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Abstract—This research investigates the development of 

a custom hybrid operating system (OS) for a Mars rover 

experimental prototype using the Raspberry Pi platform. 

Focusing on operating system optimization, the work 

enhances computational efficiency, real-time 

responsiveness, and AI integration. Key innovations 

include overclocking (boosting CPU performance by 

28%), custom threading (reducing task scheduling 

latency by 22%), and networking improvements for 

stable remote operation. Codec refinements and 

framework adaptations improved real-time video 

analysis throughput by 30%. Integration of a Power-

over-Ethernet (PoE) HAT enhanced thermal regulation 

and stabilized system runtime. Experimental results 

show the customized OS effectively supports intensive 

tasks such as image processing, sensor data acquisition, 

and edge AI workloads. The findings demonstrate a 

scalable, modular OS framework for real-time vision 

systems and intelligent robotics in resource-constrained 

environments. 
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I. INTRODUCTION  

Operating systems (OS) are fundamental to 
managing computational resources and enabling 
interaction between applications and hardware. 
While traditional OS architectures—such as 
monolithic, microkernel, hybrid, and exokernel-
have been optimized over decades [1,2,3], 
specialized applications in real-time and high-
performance environments continue to demand 
further innovations [3,4,5]. Recent research 
emphasizes the importance of modularity, fault 
tolerance, and AI-driven optimizations for 

adaptive and efficient systems [5,6,7]. This 
manuscript focuses on the design, implementation, 
and evaluation of a custom hybrid OS for a 
Raspberry Pi–based Mars rover prototype.  

At the same time, addressing challenges in 
computational efficiency, real-time task execution, 
and AI integration. Building upon prior studies in 
distributed systems and edge computing [7, 8, 9], 
the research follows a three-phase methodology: 
analyzing kernel and scheduling architectures, 
implementing system-level optimizations (e.g., 
custom threading, memory management), and 
benchmarking performance through real-world 
tasks such as image processing, sensor data 
acquisition, and real-time video analysis. By 
combining software design innovations with 
experimental validation, this work advances the 
development of OS frameworks tailored for 
intelligent robotics and resource-constrained 
environments. 

II. DESIGN APPROACHES AND EXPERIMENTAL 

ANALYSIS 

A. System Architecture and Design 

The custom operating system (OS) was 
developed on the Raspberry Pi 4 platform, 
utilizing its ARM Cortex-A72 CPU and 
VideoCore VI GPU to achieve real-time image 
processing and AI-based computation. A 
lightweight Linux kernel was selected and 
modified for high-performance computing and 
robust remote accessibility within a 5V power-
efficient system architecture [6, 7]. 
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B. Kernel Customization and Optimization 

The kernel was compiled based on Linux 
Kernel 6.x, incorporating specific enhancements: 

 Real-Time Multitasking: Enabled 
through preemptive scheduling and 
optimized interrupt handling. 

 Memory Management: Introduced a slab 
allocator designed for rapid memory access 
suited to image processing workloads. 

 Thread Prioritization: Implemented at 
the kernel level to enhance concurrent task 
execution efficiency. 

 Thermal and Power Management: 
Integrated Power-over-Ethernet (PoE) 
features to ensure consistent thermal 
regulation and power delivery without 
additional sensory modules. 

C. Image Processing Framework 

The OS supports a native computer vision 
pipeline, structured as follows: 

 Acquisition: Real-time image capture via 
Pi Camera Module v2. 

 Preprocessing: Noise filtering, grayscale 
conversion, and edge detection. 

 Feature Extraction: CNN-based object 
detection using TensorFlow Lite integrated 
into user-space drivers. 

 Post-processing: Annotation and 
transmission of processed frames through 
WebRTC for remote monitoring. 

OpenCV 4.x libraries were kernel-linked to 
optimize processing speeds while maintaining a 
lightweight system footprint. 

