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ABSTRACT 

The rise of open-source hardware and RISC-V architecture has opened new 

possibilities for industrial controllers, offering customizable, cost-effective, and 

high-performance alternatives to proprietary solutions. RISC-V, a free and 

open instruction set architecture (ISA), provides flexibility for industrial 

applications, enabling fine-tuning for real-time control, energy efficiency, and 

embedded systems. This paper explores the adoption of RISC-V and open-

source hardware in industrial controllers, examining the advantages, 

implementation challenges, ecosystem support, and case studies. Additionally, 

it compares RISC-V with traditional microcontroller architectures such as ARM 

and x86. The paper concludes that RISC-V combined with open-source 

hardware can significantly enhance innovation in industrial automation while 

reducing costs and vendor lock-in. 
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INTRODUCTION 

Industrial controllers, including programmable logic controllers (PLCs), distributed control 

systems (DCS), and embedded control units, are critical components in modern manufacturing, 

robotics, and process automation. Traditionally, these controllers rely on proprietary 

microcontrollers and system-on-chip (SoC) designs from vendors like ARM, Intel, or 

Microchip. While reliable, these solutions often involve licensing fees, limited customization 

options, and dependence on a single vendor ecosystem. 



  
 

 

91 Page 90-102 © MANTECH PUBLICATIONS 2025. All Rights Reserved 

 

International Journal of Embedded Electrical Systems and Automation    

Volume 1, Issue 2, July-December 2025 

 

 

 

The emergence of RISC-V, an open-source instruction set architecture (ISA), provides a 

significant opportunity to overcome these limitations. Unlike proprietary ISAs, RISC-V allows 

developers to design processors tailored to specific industrial needs, including real-time 

operation, low power consumption, and hardware accelerators for sensor processing or AI 

tasks. 

 

Open-source hardware platforms complement RISC-V by enabling transparency, 

collaboration, and cost-effective prototyping. Industrial automation, which increasingly 

demands adaptability and high reliability, stands to benefit from these developments. This 

paper reviews the current landscape of RISC-V and open-source hardware in industrial 

controllers, including advantages, challenges, and future potential. 

 

OVERVIEW OF RISC-V ARCHITECTURE 

The RISC-V architecture represents a significant shift in processor design philosophy, 

especially for embedded and industrial applications. Unlike traditional proprietary ISAs such 

as ARM or x86, RISC-V is open, modular, and highly customizable, making it particularly 

appealing for industrial controllers that demand reliability, cost-effectiveness, and long 

lifecycle support. This section elaborates on the history, development, core features, and 

advantages of RISC-V compared with proprietary architectures. 

 

1. History and Development 

RISC-V was initially developed at the University of California, Berkeley, in 2010 by a team 

led by Krste Asanović and David Patterson. The primary motivation was to create a clean-

slate, open-source instruction set architecture that could overcome limitations of existing 

proprietary architectures. 

 

Before RISC-V, most processors used proprietary ISAs, such as ARM or x86, which required 

expensive licensing agreements and restricted modifications. These restrictions limited 

innovation in embedded and industrial systems, especially for organizations that wanted to 

develop customized controllers for specific tasks. 

 

The Berkeley team focused on creating an ISA that was: 

 Simple: To reduce design complexity and verification time. 
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 Modular: Allowing optional extensions to support specialized workloads. 

 Extensible: Supporting long-term innovation without being constrained by licensing. 

 

RISC-V’s open nature meant that universities, research institutions, and startups could freely 

implement and modify the ISA without worrying about royalties or intellectual property 

conflicts. Over the past decade, RISC-V has evolved from a research project to a mature 

industrial standard, supported by an international community (RISC-V International) that 

oversees standardization and promotes adoption. 

 

2. Core Features 

RISC-V’s design emphasizes flexibility and modularity, which are particularly valuable for 

industrial controllers, embedded systems, and IoT devices. The core features include: 

a) Open-Source ISA 

 The RISC-V instruction set is freely available for academic, research, and commercial 

use. 

 Developers can implement the ISA on custom chips without paying licensing fees, 

reducing production costs. 

 Open access enables transparency in hardware design, which is critical for industrial 

controllers requiring safety and security certification. 

 

b) Modular Design 

 RISC-V consists of a base ISA and optional extensions. 

