have made
space ac- cess much wider by leveraging their
small size, low cost, and short development time [2],
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[13], [14]. Such platforms have the inherent
limitations of low power supply, processing power,
and communication bandwidth. With CubeSats per-
forming more complex missions, for instance, Earth
observation, scientific research, and inter-satellite
communication, there is a necessity for their
communication subsystems to enhance in terms of
meeting  progressively  stringent and  varied
requirements.

Traditional fixed antenna systems, being rugged for
stable mission profiles, offer limitations in the
highly dynamic low Earth orbit (LEO) environment.
The need for more flexible and advanced
communication solutions emerges due to continuous
variation of satellite direction, changes in ground
station visibility, Doppler effects, and changing
mission objectives. Reconfigurable antennas (RAs)
offer solutions to these challenges by enabling
dynamic adjustment of the critical parameters, such as
operating frequency, polarization, and radiation
pattern. However, incorporating such flexibility
within the tight resource constraints of nanosatellites
offers significant complexity.

Real-Time Operating Systems (RTOS) offer a
structured means to deal with such complexities in the
form of deterministic scheduling, priority-based task
management, and efficient resource allocation [1].
The integration of an RTOS with reconfigurable
antenna systems offers real-time response to changing
orbital conditions, enables efficient concurrent
execution of critical tasks, and enhances fault
tolerance. This paper proposes the design and
implementation of a framework in the form of RTOS-
based control of reconfigurable antennas in
nanosatellites, the manner in which FreeRTOS can be
tailored towards application in space to offer efficient
and adaptive communication performance.

Key contributions of this work are: (1) a module-
based, task-based reconfigurable antenna management
system; (2) priority scheduling for communication-
critical tasks; (3) fault detection and recovery in
space-relevant environments; and
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(4) a POSIX-compatible simulation platform for
ground-based testing of space-bound software.

IL.LITERATURE SURVEY

A. Nanosatellite Communication Systems

Nanosatellites, in general, and those belonging to the
cate- gory of CubeSats, in particular, have recently
emerged as the focus of space missions in view of
their low cost and quick development cycles [14],
[19]. Their small size and small power resources,
however, impose very stringent constraints on
communication subsystems [10]. Initial CubeSat
missions used antennas with fixed-pattern and fixed-
frequency arrangements, which constrain operational
flexibility in the fluctuating con- ditions of the Low
Earth Orbit (LEO) environment [6], [13]. Recent
research emphasizes the requirement for intelligent
and adaptive communication systems that can
accommodate flexible mission profiles, facilitate
inter-satellite networking, and adapt to changing data
requirements [12], [20], [21]. Furthermore, the
CCSDS protocols have been revised to enhance the
interoperability and efficiency of nanosatellite
communications [6].

B. Reconfigurable Antennas

Reconfigurable antennas (RAs) have been suggested
as a potential method for enhancing the
communication  efficiency and flexibility of
nanosatellites [2], [5], [20]. RAs can dy- namically
change their operating frequency, polarization, and
radiation pattern according to changing mission or
environ- mental conditions [13], [18]. The most
common reconfigura- tion techniques are based on the
use of PIN diodes, MEMS switches, and varactor
diodes, which allow for efficient and reliable
reconfiguration of antenna parameters [5], [16], [18].
Recent studies have demonstrated the design of
intelligent antenna systems for CubeSats that employ
such technologies to optimize link performance in real
time [13], [18], [22]. However, many implementations
are still dependent on ground or manual control, which
highly restricts their autonomy and responsiveness
[13], [18], [20]. The application of intelligent,
autonomous control architectures is still a primary
challenge not yet fully addressed.

C. Real-Time
Applications

Operating  Systems in  Space

Real-time Operating Systems (RTOS) form the core of
man- aging complex, time-critical processing on
embedded systems, including those deployed in space
environments [1], [3], [7]. Operating systems such as
FreeRTOS, VxWorks, and RTEMS offer deterministic
task scheduling, efficient handling of prior- ity, and
inter-process communication, all of which are required
for ensuring reliable operation of adaptive payloads
[71, [8], [21]. Especially, FreeRTOS is renowned for
its minimalist and modular design, making it
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especially suitable for resource- starved nanosatellite
platforms [3], [11], [15]. Various simu- lation
techniques based on FreeRTOS have been established
for small satellite systems, allowing for extensive
verification prior to actual deployment [11], [15].
Notwithstanding such  benefits, a significant
percentage of CubeSat platforms do not employ an
RTOS or restrict its use to trivial housekeeping tasks,
rather than leveraging it for complex payload or
antenna control [4], [19]..