D. Remote Connectivity and Control 

Remote system interaction was achieved 
through: 

 SSH Access: Secure system login using 
OpenSSH with RSA-based authentication. 

 Web Interface: A lightweight Flask server 
providing real-time visualization of image 
processing outputs. 

 Streaming: WebRTC streaming enabled 
low-latency real-time video transmission. 

Custom SSID and static IP configurations were 
implemented to support reliable autonomous 
remote operations. 

E. Experimental Setup 

Hardware Components: 
 Raspberry Pi 4 (4GB RAM) 
 Pi Camera Module v2 
 PoE HAT for power and thermal 

management 
Software Environment: 
 Customized Linux Kernel 6.x 
 OpenCV 4.x and TensorFlow Lite 

Performance Metrics: 

 Image Processing Latency (ms) 
 System Response Time (ms) 
 CPU and Memory Utilization (%) 

Testing involved varying workloads and 
environmental conditions to simulate real-world 
operation scenarios. 

F. Performance Evaluation 

TABLE I. LATENCY ANALYSIS 

Parameter Value 

Frame Processing Time (640x480) 45 ms (Average) 

System Command Response Time < 100 ms 

 
The custom OS achieved 45 ms per frame at 

VGA resolution, significantly enhancing real-time 
vision capabilities. 

TABLE II. RESOURCE Utilization 

Metric Peak Value Average Value 

CPU Utilization 78% 65% 

Memory Utilization 70% 65% 

 

The system maintained stable resource usage, 
even under high computational loads. 

TABLE III. COMPARATIVE Benchmarking 

Parameter 
Custom 

OS 

Raspbian 

OS 
Improvement 

Frame Processing 

Latency 
45 ms 65 ms 30% faster 

Remote Command 

Latency 
<100 ms ~140 ms 29% faster 

CPU Peak 

Utilization 
78% 90% 13% better 
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The custom OS consistently outperformed the 
standard Raspbian OS in latency and resource 
efficiency. 

The designed system demonstrated: 

 Enhanced real-time image processing 
capabilities. 

 Stable and efficient resource management 
under diverse workloads. 

 Seamless and secure remote operation 
through optimized networking. 

The improvements validate the effectiveness of 
kernel-level customizations for real-time, AI-
driven robotic systems. Future work will focus on 
integrating GPU-accelerated processing and 
advanced AI decision-making modules for 
expanded autonomous functionality. 

III. MODELING OF THE CUSTOM OPERATING 

SYSTEM (OS) FOR THE RASPBERRY PI 

A. System Overview 

The developed operating system, termed 
"Hybrid Raspbian Buster", was modeled to 
support dynamic hardware configurations of the 
Raspberry Pi 4 platform. The OS architecture 
incorporates a hybrid user interface (UI) capable 
of executing intelligent decision-making processes, 
specifically optimized for real-time image 
processing and autonomous system functionalities. 
Key attributes of the system include: 

 Dynamic Hardware Adaptability: 
Supports real-time recognition and 
adaptation to connected hardware without 
manual reconfiguration. 

 Cost-Efficient Design: Eliminates the 
need for additional shields, connectivity 
cards, or external hardware modules, 
thereby reducing system cost. 

 Intelligent User Interface: Provides an 
intuitive and responsive environment for 
both local and remote operations. 

B. Networking and Connectivity Model 

The OS was designed with robust and versatile 
networking capabilities: 

 Wi-Fi Connectivity: Establishes network 
access through password authentication, 
with static IP generation and SSID hosting 

configured within the system configuration 
protocols. All devices must reside on the 
same network for full feature compatibility. 

 Bluetooth Communication: Supports 
standard Bluetooth operations for 
peripheral device connectivity. 

 Remote Access via VNC: Implements a 
Virtual Network Computing (VNC) 
protocol where VNC Viewer inputs 
(mouse, keyboard, touch) are transmitted 
to the VNC Server on the OS, allowing 
complete remote access control. 

Limitations: 

 Cloud computing integration and multi-network 
hosting/server activities are currently not supported 
under the present system design. 

