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Abstract : The paper presents a comprehensive study of the Raspberry Pi 5 as a high-performance, cost-effective platform for loT and
edge Al. With significant hardware upgrades including a Cortex-A76 quad-core processor, LPDDR4X memory, dual 4K HDMI, PCle
interface, and improved GPU, Raspberry Pi 5 is evaluated in the context of real-world applications ranging from smart agriculture and
security systems to Al-based detection and industrial automation. Fourteen peer-reviewed references, including Scopus-indexed and
arXiv papers, validate its efficacy across multiple domains.
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. INTRODUCTION

Recent studies emphasize the role of Raspberry Pi in edge Al and loT systems. Boddu et al. [1] demonstrated the deploy- ment of
YOLOvV4-Tiny on Raspberry Pi 5 for real-time object detection. Joice et al. [2] analyzed the Pi’s role in precision agriculture. Koroliuk
et al. [3] used Raspberry Pi 5 in bee colony monitoring. Lee et al. [4] implemented it in landslide early warning systems. Margapuri et
al. [5] created PiBase for home security. Murshed et al. [6] automated railway crossings. Endres et al. [7] reviewed its applications in
food safety. Bhat et al. [8] built blockchain-based attendance systems. Dey et al. [9] integrated Pi in door security. Studylib [10]
showcased factory automation. Sahay et al. [11] developed a surveillance robot. DigitalMonk [12] highlighted Pi 5°s Al power. Reddit
contributors [13][14] used it in cellular 10T and backend hosting. Sharma et al. [15] proposed a smart meter system. Li et al. [16]
presented a Pi-based home automation system. Roy et al. [17] built an Al waste classification project. Kumar et al. [18] designed a
healthcare monitoring platform. Singh et al. [19] analyzed the performance of Pi in image processing. Wang et al. [20] applied Raspberry
Pi in energy-efficient 10T setups. Atharva Joshi et al. [21] discussed the implementation of Atmel328P microcontroller in blood alcohol
content (BAC)
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detection and referred to structured documentation practices relevant to embedded system development.

Raspberry Pi 5, launched in 2023, is the most powerful single-board computer in the Raspberry Pi family. It brings substantial
performance improvements over Raspberry Pi 4, including a 2.4GHz quad-core ARM Cortex-A76 CPU, 4GB/8GB LPDDR4X RAM,
and a dedicated RP1 1/O con- troller. These enhancements make it ideal for real-time data processing in Internet of Things (loT)
applications and on- device edge Al inference. The integration of multiple communication protocols such as Wi-Fi, Bluetooth 5.0,
GPIO, and PCle support enables diverse use cases.

I1. Methodology / Literature Review

Boddu et al. [1] successfully implemented YOLOvV4-Tiny on Raspberry Pi 5, achieving real-time inference with low latency, proving
its edge-Al capability.

Joice et al. [2] explored how Raspberry Pi serves as a low- cost yet effective controller in precision agriculture systems, handling
irrigation, soil sensing, and environmental parameters.

Koroliuk et al. [3] proposed a bee colony monitoring system using MQTT protocol, where Pi collects and stores sensor data for further
analysis.

Lee et al. [4] introduced an loT-based landslide monitoring system, using Raspberry Pi to process geotechnical sensor readings in real-
time.

Margapuri et al. [5] presented PiBase, an 10T home security solution using face detection algorithms and Firebase-based alerts.
Murshed et al. [6] automated level crossings using computer vision with Pi, integrating cameras and sensors for train detection.
Endres et al. [7] reviewed the role of Raspberry Pi in food safety, emphasizing real-time monitoring of critical variables like temperature
and humidity in food production.
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Bhat et al. [8] integrated Hyperledger Fabric blockchain on Raspberry Pi to secure attendance records, demonstrating decentralized
identity management.

Dey et al. [9] discussed an loT-based security system using Raspberry Pi for facial recognition at entry points.

Studylib [10] outlined an industrial automation project using Raspberry Pi to monitor temperature and machinery status with an
embedded web server.

Sahay et al. [11] built a mobile robot integrated with a Pi vision system for surveillance and object detection in dynamic environments.
DigitalMonk [12] showcased Raspberry Pi 5°s capabilities in running TensorFlow Lite and OpenCV for Al-based vision applications.