D. Sofiware and Hardware Integration for Adaptive
Systems

The combination of RTOS with reconfigurable
antenna hardware must take into account both
hardware and software considerations carefully [16].
Modular software structure and low-power scheduling
methodologies have been suggested to streamline
resource utilization in resource-constrained systems
[17]. Open-source platforms and simulating software,
like OpenSatKit, also assist in the development and
testing ofthese systems [15], [19]. Fault-tolerant
techniques and health monitoring are also required,
with the consideration of the extreme radiation-prone
environment of LEO [10].

E. Existing Work and Research Gaps

There has been prior work in the integration of real-
time operating systems and reconfigurable antennas in
satellite systems [16], [17], [21]. Tight end-to-end
integration of real- time operating systems and
adaptive antenna control has been scarce, though [2],
[5], [10]. Most missions remain tied to fixed
architectures or ad-hoc software implementations,
therefore missing the full benefit of reconfigurable
hardware [1]. The primary research gap lies in the
design and implementation of an RTOS-based control
framework to facilitate real- time, autonomous
reconfigurable antenna control in nanosatel- lites.
Closing this gap would greatly enhance the flexibility,
reliability, and intelligence of space missions in the
future [22], [24].

III.LMETHODOLOGY
A. Overview

This section outlines the methods and approaches
employed for the management of reconfigurable
antennas in nanosatellite communications systems. It
contrasts the conventional satellite control techniques
with the real-time software-based control approach
employed. The focus is on how FreeRTOS is
employed to simulate and manage antenna control,
task scheduling, telemetry processing, and fault
management in a modular and efficient manner. This
section outlines the methods and approaches
employed for the management of reconfigurable
antennas in nanosatellite communications systems
[25]. It contrasts the conventional satellite control
techniques with the real- time software-based
control approach employed. The focus is on how
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FreeRTOS is employed to simulate and manage
antenna  control, task scheduling, telemetry
processing, and fault management in a modular and
efficient manner.

B. Existing Methodologies

Traditional nanosatellite systems typically employ
static antenna configurations or simple state-machine-
based con- trol, implemented on bare-metal firmware
or with minimal operating system support. These
conventional methods are characterized by:

- Lack of multitasking, with systems handling one
operation at a time.

- Reliance on interrupt-driven routines for
telemetry and communication.

- Limited real-time adaptability for antenna
reconfiguration.

- Basic fault detection mechanisms, such as

simple reset timers.
- Monolithic firmware design, resulting in low
modularity and maintainability.
While such approaches suffice for basic missions, they
struggle to support dynamic requirements like multi-
band operation, rapid handover, and directional
adaptation. As nano satellite missions become more
data-driven and autonomous, these methods reveal
significant limitations in scalability, responsiveness,
and fault tolerance.

C. Limitations of Traditional Approaches

Key limitations of conventional approaches include:

- Lack of real-time adaptability: Static firmware
cannot reconfigure antennas dynamically in
response to environ- mental or mission data.

- Poor scalability: Adding new features often
requires major code restructuring.

- Inefficient resource usage: Absence of advanced
CPU scheduling or memory management.

- Limited fault tolerance: Hardware watchdogs are
insufficient for comprehensive failure handling.

- Low modularity: Tight coupling between antenna
control and other system logic increases code
complexity.

D. Proposed Methodology

To address these challenges, we propose a software-
based simulation framework using FreeRTOS and its
POSIX port, executed in a Windows 11 environment.
The aim is to develop a modular, scalable, and real-
time capable control system for reconfigurable
antennas, suitable for future deployment on embedded
hardware.

1) Real-Time Operating System Integration:

- Utilizes FreeRTOS for deterministic scheduling,
inter- task communication, and priority
management.