C. Software Environment and Development Tools 

The modeling and development of the Hybrid 
Raspbian Buster OS involved a multi-environment 
programming approach: 

 Python Platform: The majority of system 
library extensions and configurations were 
developed and managed using Python, 
enabling modularity and rapid 
customization. 

 Scripting Languages: UNIX system 
functionalities were enhanced via scripting 
with Perl and Ruby, allowing efficient 
control and extension of OS features. 

 Integrated Development Environments 
(IDEs): 

o Visual Studio Code (VS Code) for 
lightweight development and 
scripting tasks. 

o Visual Studio 2019 for Windows 
Core GUI integration. 

 Cross-Platform GUI Support: A 
Windows Core GUI layer was modeled to 
enable operations through a graphical 
interface for Windows-based users, 
ensuring broader usability. 

D. User Interface and System Extensibility 

To enhance user accessibility and future-proof 
the system: 

 User-Friendly Interface: Designed for 
ease of use to accommodate a wide range 
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of users, from technical experts to general 
operators. 

 Firmware Flexibility: The firmware 
architecture allows for modular updates. 
Users can install new packages, modify 
system behavior, and customize 
functionalities directly through Python-
based build resources. 

 Open Configuration Access: System files 
are accessible for modification, permitting 
users to adapt the firmware to specific 
project or operational requirements. 

The Hybrid Raspbian Buster OS successfully 
models a lightweight, adaptable, and intelligent 
operating environment optimized for Raspberry Pi 
applications in real-time image processing and 
remote-controlled autonomous systems.  

While certain limitations such as cloud 
integration remain, the system offers a stable, 
secure, and flexible foundation for further 
expansion and advanced development. 

 

IV. THE CUSTOM HYBRID RASPBIAN BUSTER 

OPERATING SYSTEM (OS) FOR COMPUTER VISION 

IMAGE PROCESSING 

To design the custom operating system (OS) for 
the Raspberry Pi (RPi) used in this prototype, a 
comprehensive evaluation of existing distributions 
was conducted before proceeding with the custom 
design and developmental OS.  

The goal was to identify a solution that could 
deliver the required features for computer vision 
and image processing applications.  

This approach led to the development of a 
Hybrid Raspbian Buster OS, leveraging advanced 
coding, distribution patching, and optimization 
techniques to ensure a high degree of operational 
flexibility and performance.  

The resulting OS integrates characteristics from 
multiple distributions, enabling artificial levels of 
decision-making autonomy by dynamically 
adjusting its operations based on sensory inputs 
and system architecture.  

This self-optimization capacity ensures that 
processes such as data acquisition, data sharing, 

task management, background application 
handling, driver stabilization, image processing, 
video rendering, and codec management are 
executed with maximum efficiency.  

Given the heavy demand on graphical memory 
(responsible for acceleration and computational 
fluidity), integration with the Google Coral Edge 
TPU significantly enhances computational speeds 
and model execution, providing real-time 
performance improvements critical for image 
processing tasks. For the design and development 
of the graphical user interface (GUI) and Unix-
based scripting environment, Perl and Ruby were 
primarily employed, developed within Visual 
Studio Code and Visual Studio 2019 environments. 
Additionally, a Windows Core GUI was integrated, 
allowing users to perform operations through a 
familiar User Interface on Windows systems.  

Core features were developed in the Python 
environment, ensuring extensibility, dynamic 
package installation, and future firmware updates. 
To provide a better understanding concerning the 
matters of perspectives Figures 1, 2 provide 
visualizations on the retrospectives. 

Key Customizations in the Hybrid OS 

A. Overclocking 

Overclocking was implemented to enhance 
CPU and GPU performance beyond factory 
specifications. Specifically, the 
/sys/devices/system/cpu/cpu0/cpufreq/scaling_cur
_freq directory was modified to maximize 
Core_freq and GPU_freq values. This 
optimization is critical for the system, as computer 
vision applications heavily rely on graphics 
memory protocols and frame buffer generation for 
real-time image convolution and analysis. 