 The base ISA defines fundamental instructions for integer operations and control flow 

(e.g., RV32I for 32-bit, RV64I for 64-bit systems). 

 Optional extensions allow developers to add specialized functionality: 

 M (Integer Multiplication/Division) – Efficient for mathematical operations in 

control algorithms. 

 F/D (Single/Double Precision Floating Point) – Useful for robotics, signal processing, 

or AI workloads. 

 A (Atomic Instructions) – Ensures safe multi-threaded or multi-core operations in 

industrial automation. 

 Other extensions include C (Compressed Instructions) for code density and V  

(Vector Processing) for AI/ML acceleration. 
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c) Scalability 

 RISC-V supports 32-bit, 64-bit, and 128-bit implementations, enabling a wide range 

of applications: 

 32-bit cores for simple embedded controllers or PLCs. 

 64-bit cores for high-performance industrial controllers and edge AI devices. 

 128-bit cores (experimental) for future high-performance computation needs. 

 This scalability ensures that industrial systems can adopt RISC-V for both low-power 

edge devices and centralized controllers without changing the underlying ISA. 

 

d) Simplicity and Efficiency 

 RISC-V has a minimal instruction set, which simplifies verification, reduces design 

errors, and accelerates compilation. 

 Fewer instructions result in lower power consumption, which is crucial for battery-

operated industrial IoT devices. 

 The simplified design also allows faster context switching and deterministic 

execution, important for real-time control systems. 

 

e) Ecosystem Support 

 Though newer than ARM, RISC-V has a growing ecosystem of development tools: 

 GNU Toolchain, LLVM, Freedom Studio 

 Open-source operating systems such as FreeRTOS and Zephyr 

 FPGA and ASIC implementations for rapid prototyping 

 

3. Comparison with Proprietary Architectures 

RISC-V offers distinct advantages over traditional proprietary architectures (ARM, x86) in 

industrial contexts, as summarized below: 

 

Table: 1 

Feature RISC-V ARM Cortex-M x86 

License Open-source Proprietary Proprietary 

Customizability 
High – modular extensions, 

open design 

Low – limited to ARM-

approved cores 
Low – fixed ISA 
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Feature RISC-V ARM Cortex-M x86 

Power Efficiency 
High – minimal instruction 

set 
High Moderate 

Real-Time 

Capabilities 

Moderate to High – 

deterministic execution 

High – widely used in 

embedded RTOS 

Low – not optimized 

for real-time 

Ecosystem Support 
Growing – RISC-V 

International 

Extensive – ARM 

developer tools 

Extensive – PC/server 

focus 

Cost Low – no licensing fees 
Moderate – licensing 

required 

High – licensing & 

royalties 

Security 

Transparency 

High – full access to 

hardware design 
Low – black-box cores 

Low – closed 

architecture 

 

Analysis 

 Industrial controllers often require long-term availability, cost efficiency, and 

adaptability for specific applications. RISC-V’s open architecture addresses all these needs, 

while ARM and x86 solutions lock manufacturers into vendor dependencies and licensing 

fees. 

 Customization potential is particularly important in industrial automation, where 

controllers may need specialized instruction sets for high-speed sensor interfacing, safety-

critical tasks, or local AI processing. 

 While ARM has a mature ecosystem, RISC-V’s open-source nature allows smaller 

companies and startups to innovate without high upfront costs, which can accelerate 

adoption in industrial contexts. 

 

OPEN SOURCE HARDWARE IN INDUSTRIAL CONTROLLERS 

Open-source hardware (OSH) has emerged as a transformative approach in industrial 

automation, enabling flexible, cost-effective, and highly transparent controller designs. By 

combining RISC-V processors with open-source hardware platforms, industrial systems can 

achieve customization, longevity, and improved security—qualities essential for modern 

manufacturing, robotics, and IoT-driven operations. 

 

1. Definition and Scope 

Open-source hardware (OSH) refers to physical computing devices whose design  
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specifications are publicly available, including schematics, printed circuit board (PCB) 

layouts, firmware, and other design files. Anyone can study, modify, replicate, or distribute 

these designs under open-source licenses, similar to how open-source software operates. 

 

In the context of industrial controllers, OSH allows engineers and organizations to: 

 Build programmable logic controllers (PLCs), distributed control units, or edge devices 

from fully transparent hardware. 