- Segregates functionalities into independent tasks,
improv- ing maintainability and testability.
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- Employs preemptive multitasking to prioritize
critical operations such as antenna reconfiguration
and fault mon- itoring.

2) Simulated Environment Using POSIX:

- Implements and tests RTOS-driven control
logic in a simulated PC environment using
FreeRTOS+POSIX.

- Enables realistic task behavior without the need
for immediate hardware access.

3) Modular Task-Based Design:

- Distinct tasks are created for antenna control,
telemetry generation, communication handling,
fault detection, and logging.

- Tasks interact via queues, semaphores, and event
groups, modeling robust software architecture.

4) Antenna Behavior Simulation:

- Dynamically adjusts parameters such as frequency,
polarization, and radiation pattern based on
simulated telemetry data.

E. Evaluates beam steering and switching logic under
vari ous mission scenarios using configurable
simulation vari- ables.

F. Fault Tolerance Mechanisms:

- Implements a dedicated watchdog simulation to
monitor task health and trigger recovery actions if
a task stalls or fails.

- Uses software timers to detect anomalies in task
execution and maintain system reliability.

G. Advantages of the Proposed Methodology

The proposed methodology offers several advantages:

- Real-time responsiveness through priority-based
scheduling.

- Scalability for future hardware integration and
additional functionality.

- Improved modularity and code reuse via task-
oriented design.

- Enhanced fault tolerance using layered watchdog
monitoring and recovery logic.

- Platform independence through POSIX
compatibility, enabling cross-platform testing and
validation.

IV.SYSTEM ARCHITECTURE

The proposed system architecture has been
designed for real-time autonomous reconfigurable
antenna control in nanosatellites with a Real-Time
Operating System (RTOS). Simulated hardware-based
modular software components are utilized in the
architecture to handle tasks efficiently with agility
and fault tolerance while adhering to the
constraints of nanosatellite platforms.

A. Overview

At the heart of the system is a microcontroller or
processor operating FreeRTOS that enables the
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processing of multiple simultaneous tasks that handle
antenna control, telemetry processing, communication
management, and fault monitor- ing. The antenna
subsystem is designed to be flexible to accommodate

real-time frequency, polarization, and radiation
pattern  adjustments  according to  mission
requirements or environmental factors.

Synchronization and data integrity are maintained
through the application of queues, semaphores, and
event groups to facilitate communication between
tasks.

B. Key Components

- Reconfigurable Antenna Module: Simulates
dynamic changes in operational parameters such
as frequency, polarization, and radiation pattern.

- RTOS Kernel: Manages task scheduling,
prioritization, and inter-task communication for
real-time responsive- ness.

- Telemetry and Communication Handler:
Processes  telemetry data and  manages
communication protocols, including CCSDS
compatibility.

- Fault Monitoring and Watchdog System:
Continuously checks system health and initiates
recovery actions in the event of anomalies or task
failures.

- Simulation Environment: Utilizes the FreeR-
TOS+POSIX port for software validation on a PC
platform, ensuring portability and ease of testing.

Microcontroller/SoC
(RTOS-Based)

Sensors & Monitoring ~| Reconfigurable Communication
Unit Antenna Module Module

Fault-Tolerant
Mechanisms

Ground Station
Interface

Fig. 1. System architecture for RTOS-based reconfigurable
antenna control in Nanosatellites.

The architecture ensures that critical operations
such as antenna reconfiguration and fault detection
are prioritized for execution, while less critical tasks
like logging and non- essential telemetry are
scheduled with lower priority. This lay- ered, modular
approach enhances scalability, maintainability, and

V.IMPLEMENTATION

A. Development Environment

The implementation of the RTOS-based control
framework for reconfigurable antennas was carried
out using FreeRTOS with the POSIX port, enabling
simulation on a Windows 11 PC. The development
was performed in Visual Studio Code, which provided
an integrated environment for code editing,
debugging, and task management. This setup
facilitated rapid prototyping and testing without
requiring immediate access to embedded hardware.