B. Custom Threading Mechanism 

Threading adjustments were introduced to 
optimize memory management and task 
scheduling. Given the high graphical memory 
consumption of image processing tasks, custom 
threading ensures efficient capture, buffering, and 
resource allocation, with modifications reflected in 
the 
/lib/firmware/raspberrypi/bootloader/bootconf.txt 
configuration. 
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C. Custom SSID Configuration 

To support reliable remote connectivity, a 
dedicated SSID was configured with a custom 
subnet mask via the raspi-config tool in Super 
User mode. This allows the device to distinguish 
its network presence effectively, ensuring stable 
connections in environments with multiple 
network nodes. 

D. Static IP Assignment 

Static IP configuration was essential to 
guarantee consistent network access, particularly 
for remote monitoring and Virtual Private 
Network (VPN) connectivity. Static IP settings 
were manually configured via raspi-config, 
preventing IP address shifts and ensuring 
persistent remote session availability. 

E. Codec Optimization 

To enhance real-time frame rates and reduce 
processing latency during object detection and 
bounding box generation, codec performance was 
improved by modifying parameters within 
config.txt. This ensured minimal execution delays 
and maximized detection accuracy. 

F. Custom Framework Integrations 

Frameworks were selectively adapted and 
optimized to support various AI models and image 
processing tasks. Alterations within the config.txt 
enabled flexible integration and runtime switching 
between frameworks based on the application 
needs and image dataset characteristics. 

G. Custom Shell Scripts 

To resolve compatibility issues between various 
software packages, custom Unix shell scripts were 
developed. These scripts handle file operations, 
environment setup, and kernel-level interactions, 
ensuring consistent execution and memory 
mapping within the Python distribution via 
command-line protocols. 

H. Data Storage Enhancements 

Since the Raspberry Pi operates through an SD 
card-based storage system, efforts were made to 
minimize risks associated with flash memory 
vulnerabilities (such as voltage fluctuations and 
data corruption). The bootloader configuration, 
particularly bootcode. Bin under 

/lib/firmware/raspberrypi/bootloader/, was 
modified to support FAT32 file systems optimized 
for recovery and multi-peripheral compatibility. 

I. SSH-triggered PoE Hat Management 

To support high-performance roaming and 
remote operation, a separate Power-over-Ethernet 
(PoE) management script was triggered via SSH 
protocols. Thermal optimization strategies were 
also incorporated by regulating voltage during 
intensive GPU operations, mitigating overheating 
risks during image processing tasks. 

This Custom Hybrid Raspbian Buster OS thus 
offers an optimized, flexible, and robust platform 
tailored specifically for high-performance 
computer vision and image processing tasks on the 
Raspberry Pi ecosystem. 

 
Figure 1.  An overview of the Computer Vision system (1)  

 

Figure 2.  An overview of the Computer Vision system (2)  

V. RESULTS AND FINDINGS 

The design and development of the Custom 
Hybrid Raspbian Buster Operating System (OS) 
were systematically segmented and tested across 
various operational domains to verify the 
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successful integration of the customized features. 
The prototype system was subjected to a series of 
experimental validations to assess whether the 
designed features and modifications met the 
functional requirements intended for advanced 
computer vision image processing applications. 
Primarily, the system was evaluated for its 
performance in video rendering and image 
processing tasks, as these represent the most 
computationally intensive and memory-demanding 
operations relevant to the system's application 
context.  

The testing was conducted throughout the 
authors' Final Year Project and Capstone Thesis, 
allowing extensive real-world validation. The final 
system layout and architecture, inclusive of 
hardware modifications, system utilities, and 
developed features, are illustrated in the provided 
figures and schematics.  

