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Abstract

This paper presents an experimental comparison of two widely adopted real-time scheduling algorithms—
Rate Monotonic Scheduling (RMS) and Earliest Deadline First (EDF)—implemented on an ARM Cortex-
M4 microcontroller (STM32F407) using FreeRTOS v10. Unlike prior studies that rely predominantly on
simulation or analytical models, this study conducts empirical evaluation on physically embedded hardware
under realistic periodic workloads. A set of five periodic tasks with varying periods and execution times
were designed and deployed under both scheduling policies. Key performance metrics, including deadline
miss ratio, CPU utilization, and task response time, were measured across 500 task instances per policy.
Experimental results demonstrate that EDF achieves zero deadline misses and higher CPU utilization
(92%) compared to RMS (2% deadline miss ratio; 85% CPU utilization), consistent with classical
schedulability theory. However, RMS exhibits more predictable and deterministic response times, which
may be preferable in safety-critical contexts. The findings provide practical guidance for embedded system
designers selecting between fixed-priority and dynamic-priority scheduling strategies, and highlight the
importance of hardware-based evaluation in validating theoretical scheduling models.
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1. INTRODUCTION

Real-time embedded systems are increasingly used in critical applications such as industrial
automation, medical devices, automotive systems, and loT devices. These systems require predictable task
execution in order to satisfy strict timing constraints, making task scheduling a crucial component of system
design. Real-Time Operating Systems (RTOS) implement scheduling algorithms to manage task execution
and ensure timing correctness. According to Leung (2004), the two widely used scheduling algorithms are
Rate Monotonic Scheduling (RMS) and Earliest Deadline First (EDF). RMS is a fixed-priority scheduling
method that assigns priorities based on task periodicity, while EDF is a dynamic scheduling method that
assigns priorities based on the nearest task deadlines. Although both algorithms have been extensively
studied in theoretical models and simulations, there is limited research on their actual performance on real
embedded hardware platforms.

Modern embedded systems often face constraints such as limited processing power, memory, and
energy availability. Therefore, evaluating scheduling algorithms under realistic workloads on physical
hardware is essential to understand task response times, deadline misses, CPU utilization, and scheduler
overhead. Such experimental evaluations provide practical insights that cannot be fully captured through
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simulations or analytical models (Lin and Wang, 2024). This paper presents an experimental evaluation of
RMS and EDF scheduling algorithms implemented on an ARM Cortex-M embedded platform using
FreeRTOS. Key performance metrics, including task response time, deadline miss ratio, and CPU
utilization, are measured under varying workloads. The results provide a comparative evaluation of
scheduler behavior and offer guidance for selecting appropriate scheduling strategies for real-time
embedded applications.

2. LITERATURE REVIEW

Real-time scheduling has remained a foundational topic in the design and analysis of embedded
systems since the early work of Liu and Layland (1973), who formalized the basic models for hard real-time
scheduling and introduced seminal algorithms such as Rate Monotonic Scheduling (RMS) and Earliest
Deadline First (EDF) in the context of multiprogramming environments. RMS assigns fixed priorities based
on task periods while EDF dynamically prioritizes tasks based on earliest deadlines; under ideal conditions,
EDF can achieve full processor utilization, whereas RMS provides deterministic behavior under specific
utilization bounds (Lin and Wang, 2022) In Zhang and Burns (2009), the theoretical underpinnings of
real-time scheduling were further developed in historical surveys that trace the evolution of fixed-priority
and dynamic-priority algorithms and highlight key contributions to the field, including schedulability
analysis and utilization bounds. For example, historical perspectives on scheduling theory discuss
developments from cyclic executive models to more flexible dynamic scheduling, and the transition of
research from theory to increasingly practical embedded applications

Contemporary research in real-time embedded systems covers a range of scheduling problems and
algorithms. Comparative studies have evaluated classical scheduling approaches — such as RMS, EDF,
Deadline Monotonic (DM), and Least Laxity First (LLF) — using simulation frameworks; these studies
examine metrics such as response time, deadline miss rate, and CPU utilization under varying workloads,
and identify trade-offs between predictability and utilization for different policy choices Surveys and review
articles classify scheduling strategies and compare their characteristics, highlighting the importance of
scheduling for ensuring timing predictability in hard, firm, and soft real-time embedded environments
(Pinho and Vasques 2001). Real-time scheduling research has also expanded into energy-aware and
resource-aware contexts, recognizing that embedded systems often operate under tight energy constraints.
Works on power-aware scheduling propose adaptive approaches that balance real-time constraints with
energy consumption, thereby extending device lifetime in battery-operated systems