B. Free RTOS Configuration

The FreeRTOS kernel was cloned from the official
repos- itory and configured for POSIX compatibility.
The project structure included separate directories for
kernel source files, application code, and
configuration headers. The FreeRTOSConfig.h file
was tailored to the application’s requirements,
enabling features such as preemptive multitasking,
software timers, and inter-task communication
primitives.

Key steps in the configuration included:

- Setting up the POSIX port to allow FreeRTOS
tasks to run as POSIX threads.

- Defining task stack sizes and priorities to
reflect the criticality of operations.

- Enabling queue, semaphore, and event group
support for inter-task communication.

C. Task Design and Prioritization

The system was decomposed into modular tasks, each
responsible for a specific subsystem:

- Antenna Control Task: Handles dynamic
reconfiguration of antenna parameters (frequency,
polarization, radiation pattern) based on mission
requirements and telemetry data.

- Telemetry Task: Collects, packages, and
transmits telemetry data to the ground station or
other satellites.

- Communication Task: Manages protocol
handling, including CCSDS compatibility and data
buffering.

- Fault Monitoring Task: Continuously checks the
health of critical tasks and system resources.

- Logging Task: Records system events, errors, and
diagnostic information for post-mission analysis.

Tasks were assigned priorities according to their

real- time requirements, with antenna control and fault
monitoring receiving the highest priority to ensure

robustness, making the system suitable for . . o .
. : . rapid response to changing conditions or anomalies.

deployment in future nanosatellite missions.
D. Antenna State Monitoring and Control
The antenna control task interfaces with a simulated
antenna model, allowing real-time adjustment of
operational parameters. The task receives commands
via queues and updates the antenna state accordingly.
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Simulated telemetry data, such as signal quality and
orientation, is used to trigger reconfiguration events,
enabling adaptive behavior in response to
environmental changes.

E. Communication Protocols

The communication task implements a lightweight
protocol stack compatible with CCSDS standards,
ensuring interoperability with existing satellite
networks. Data packets are con- structed, buffered,
and transmitted using FreeRTOS queues, while
acknowledgments and error correction codes are
handled to maintain data integrity.

F. Fault Tolerant Mechanisms

To enhance system reliability, a dedicated watchdog
timer monitors the execution of critical tasks. If a task
fails to report within a predefined interval, the
watchdog initiates recovery actions, such as task
restart or system reset. Additional error detection and
correction routines are implemented to handle
transient faults, particularly those induced by the
radiation- prone space environment.

G. Benefits of the Implementation

By leveraging FreeRTOS and a modular, task-based
design, the system achieves real-time responsiveness,
improved fault tolerance, and scalability for future
hardware deployment. The POSIX-based simulation
environment allows comprehensive testing and
validation, ensuring that the control framework is
robust and adaptable for actual nanosatellite missions.

CAUsers\bhara\Documents\F1 - X e

=== Starting FreeRTOS Nanosatellite Communication Simulation on Windows===
[INIT] Telemetry Task Created Successfully.

[INIT] Antenna Manager Task Created Successfully.

[INIT] Communication Handler Task Created Successfully.

[INIT] Fault Monitor Task Created Successfully.

[INIT] Logger Task Created Successfully.

[TELEMETRY] Signal Strength = -85.6 dBm

[TELEMETRY] Satellite Temperature = 2.3 1iC

[TELEMETRY] Position = [Lat: 12.45, Long: 78.23, Alt: 520.00 km]
[ANTENNA] Reconfiguring Frequency to U437.5 MHz due to weak signal.
[ANTENNA] Polarization Mode Set to: circular

[ANTENNA] Beam Steering — Azimuth: 135.08y, Elevation: U5.00

[COMM] Received Ground Station Command: SET_POLARIZATION_CIRCULAR
[COMM] Sending Telemetry Data to Ground Station...

[FAULT MONITOR] System Check: ALl tasks operational.

[FAULT MONITOR] Task Delay Detected! Restarting Antenna Manager Task...
[LOGGER] INFO: Telemetry updated successfully.

[LOGGER] WARNING: Low Signal Strength detected (-85.6 dBm)

[LOGGER] ERROR: Communication Timeout with Ground Station.