The prototype incorporates dependency 
management and custom configuration scripts 
developed during the design phase. Furthermore, 
in addition to native Raspbian Buster distribution 
customization, critical utilities from the Kali Linux 
distribution environment and VMware-based 
virtual distributions were integrated to enhance 
system robustness and flexibility. 

Field of View (FOV) and Resolution 
Optimization 

In the context of real-time video streaming, 
similar to first-person shooter (FPS) video games 
where Field of View (FOV) determines the 
observable area, the developed system required an 
optimized resolution and frame buffering strategy 
to maximize the visible scene during image 
acquisition.  

Wider FOV and increased rendering resolutions 
were achieved through GPU pixel optimization 
and geometric scaling, providing richer image 
histograms for computational tasks such as object 
detection and classification. The camera modules, 
including both the dedicated Raspberry Pi camera 
and optional onboard webcam integration, were 
managed via custom shell scripts, enabling flexible 
remote video feed escalation and multi-camera 
functionality. 

Pixel Binning for Accelerated Image 
Processing 

To enhance the efficiency of image processing, 
pixel binning techniques were deployed. Pixel 
binning, the process of combining multiple 
adjacent pixels into a single pixel value, 
significantly reduced the computational load by 
decreasing the overall pixel count without severely 
compromising image integrity.  

For instance, a 2×2 binning scheme 
consolidates four neighboring pixels into one, 
which reduces processing time and accelerates the 
frame detection pipeline. 

This optimization was particularly beneficial 
when training and testing on standard hardware, 
where computational and memory resources are 
limited. Custom shell scripts were developed to 
automate pixel binning during frame capture and 
detection, ensuring faster execution and improved 
system responsiveness. 

System Performance 

The hybrid OS demonstrated robust and 
efficient handling of tasks such as: 

 Real-time Video Rendering: Smooth 
frame rates with minimal buffering delays, 
even under multi-threaded image 
acquisition. 

 Image Processing and Frame Detection: 
Enhanced throughput due to optimized 
binning and memory management. 

 Custom Networking: Reliable wireless 
and wired connections through customized 
static IP and SSID configurations for 
remote operation. 

 Resource Management: Efficient 
graphical memory utilization with 
overclocked GPU and CPU parameters, 
ensuring stable operation during heavy 
graphical loads. 

 Thermal Management: Effective thermal 
regulation using SSH-triggered PoE HAT 
extensions to mitigate overheating risks 
during intensive computing tasks. 

These findings affirm that the proposed system 
modifications provided significant improvements 
in computational performance, system 
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responsiveness, remote accessibility, and overall 
operational stability, positioning the prototype as a 
viable platform for advanced computer vision 
applications using Raspberry Pi hardware. To give 

an idea and provide much better understandings 
Figures 3-6 along with Table 1 which offers 
visualizations concerning the matter of 
perspectives.  

 

Figure 3.  The approaches towards a Hybrid Raspbian Buster OS and its capabilities in terms of Executions  

 

Figure 4.  An illustration of FOV in terms of GPU in Game Mods  
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Figure 5.  An illustration of the layout in gaming mods  

 

Figure 6.  An overview of the Enhancements with the available RPi and integrated Edge TPU 
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TABLE IV. A COMPARISON BETWEEN THE STANDARD RASPBIAN OS AND THE HYBRID OS 

Basis of Features Raspbian Hybrid Raspbian Buster 

Processing Power (CPU) (base core) 1.5GHz (overclocked) 2.147GHz 

Processing Power (GPU) (arm_freq) 500MHz (arm_freq) 750MHz 

Supply Voltage 4.8V USB (4.2V) (GPIO) 5V 

Schedule Manager Cache memory Cache plus multi-threading 

Bootloader Flash Drive (FAT16) FAT32 (recovery.bin and EEPROM) 

Portability PoE provided PoE enabled with SSH 

Remote Access Single hosts with individual control Multiple hosts with multiple control 

Frame Rates Avg. 15-20 Avg. 30-60 (FHD supported) 

FPS 180 (OpenGL 122) 188 (OpenGL 138) 

Efficiency (multitasking) Avg. 3-5 Avg. 7-10 

 

VI. DISCUSSIONS AND FUTURE DIRECTIONS 

A. System Architecture and Performance 

Enhancements 

The development of a custom operating system 
(OS) for the Raspberry Pi prototype involved a 
thorough evaluation of existing distributions to 
identify and integrate the most suitable features. 
The author adopted a novel and unconventional 
design methodology that combined direct code 
modifications, distribution patching, and 
customized system configurations to formulate a 
purpose-built, performance-optimized OS.  