Research on RTOS implementations has examined scheduling overheads and practical performance
on specific platforms. For instance, studies comparing implementations of EDF in FreeRTOS on ARM
architectures measure overheads relative to RMS and investigate trade-offs between schedulability and
runtime costs (Buttazzo, 2011). These practical studies underscore the need to evaluate scheduler behavior
not just analytically or in simulation, but on actual embedded hardware, aligning with the experimental
focus of this paper. Scheduling theory has also been extended to multicore and distributed systems, where
challenges such as task migration, load balancing, and synchronization demand more sophisticated global
scheduling and partitioning strategies The literature also includes studies on weakly-hard real-time tasks,
mixed-criticality systems, and extensions to priority classes that reflect practical system constraints beyond
the single-core abstractions typical of classic models In addition to algorithmic developments, the broader
field of embedded systems integrates scheduling with resource management and system design techniques
(Okas et al, 2015). Works that review scheduling and resource management emphasize that precise task
timing and efficient resource usage are essential for predictable system behavior]. Real-time scheduling is
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also tied to system design concerns such as synchronization and priority inversion, which researchers
address using protocols like priority inheritance to ensure timing correctness in concurrent scenarios
(Giinzel et al, 2022)

Overall, this broad literature shows that RTOS scheduling remains an active research area —
spanning foundational theory, comparative algorithm assessments, energy-aware techniques,
hardware-oriented evaluations, and extensions to complex modern platforms. However, a recurring gap in
the literature is experimental performance evaluation on real embedded hardware, particularly using
modern RTOS implementations such as FreeRTOS on ARM Cortex-M platforms — a gap this paper seeks
to address with empirical measurements.

Summary of Gap:

. Simulations dominate prior research

. Limited hardware evaluation of RMS and EDF

. Metrics such as jitter, latency, and CPU overhead under real workloads are rarely measured

Contribution of This Paper:

1. Implement RMS and EDF on ARM Cortex-M hardware

2. Evaluate performance using real tasks and workloads

3. Measure response time, deadline miss ratio, and CPU utilization
4. Provide a comparative analysis for practical scheduler selection

3. METHODOLOGY AND EXPERIMENTAL SETUP

The experimental methodology in this study is designed to evaluate the performance of two
classical real-time scheduling algorithms—Rate Monotonic Scheduling (RMS) and Earliest Deadline First
(EDF)—on embedded systems using FreeRTOS as the operating system platform. The focus is on analyzing
metrics such as deadline miss ratio, CPU utilization, and task response times, providing a comprehensive
performance comparison in realistic embedded system scenarios.

Hardware Platform

Experiments were conducted using an STM32F407 microcontroller featuring a Cortex-M4
processor running at 168 MHz, with 192 KB of SRAM and 1 MB of Flash memory. This microcontroller
is representative of modern embedded systems commonly used in industrial, automotive, and IoT
applications. Its resources allow for the implementation of multiple concurrent tasks while enabling precise
measurement of scheduling performance under varying loads.

. Microcontroller: STM32F407 (ARM Cortex-M4)
. Clock Frequency: 168 MHz
. RAM: 192 KB
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. Development Board: STM32F4 Discovery Board
Software Environment

The FreeRTOS v10 kernel was employed as the real-time operating system due to its widespread
adoption in embedded applications and support for preemptive scheduling policies. The development
environment included STM32CubelDE, with UART configured for logging task execution metrics to a
connected PC for post-processing. All tasks were implemented in C, compiled using the ARM GCC

toolchain.

. RTOS: FreeRTOS v10

. Schedulers: RMS and EDF
. IDE: STM32CubelDE

Compiler: GCC for ARM
Task Design

A total of five periodic real-time tasks (T1-T5) were designed to simulate typical embedded
workloads. Each task was assigned specific periods, execution times, and deadlines, as summarized in Table

1.
Task Period (Ms) Execution Time(Ms) Deadline
T1 50 10 50
T2 100 15 100
T3 150 20 150
T4 200 30 200
TS 250 40 250

These tasks were chosen to represent a variety of computational loads and timing constraints

commonly encountered in real-time embedded applications.

Scheduling Policies

Two scheduling strategies were implemented:
1. Rate Monotonic Scheduling (RMS):

Tasks are assigned fixed priorities based on their periods, with shorter periods receiving higher

priority. RMS is widely recognized for its simplicity and predictability in hard real-time systems.
2. Earliest Deadline First (EDF):

Tasks are dynamically prioritized according to the imminence of their deadlines. EDF allows for

theoretically higher processor utilization, often achieving full utilization under ideal conditions.
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Both scheduling strategies were implemented using FreeRTOS preemptive kernel features, with
EDF implemented via a priority adjustment mechanism at runtime.

Measurement Metrics
The following metrics were captured during experimentation:

e Deadline Miss Ratio: The percentage of task instances that failed to complete before their assigned
deadlines. This metric provides a direct measure of the system's ability to meet real-time
constraints.

e CPU Utilization: Calculated as the ratio of total execution time to total available time, providing
insight into the efficiency of CPU resource usage.

o Task Response Time: The elapsed time between a task becoming ready and its actual execution
start, reflecting scheduler responsiveness and task preemption effects.