Reddit users [13] used a Notecard module with Raspberry Pi 5 to create LTE-based remote 10T deployment systems.

Reddit community [14] reported Raspberry Pi 5 as a reliable host for backend web servers, capable of 24/7 operation using SSD storage.
Sharma et al. [15] presented a Raspberry Pi-powered smart meter system enabling real-time energy consumption analysis and remote
control via loT protocols.

Li et al. [16] developed a comprehensive home automation platform using Raspberry Pi, integrating voice commands, motion sensors,
and cloud synchronization.

Roy et al. [17] demonstrated an Al-based waste classification system using Raspberry Pi and image recognition for automated garbage
sorting.

Kumar et al. [18] proposed a healthcare 10T system where Pi interfaces with biometric sensors for real-time patient monitoring and
alerting.

Singh et al. [19] assessed Raspberry Pi’s performance in handling edge-based image processing for surveillance and quality inspection.
Wang et al. [20] implemented an energy-efficient sensor network using Raspberry Pi in smart grid applications with real-time analytics.
Atharva Joshi et al. [21] explored the usage of Atmel328P in non-invasive blood alcohol content estimation systems and emphasized
structured hardware-software documentation techniques which can also be adapted for Raspberry Pi 5 projects in regulatory domains.

A. Hardware and Software Architecture

Processor: Quad-core ARM Cortex-A76 @ 2.4GHz, offering significant improvements in processing power over its predecessor,
making it suitable for multitasking and real-time processing.

GPU: Broadcom VideoCore VII graphics processor with Vulkan 1.2 support, enabling high-performance graphics rendering, 3D
visualization, and compatibility with mod- ern GPU-accelerated applications.

Memory: Available in 4GB and 8GB LPDDR4X RAM variants operating at 4267MHz, providing high-speed memory access for smooth
performance during Al model inference and multitasking scenarios.

Storage: Supports microSD cards with UHS-I speeds for primary storage, and offers a single-lane PCle 2.0

interface (via FFC) for connecting high-speed NVMe SSDs using adapters.

I/0 Interfaces: Includes two USB 3.0 ports, two USB 2.0 ports, a full-size Gigabit Ethernet port, dual micro-HDMI outputs supporting
4K resolution at 60Hz, a 40-pin GPIO header for hardware interfacing, and CSI/DSI ports for camera and display.

Connectivity: Dual-band 2.4GHz and 5GHz Wi-Fi 802.11ac and Bluetooth 5.0 BLE for robust wireless communication and peripheral
device pairing.

Power Supply: Operates with a 5VV/5A USB-C power adapter, equipped with onboard power management IC for thermal efficiency and
safe power distribution.

Operating System Support: Compatible with Raspberry Pi OS (Debian-based), Ubuntu, Emteria.OS (Android- based), LibreELEC (for
media applications), and other Linux distributions optimized for ARM architecture.

Peripheral Expansion: Supports official 7” touchscreen displays, camera modules (V2 and HQ), and can connect external peripherals
like USB accelerometers, thermal cameras, external SSDs, and even Al accelerators via PCle (e.g., Google Coral).

Software Ecosystem for Raspberry Pi 5

Raspberry Pi 5 supports a diverse set of software environments and tools that enable development across domains such as 10T, Al,
robotics, and embedded systems: Operating Systems:

Raspberry Pi OS (Debian-based, formerly Raspbian): The official OS offering GUI and CLI tools.

Ubuntu Server/Desktop: For more enterprise-level applications.

LibreELEC: Lightweight OS for media center use. Emteria.OS: Android-based platform for embedded applications.

Programming Languages:

Python: Widely used for GPIO programming, machine learning, and IoT.

C/C++: For real-time, low-level control and performance optimization.

Node.js and JavaScript: Often used in web-connected 10T dashboards.

Java: Utilized for enterprise-grade or cross-platform solutions.

Development Tools:

Thonny IDE: Lightweight Python IDE pre-installed in Raspberry Pi OS.

Visual Studio Code: Popular cross-platform IDE with extensions for remote SSH into Pi.

Geany, IDLE: Additional lightweight editors. 10T and Cloud Integration Frameworks:

MQTT (Mosquitto Broker): Lightweight messaging protocol used in loT.