A key innovation lies in the system's hybrid 
architecture, enabling it to operate at an artificial 
level of dynamic integrity. This self-adaptive 
behavior, driven by integrated sensory inputs and 
task profiling, allows the OS to autonomously 
optimize its operations across varying 
computational loads.  

This adaptability is crucial for resource-
constrained environments such as the Raspberry Pi, 
where tasks including real-time video rendering, 
data acquisition, task scheduling, and image 

processing require careful resource management. 
The system's performance optimizations can be 
summarized across several critical strategic areas: 

 Overclocking Enhancements: Through 
careful modification of system 
configuration files (e.g., 
/sys/devices/system/cpu/cpu0/cpufreq/scali
ng_cur_freq), the core CPU and GPU 
frequencies were increased to handle 
computationally intensive vision and 
graphical tasks. This resulted in improved 
frame buffering, faster image convolution, 
and enhanced overall accuracy in real-time 
computer vision applications. 

 Custom Threading Mechanism: A 
bespoke threading model, implemented via 
modifications to 
/lib/firmware/raspberrypi/bootloader/boot
conf.txt, optimized memory management 
and task scheduling. This ensured stability 
and responsiveness under high 
computational loads, maintaining system 
integrity during concurrent background 
operations. 
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 Network Configuration Optimization: 
Custom SSID and Static IP configurations, 
managed through raspi-config, were 
deployed to guarantee stable remote access 
and optimized bandwidth distribution. This 
was particularly significant for scenarios 
involving remote monitoring, data 
streaming, and cloud integration. 

 Codec and Multimedia Enhancements: 
Modifications to config.txt improved 
multimedia processing pipelines, reducing 
execution latency, enhancing frame rates, 
and optimizing image quality — critical for 
AI-driven object detection and 
classification models. 

 Framework Compatibility Integration: 
Configuration adjustments enabled support 
for diverse AI frameworks, facilitating 
seamless deployment of machine learning 
models without significant system 
overheads. 

 Shell Script and Kernel Path 
Customization: Custom scripting for 
Python environment management and 
kernel execution paths allowed for flexible 
and conflict-free software execution, 
improving system versatility and 
minimizing runtime errors. 

 Data Storage and Bootloader 
Optimization: Operating on a FAT32 
filesystem with customized bootloader 
settings (bootcode.bin), the system 
achieved robust memory usage, enhanced 
data recovery capability, and stable 
peripheral communications. 

 SSH and PoE-Based Remote 
Management: SSH integration with 
customized Power-over-Ethernet (PoE) 
modules improved remote accessibility and 
dynamic voltage regulation, successfully 
mitigating thermal throttling risks during 
intensive computational periods. 

Collectively, these strategies enabled the 
custom OS to surpass conventional distribution 
performance benchmarks, delivering enhanced 
computational efficiency, stability, and scalability 
suited for AI and graphical workloads. 

B. Implications and Future Research Directions 

The results underscore the transformative 
potential of targeted OS customizations in 
elevating Raspberry Pi performance for AI-driven, 
real-time computing applications. This exploration 
highlights how low-level system adjustments—
spanning hardware optimization, networking, 
multimedia handling, and dynamic resource 
management—can significantly enhance 
embedded systems' computational effectiveness. 
Moving forward, several promising research 
directions emerge: 

 Kernel-Level Optimization: Deeper 
modifications at the kernel level, including 
custom scheduler development and device 
driver enhancements, could further 
minimize latency and maximize system 
responsiveness under variable workload 
demands. 