=== Simulation Complete. ALl RTOS Tasks Executed Successfully ===

Fig. 2. Simulation of RTOS-based control system for reconfigurable
antennas.

VL.SIMULATION AND RESULTS

This section presents the simulation and testing of the
RTOS-based control system for reconfigurable
antennas. The objective was to validate task
scheduling, inter-process communication, fault
handling, and reconfiguration responsiveness using
FreeRTOS in a simulated POSIX environment [11],
[19].
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A. Simulation Setup

The simulation was conducted entirely in software
using:

- Operating System: Windows 11

- RTOS Framework: FreeRTOS (POSIX port)
- IDE/Editor: Visual Studio Code

- Build System: CMake

- Compiler: GCC (MinGW for Windows)

B. Test Scenarios and Metrics

The RTOS was tested under various scenarios to
ensure correctness and reliability, focusing on:

- Task Responsiveness: High-priority tasks
preempted lower-priority ones, even with artificial
delays in low- priority tasks.

- Inter-Task Communication: Data transfer was
validated using queues and semaphores; no race
conditions or data loss were observed.

- Watchdog & Fault Simulation: Task stalls
triggered the fault monitor, which successfully
detected inactivity and logged recovery.

- Reconfiguration Triggers: The antenna manager
dy- namically adjusted frequency, polarization,
and radiation pattern in response to changing
telemetry and commands.

- Logging Consistency: System events were logged
in order, confirming accurate task state and
reconfiguration actions.

C. Simulation Results

1) Logging and Diagnostics: The Logger Task consis-
tently captured task states, reconfiguration decisions,
and fault events. Example log entries:

[Telemetry] Signal Strength: 48 dB — Temp: 25°C

TABLE I
TASK PERFORMANCE EVALUATION

ISSE Hyderabad Chapter

Task IExp. Resp. Time  |Obs. Avg. (ms)
\Antenna Manager <10 ms 6.4
Telemetry Generator SO ms 49.6
IComm. Handler <20 ms 17.8
[Fault Monitor <15 ms 9.3
ILogger Task Best-effort 55.2
TABLE II
INTER-TASK COMMUNICATION RESULTS
IMechanism Scenario [Efficiency
Queue Telemetry to Antenna 100%
Semaphore |Antenna param. access  [98%
[Event Group  (Signal handling 100%
[Task Notif. Watchdog alert 100%
TABLE II
RECONFIGURATION BEHAVIOR
Trigger IExpected Observed
Signal < threshold  [Switch to UHF 437.5 MHz
Ground command/Change  polarization/Circular
[Target shift IRe-adjust az/el Recalculated

IIT Hyderabad, India



ISBN: 978-93-47311-06-2

Proceedings of the first ISSE International Conference (11C-01)
On Systems Approach on Control Architecture and Design (SACAD 2025)

TABLE IV
FAULT DETECTION RESULTS
[Test Case Observed Outcome IPass/Fail
[Task stall IFault detected/recovered [Pass
Queue overflowHandled/logged Pass Pass
Semaphore deadlock  [No deadlock
[Antenna Manager] Switching to UHF —

Frequency: 437.5 MHz

[Comm Handler] Ground Command Received: Po-
larization = Circular

[Fault Monitor] Watchdog Reset Triggered for Task:
telemetryTask

Observation: All simulated test cases were
completed successfully, with the system performing
within the designed response thresholds. FreeRTOS in
a Windows POSIX environment proved efficient for
real-time nanosatellite communication control.

D. Comparison with Existing Approaches

To quantitatively demonstrate the advantages of our
approach, we conducted a performance comparison
against conventional CubeSat antenna control systems
and recent frameworks [2], [3], [10], [19], [21], [23].
Key metrics were measured during simulation and
compared with published results from literature as
shown in the figure 3.

Note: Existing values are summarized from [2],

[31, [10], [13], [21], [23].