Node-RED: Flow-based development tool for wiring together hardware devices and APIs.

Blynk and ThingsBoard: Cloud dashboards for real-time sensor visualization.

AWS 10T, Azure loT Hub: Secure cloud services for data storage and device management.

Al and Machine Learning Libraries:

TensorFlow Lite: Optimized for edge Al inference. OpenCV: Real-time computer vision.

PyTorch, ONNX Runtime: Alternative ML platforms with edge support.

Version Control and Deployment:

Git: For version control.

Docker: Lightweight containerized app deployment on ARM architecture.

Ansible, SSH rsync: For remote configuration and up- dates.
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This wide array of software support makes Raspberry Pi 5 an extremely flexible tool for academic, industrial, and prototyping
environments.

B. Applications

Raspberry Pi 5 can be utilized across multiple real-world domains:

Smart Agriculture: Automates irrigation, monitors soil moisture and weather data, and controls greenhouse environments using sensors
and actuators integrated with Raspberry Pi.

Edge Al and Computer Vision: Enables real-time image processing and object detection for surveillance, access control, autonomous
vehicles, and smart retail through frameworks like OpenCV and TensorFlow Lite.

Home Automation: Controls lighting, temperature, and security cameras via a centralized Pi-based system that connects with mobile
apps and cloud platforms for remote access.

Industrial Automation: Monitors machinery, temperature, and vibration data to predict equipment failures and improve productivity
using Pi as a central control unit. Healthcare Monitoring: Facilitates development of low- cost wearable devices or home-based patient
monitoring systems that track vital parameters and alert caregivers via cloud sync.

Blockchain and Cybersecurity: Implements secure identity and data validation systems using lightweight blockchain frameworks,
particularly useful for academic records, voting systems, and secure transactions.

Educational Tools: Widely adopted for teaching program- ming, electronics, and robotics due to its affordability, accessibility, and
strong developer community.

Backend Hosting and 10T Cloud Gateway: Can act as a backend server for lightweight applications and bridge data from field sensors
to cloud platforms like AWS 10T, Azure, or Firebase.

Comparative Analysis of Raspberry Pi Generations

The evolution of Raspberry Pi from version 1 to version 5 has brought significant improvements across multiple dimensions including
processing power, memory band- width, multimedia capabilities, and peripheral support. Raspberry Pi 1 (2012) was powered by a 700
MHz ARM11 processor and had 256-512 MB of RAM. It supported only a single-core architecture and lacked hard- ware support for
USB 3.0, gigabit Ethernet, and modern display interfaces.

Raspberry Pi 2 (2015) introduced a quad-core ARM Cortex-A7 processor and 1 GB RAM, allowing light multitasking. However, it still
lacked high-speed interfaces and advanced GPU performance.

Raspberry Pi 3 (2016) improved significantly with a 1.2 GHz quad-core Cortex-A53 CPU and included built-in Wi-Fi and Bluetooth
4.1. However, its USB and Ethernet interfaces were limited by a shared USB 2.0 bus.

Raspberry Pi 4 (2019) made a major leap with a Cortex- A72 CPU, USB 3.0, dual 4K HDMI, and memory options up to 8 GB LPDDRA4.
The introduction of true gigabit Ethernet and separate USB lanes marked it as the first Pi suitable for desktop-level workloads.
Raspberry Pi 5 (2023) introduces a 2.4 GHz Cortex-A76 quad-core CPU, up to 8 GB LPDDR4X RAM at 4267 MHz, PCle 2.0 x1
interface, and dual 4Kp60 HDMI support. It also debuts a dedicated RP1 1/O controller, enabling full-speed USB 3.0 and independent
Ethernet and PCle buses. This unlocks advanced use cases like SSD storage via PCle, multi-camera setups via dual 4- lane CSI
interfaces, and full-fledged edge computing tasks with TensorFlow Lite or OpenCV.

Overall, Raspberry Pi 5 represents a quantum leap in architecture and performance, enabling professional-grade applications in
embedded Al and industrial 1oT domains, which were previously infeasible on earlier models.

C. Limitations and Challenges

Despite its advanced capabilities, the Raspberry Pi 5 is not without limitations and operational challenges: Thermal Management:
Raspberry Pi 5’s powerful Broad- com Cortex-A76 CPU generates significant heat under sustained workloads. Without proper cooling
mechanisms like heatsinks or fans, thermal throttling may occur, impacting performance.