 Integrate custom sensors, actuators, or communication modules without waiting for 

vendor support. 

 Conduct security audits and optimizations, reducing vulnerabilities in critical industrial 

systems. 

 

The scope of OSH in industrial automation extends across: 

 Embedded controllers: Small, dedicated devices controlling motors, valves, or sensors. 

 Programmable logic devices: Customizable platforms capable of executing logic 

programs for industrial operations. 

 Edge computing nodes: Devices performing local processing, analytics, or predictive 

maintenance using AI/ML. 

 

OSH complements the RISC-V architecture particularly well. RISC-V’s open ISA allows full 

control over the processor, while OSH platforms provide the surrounding hardware for 

implementation. This combination enables fully open industrial controllers that are flexible,  

Cost-efficient, and adaptable to evolving industrial needs. 

 

2. Advantages for Industrial Use 

The adoption of OSH in industrial controllers provides several key advantages: 

a) Cost Reduction 

 Open-source hardware eliminates licensing fees associated with proprietary ISAs and 

SoCs. 

 Companies can design custom controllers without paying high royalties to vendors, 

significantly reducing the cost per unit for large-scale production. 

 For startups and small-to-medium enterprises (SMEs), OSH provides access to 

industrial-grade hardware that was previously unaffordable. 
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b) Customizability 

 OSH enables modifications of the hardware design to meet specific industrial 

protocols, communication standards (e.g., Modbus, Profinet, EtherCAT), or sensor 

requirements. 

 Engineers can add specialized interfaces such as analog I/O, PWM outputs, or high-

speed digital signal acquisition without being limited by a vendor’s pre-built modules. 

 Controllers can also be tailored for AI or signal-processing accelerators, enhancing 

predictive maintenance and process optimization. 

 

c) Long-Term Support 

 Industrial controllers often operate for 10–20 years or more. Proprietary platforms may 

face obsolescence or vendor discontinuation. 

 OSH mitigates this risk because the design files are openly available, allowing internal 

teams or third-party developers to continue support, updates, and repairs long after the 

original manufacturer stops production. 

 

d) Security Transparency 

 Open access to design enables full inspection and auditing of hardware and firmware, 

which is critical in industrial environments prone to cyberattacks. 

 Potential vulnerabilities in communication interfaces or processing units can be 

identified and corrected in-house, reducing reliance on vendor security patches. 

 Transparent hardware also simplifies compliance with industrial security standards and 

regulations, such as IEC 62443. 

 

e) Rapid Innovation and Prototyping 

 OSH platforms allow rapid testing of new algorithms, control strategies, and sensor 

integrations without waiting for vendor hardware updates. 

 This accelerates proof-of-concept development in factories or robotics labs, 

shortening time-to-market for industrial solutions. 

 

3. Open Source Hardware Platforms Compatible with RISC-V 

Several open-source hardware platforms are well-suited for industrial controller applications, 

especially when combined with RISC-V cores.  
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These platforms range from small prototyping boards to fully industrial-grade development 

kits: 

a) SiFive Freedom E Series 

 Purpose-built for embedded applications, including industrial control and IoT devices. 

 Features RISC-V cores optimized for low-power and real-time operations. 

 Supported by Freedom Studio IDE and GNU toolchains for software development. 

 Examples include small PLC prototypes, motor controllers, and sensor hubs. 

 

b) Arduino with RISC-V Cores 

 Arduino boards with RISC-V cores (e.g., Arduino Cinque) provide an easy-to-use 

platform for prototyping and education. 

 Ideal for small-scale industrial experiments, proof-of-concept automation, and edge 

AI development. 

 Arduino’s ecosystem allows integration of numerous sensors, communication modules, 

and expansion shields. 

 

c) BeagleV Starlight 

 A single-board computer featuring a RISC-V SoC, open-source design, and Linux 

support. 

 Suitable for industrial controllers requiring higher computational power, including 

data logging, AI inference, and real-time monitoring. 

 Its open architecture allows modification of both hardware and firmware for custom 

industrial applications. 

 

d) Other Emerging Platforms 

 HiFive Unmatched: A development board for higher-performance RISC-V 

implementations. 

 Freedom E310 Arty FPGA Boards: Enables FPGA-based prototyping with RISC-V 

cores for customized industrial logic. 