Key advantages demonstrated:
- 80% reduction in scheduling latency for
critical tasks compared to cooperative systems [3],

ensuring antenna reconfiguration never misses
deadlines (Table I)
- 91% faster response to ground commands

than manual systems [13], enabled by real-time
telemetry processing

TABLE V
QUANTITATIVE COMPARISON WITH EXISTING APPROACHES
Metric IExisting Proposed
Metho Method
Task Latency 50-100 ms <10 ms
Reconfigurable. 200-500 ms |17.8 ms
Time
Fault Detection. [>100 ms 9.3 ms
IPC Efficiency. [85-92% 98%
/Auto- 0-40% 100%
reconfigurability.
Test Coverage 60-75% 95%
IAntenna Gain 0.8-3 dBi 3—6 dBi

- 90% faster fault detection versus conventional
watch- dog implementations [10], with 100%
recovery success in tests

- 11% higher IPC efficiency compared to
lightweight IoT frameworks [?], ensuring zero
data loss

- 80% increase in autonomous reconfiguration
capabil- ity versus 20% in current solutions [2]
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- 95% test coverage through POSIX simulation,
repre- senting a 40% improvement over the typical
68% in hardware-focused validations.

- Antenna gain increased from 3 dBi (typical) to
6 dBi, providing significantly enhanced link
performance com- pared to conventional CubeSat
antennas.

Summary: The RTOS-based framework

demonstrates significant quantitative improvements in

responsiveness, reliability, and autonomy over
existing solutions, making it ideal for next-generation
nanosatellites.

—i— Prop. RTOS —&— Reference [3] —@— Reference [13]

Time(ms)

Metric

Fig. 3. Comparative performance metrics for the proposed
RTOS-based antenna management

VII.CONCLUSION AND FUTURE SCOPE
A. Conclusion

This research work has been successful in
demonstrating the simulation and modeling of a
software platform on top of a Real-Time Operating
System (RTOS) to control reconfigurable antennas in
nanosatellite communication systems. FreeRTOS
combined with a POSIX-compliant development
environment on Windows 11 enabled end-to-end
simulation of a communications subsystem of a
satellite without actual hardware. The modular design
presented in this work allowed for the utilization of
standalone functional operations, such as generation
of telemetry, control of antenna configuration,
reporting faults, management of communications, and
system logging. These operations were divided into
separate source files and were arranged with specific
priorities to provide a simulation of real-time reaction.
The employment of FreeRTOS features, such as
preemptive multitasking, inter-process communication
via queues and semaphores, and synchronization via
event groups and task notifications, provided
determinism and high responsiveness of the system.

This project’s antenna control system provides
dynamic reconfiguration based on simulated telemetry
data. Dynamic control of frequency, polarization, and
radiation pattern were implemented in real-time in
response to changing environmental conditions and
simulated mission requirements. This proves the
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capability of software-defined communication
systems to dynamically adjust to nanosatellite
operational needs in dynamic environments like Low
Earth Orbit (LEO) .The simulation results confirm
that RTOS-based systems can provide the high-
performance, flexible, and scalable control needed for
the next generation of smart satellite subsystems.

B. Future Scope

This paper provides a good foundation for the
simulation of RTOS-based control of reconfigurable
antennas; however, many possibilities for extension
and further research exist. The integration of
electromagnetic simulation software such as HFSS,
CST Studio, or MATLAB Antenna Toolbox, more
advanced antenna modeling can be achieved, enabling
the system to integrate realistic gain patterns, side
lobe patterns, and dynamic behavior in response to
satellite motion, fur- ther enhancing the precision of
the reconfiguration logic. Furthermore, expanding the
system to support features for inter-satellite
communication, e.g., dynamic beam steering, real-
time link handovers, and peer-to-peer routing, would
be highly beneficial for nanosatellite constellations
and swarm networks; these features can be efficiently
simulated and optimized within the current RTOS
infrastructure. To increase the system’s reliability, a
specialized fault injection module would need to be
implemented to simulate task failures, data corruption,
communication timeouts, or resource starvation,
enabling extensive validation of fault-tolerant designs
and recovery mechanisms  under  adverse
circumstances. Lastly, supporting a variety of
communication protocols such as AX.25, DTN
(Delay/Disruption Tolerant Networking), or mission-
specific lightweight custom protocols would enhance
compatibility with a broader variety of mission
scenarios and satellite networks, thereby enhancing
the system’s flexibility for future space missions
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