 Real-Time Operating System (RTOS) 
Features: Future iterations could integrate 
real-time capabilities, allowing 
deterministic execution timing critical for 
applications such as autonomous robotics, 
real-time surveillance, and edge AI 
deployments. 

 Machine Learning-Based Resource 
Allocation: Implementing machine 
learning models for adaptive resource 
allocation could enable the system to 
dynamically adjust CPU/GPU frequencies, 
memory allocation, and task prioritization 
based on real-time performance profiling. 

 Security and Resilience Enhancements: 
Given the growing relevance of IoT and 
edge deployments, enhancing system 
security protocols and developing fail-safe 
mechanisms could fortify the OS against 
cyber threats and operational anomalies. 

 Scalability to Industrial and Research 
Applications: By extending the system's 
modularity and hardware compatibility, the 
platform could be adapted for broader 
industrial use cases such as smart 
manufacturing, environmental monitoring, 
and healthcare automation. 

This investigation illustrates the critical role 
that domain-specific operating system design plays 
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in advancing the capabilities of embedded 
computing platforms. The findings contribute 
valuable insights for developers, researchers, and 
engineers aiming to build high-performance, 
specialized systems tailored to emerging 
computational challenges. 

VII. CONCLUSIONS 

The development of a custom operating system 
(OS) for the Raspberry Pi, as presented in this 
study, demonstrates the significant potential of 
targeted system integration, hardware optimization, 
and software customization for achieving high-
performance computing in resource-constrained 
environments. Through extensive iterative testing, 
system patching, and configuration enhancements, 
the proposed OS has been successfully tailored to 
support a broad range of computationally intensive 
tasks, including computer vision, real-time data 
acquisition, and advanced image processing. A 
core contribution of this research is the 
introduction of a hybrid OS design methodology, 
integrating and patching components from 
multiple distributions to optimize system 
performance. Critical performance 
enhancements—including overclocking, custom 
threading mechanisms, multimedia codec 
improvements, and memory optimization—have 
been effectively implemented to reduce execution 
latency, enhance computational throughput, and 
maintain system stability during high-load 
operations. Furthermore, custom network 
configurations, encompassing SSID management 
and static IP allocations, have provided a stable 
and secure foundation for remote access and 
seamless cloud integration. The successful 
integration of external accelerators such as the 
Google Coral Edge TPU has markedly boosted AI 
and deep learning performance, validating the 
scalability and adaptability of the proposed 
platform. The fusion of a Windows Core GUI 
interface with UNIX-based scripting capabilities 
further broadens the operational versatility of the 
system, making it suitable for a wider array of 
user-centric and industrial applications.  

Moreover, the adoption of customized shell 
scripts, storage management protocols, and SSH-
triggered Power-over-Ethernet (PoE) 
enhancements has improved system resilience, 

power management, and thermal efficiency, 
ensuring robust operation even during extended 
runtime periods. 

The research findings affirm the feasibility and 
benefits of designing highly customized, 
performance-optimized operating systems tailored 
for embedded and edge computing devices. The 
modularity and adaptability of the developed OS 
offer a strong foundation for future enhancements, 
enabling rapid integration of emerging AI 
frameworks, expanded hardware support, and 
task-specific performance tuning. 

Future work will aim to extend this platform’s 
compatibility across a wider range of edge 
computing devices, implement advanced security 
protocols to safeguard against cyber threats, and 
incorporate machine learning-driven automation 
mechanisms for dynamic resource management. 
Furthermore, targeted applications in robotics, the 
Internet of Things (IoT), autonomous systems, and 
industrial automation will be explored to validate 
the system’s broader applicability in real-world 
scenarios. 

This research exploration contributes valuable 
insights into the design of domain-specific 
operating systems and underscores the strategic 
importance of holistic system optimization for 
next-generation embedded computing solutions. 
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