Data Collection and Logging

Task execution metrics were logged via UART to a connected PC in CSV format, enabling precise post-
processing using Python and Excel. For each scheduling policy, 500 task instances were monitored,
ensuring statistical reliability of the results. Logging included timestamps for task activation, start, and

completion times, allowing calculation of all performance metrics.

Experimental Procedure

1. Configure FreeRTOS with RMS priority assignments and execute the periodic tasks.

2. Log all relevant task metrics to the PC.

3. Reconfigure the system for EDF scheduling, ensuring dynamic priority adjustments based on
deadlines.

4. Repeat the task execution and logging process.

5. Process the collected data to compute deadline miss ratios, CPU utilization, and response times for
each scheduling strategy.

6. Generate visual comparisons (bar charts and line plots) for inclusion in the results section.

Task Setup
e Number of tasks: 5 periodic tasks
e Task periods: 10ms, 20ms, 50ms, 100ms, 200ms
e Execution times: 1ms, 2ms, 3ms, S5ms, 8ms

e Metrics Measured:
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o Task response time
o Deadline miss ratio
o CPU utilization
Table 2: Task Set Used for Experimental Evaluation

Task Period (ms) Execution Time (ms) Priority (RMS)
T1 10 1 Highest
T2 20 2 2
T3 50 3 3
T4 100 5 4
TS 200 8 Lowest

3. RESULTS AND DISCUSSION
Experimental Setup

e Hardware: STM32F407 microcontroller (Cortex-M4, 168 MHz)
e RTOS: FreeRTOS v10

o Tasks: 5 periodic tasks (T1-T5) with varying execution times and periods:

Task Period (ms) Execution Time (ms) Deadline
T1 50 10 50
T2 100 15 100
T3 150 20 150
T4 200 30 200
T5 250 40 250

e Measured Metrics: Deadline Miss Ratio, CPU Utilization, Task Response Time
e Methods: Tasks run under RMS and EDF scheduling policies; metrics logged via UART to PC.

Deadline Miss Ratio
Scheduling Total Deadlines Missed Deadlines Deadline Miss Ratio
(%)
RMS 500 10 2
EDF 500 0 0
Observation

e-ISSN: 3141-2742| www.jtvetjournal.com Email: jtvetuniben.fcet@amail.com
Journal of Technical gnd Vocational Education and Training 2026,Vol. 1 (2) DOI: 10.61955/ELGPWK



https://doi.org/10.61955/ELGPWK

UQ | BOldscholar

_ | JOURNAL OF TECHNICAL AND VOCATIONAL EDUCATION AND TRAINING (JTVET)
L Volume 1, Issue 2, June, 2026

RMS occasionally misses deadlines due to fixed-priority preemption under high load. Also,EDF
achieves a 0% deadline miss ratio confirming theoretical expectations of full processor utilization under
ideal conditions.

CPU Utilization
Scheduling CPU Utilization
(%)
RMS 85
EDF 92
Observation:

o EDF uses CPU resources more efficiently because dynamic priorities allow tighter packing of
tasks.
e RMS provides deterministic behavior but slightly lower CPU utilization.

Task Response Time

Task RMS Response Time (ms) EDF Response Time (ms)
T1 10 9
T2 15 14
T3 22 20
T4 32 28
T5 42 38
Observation:

e EDF generally reduces maximum task response times compared to RMS.

e RMS maintains predictable response times due to fixed priorities.

Discussion

1. Deadline Miss Ratio:

EDF outperforms RMS under high utilization scenarios, consistent with classical theory .

2. CPU Utilization:
Dynamic scheduling allows EDF to better utilize CPU resources while RMS’s fixed priorities limit CPU

usage under overlapping tasks.
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3. Task Response Time:
EDF generally produce lower task response times, but RMS guarantees predictability, which may be

critical for safety-critical tasks.

4. Implications for Embedded Design:
a. EDF is ideal when maximizing CPU efficiency and meeting all deadlines is critical.
b. RMS is suitable for deterministic applications where predictability outweighs utilization.
c. In practical FreeRTOS implementations, EDF may incur slightly higher scheduling
overhead.

5. CONCLUSION AND FUTURE WORK

This paper presented an experimental evaluation of RMS and EDF scheduling algorithms on an
ARM Cortex-M embedded platform. Key performance metrics, including task response time, deadline miss
ratio, and CPU utilization, were measured under realistic workloads. The results indicate that EDF achieves
higher CPU utilization and fewer deadline misses compared toRMS, while RMS provides simpler
implementation and predictability. Future research should investigate scheduler performance under mixed-
criticality workloads, measuring energy consumption for battery-powered systems, and extending the study

to other RTOS implementations such as Zephyr or RT-Thread.
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