Power Requirements: The 5V/5A USB-C power input requires a high-quality power adapter. Using substandard power sources can lead
to undervoltage warnings or unexpected shutdowns.

PCle Lane Restriction: Although PCle 2.0 x1 support is a breakthrough, it offers only a single lane, which limits the bandwidth for
high-speed NVMe SSDs or other peripherals.

Software Ecosystem for PCle and Al Accelerators: The software support for PCle-based accessories and Al accelerators is still evolving.
Kernel module compatibility, driver availability, and community documentation are lagging compared to x86 platforms.

Lack of Built-In eMMC Storage: Raspberry Pi 5 still relies on microSD cards for primary booting. While PCle- based SSD booting is
possible, it requires technical setup and may not be ideal for beginners.

GPI0 Voltage Incompatibility: The 3.3V GPIO logic level may not be directly compatible with 5V sensors and modules, necessitating
voltage level shifters.

Real-Time Performance: Despite improvements, Raspberry Pi is still not a hard real-time system. Applications requiring deterministic
timing behavior may face latency- related challenges.

Limited Al Hardware Acceleration: The onboard GPU does not include a dedicated NPU (Neural Processing Unit), so Al inferencing
is CPU-bound unless paired with external accelerators.

These limitations suggest that while Raspberry Pi 5 is a powerful prototyping tool and can serve real applications, careful hardware
planning and software optimization are necessary for production-grade deployments.
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Fig. 1. Figure of specifications of Raspberry Pi 5

Fig. 1 illustrates the Raspberry Pi 5 board with labeled hardware components. Key components include:
Faster CPU and Dedicated Graphics Chip: A Broadcom BCM2712 quad-core Cortex-A76 processor, improving performance
significantly over previous models.

P1 1/O Chip: Dedicated 1/0 controller managing periperal communication.

Fan Connector: Allows optional cooling fan connection for thermal management.

Faster USB: Dual USB 3.0 ports enabling high-speed data transfer.

Gigabit Ethernet: Supports high-speed network connectivity.

Dual Micro-HDMI Ports: Each capable of driving 4Kp60 video output.

Camera/Display Transceivers (2 x 4 lane): For CSI and DSI camera/display modules.

USB-C Power Supply: Accepts 5V/5A for stable power delivery.

Power Button: New addition for hardware-level power control.

PCle 2.0 x1 Interface: For NVMe SSDs or expansion cards.

HAT and GPIO Interface: 40-pin header for sensors, HATS, and custom interfaces.

Fig. 2. Figure of of Raspberry Pi 5

Fig. 2 shows a high-resolution top-down view of the Raspberry Pi 5. This view reveals:

Broadcom BCM2712 SoC: The main processor with LPDDR4X RAM visible above it.

Memory Chip: LPDDR4X SDRAM (4GB or 8GB de- pending on model) clocked at 4267MHz.

RP1 1/0 Controller: Controls USB, Ethernet, GPIO, and camera/display functions.

PCle Slot (FPC): For connecting SSDs or other PCle accessories.

USB 3.0 Ports (Blue): Two ports supporting high-speed devices.

Ethernet Port: Gigabit-speed with PoE support via HAT. GPIO Header: 40-pin general-purpose header for expansion and sensor
integration.

CSI/DSI Connectors: For connecting Raspberry Pi cam- eras or touch displays.

UART/HDMI/Power Interfaces: Clearly shown at the bottom for power input and dual display output.

I11. Conclusion

Raspberry Pi 5 emerges as a powerful and scalable edge computing platform, particularly suitable for real- time and resource-constrained
applications. Its combination of a high-performance CPU, upgraded GPU, PCle- based storage expansion, and multi-protocol
connectivity supports the increasing demands of modern IoT and Al projects. The reviewed studies show that it excels

in diverse applications such as agriculture automation, surveillance, healthcare, education, and industrial control. Furthermore, its
compatibility with various open-source tools and cloud services enhances its value for developers and researchers. As edge Al and 10T
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ecosystems evolve, Raspberry Pi 5 stands ready to meet both academic and industrial demands for cost-effective, flexible, and robust
embedded solutions.
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