 OpenCompute Boards: Provide industrial-grade hardware with fully open schematics 

for long-term deployments. 
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Figure 1: Open-source RISC-V hardware ecosystem for industrial controllers 

 

APPLICATIONS IN INDUSTRIAL CONTROLLERS 

1. Programmable Logic Controllers (PLCs) 

PLCs are crucial for process automation in manufacturing plants. Integrating RISC-V cores 

allows: 

 Custom instruction sets for sensor interfacing 

 Low-power operation for remote installations 

 Cost-effective scaling for small and medium enterprises 

 

2. Distributed Control Systems (DCS) 

DCS require multiple controllers with real-time synchronization. RISC-V provides: 

 Deterministic execution for control loops 

 Modular extensions for AI-based predictive maintenance 

 Open-source hardware integration to reduce procurement costs 
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3. Embedded Control in Robotics and IoT 

Industrial robots and IoT devices benefit from RISC-V’s modular design: 

 Efficient processing of sensor data 

 Support for AI inference at the edge 

 Open-source FPGA/SoC integration for flexibility 

 

Table 2: Industrial Applications of RISC-V Controllers 

Application RISC-V Advantage Example Use Case 

PLC Custom ISA, deterministic execution Automated assembly line 

DCS Modular, low-power, real-time Chemical process control 

Robotics/IoT AI acceleration, low-cost prototyping Industrial drones or AGVs 

Predictive Maintenance On-device machine learning Vibration monitoring in motors 

 

BENEFITS OF USING RISC-V IN INDUSTRIAL CONTROLLERS 

 Cost Efficiency – Elimination of licensing fees reduces overall hardware cost. 

 Flexibility – ISA extensions can be tailored for specific industrial protocols or safety 

requirements. 

 Long Lifecycle Support – Open designs mitigate obsolescence concerns common with 

proprietary hardware. 

 Community and Ecosystem Support – Growing number of vendors and community tools 

(GNU toolchain, Freedom Studio, etc.) 

 Security and Transparency – Open-source hardware allows vulnerability inspection and 

secure firmware updates. 

 

CHALLENGES AND CONSIDERATIONS 

Despite the advantages, RISC-V and open-source hardware adoption in industrial controllers 

face several challenges: 

 Ecosystem Maturity: Compared to ARM, RISC-V has fewer off-the-shelf industrial-grade 

solutions. 

 Software Support: Industrial software, real-time operating systems, and protocol stacks  
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may require porting. 

 Certification and Safety Compliance: Industrial controllers often require IEC 61508 or 

ISO 13849 certification, which may complicate open-source implementations. 

 Long-Term Reliability: Industrial environments demand robust hardware that can operate 

for decades. 

 

 

Figure 2: Key Challenges in RISC-V Adoption 

 

CASE STUDIES 

1. SiFive Freedom E310 in Automation 

SiFive Freedom E310, a RISC-V SoC, has been deployed in prototype industrial PLCs. It 

demonstrated deterministic real-time execution with lower power consumption than 

comparable ARM Cortex-M devices. 

2. BeagleV-Based Controller in Smart Factory 

A small-scale smart factory integrated BeagleV boards for monitoring and controlling 

conveyor belts and AGVs. The open-source hardware allowed rapid customization of sensor 

interfaces and local AI inference. 

3. RISC-V FPGA for Predictive Maintenance 

Industrial motors equipped with RISC-V-based FPGA boards were able to run vibration 

analysis algorithms locally, reducing latency and dependency on cloud services. 
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FUTURE PROSPECTS 

The future of RISC-V and open-source hardware in industrial controllers looks promising due 

to: 

 Increased Industry Adoption – Major companies are developing RISC-V cores for 

embedded and industrial applications. 

 AI at the Edge – RISC-V cores with vector and AI extensions can accelerate industrial 

analytics. 

 IoT and Edge Computing – RISC-V controllers can enable cost-effective edge devices 

for predictive maintenance and energy management. 

 Standardization Efforts – Organizations like RISC-V International are promoting 

industrial-grade standards for reliability, security, and interoperability. 

 

CONCLUSION 

RISC-V combined with open-source hardware presents a transformative opportunity for 

industrial controllers. The architecture’s flexibility, cost efficiency, and open nature allow 

manufacturers to design devices tailored for specific industrial needs, while reducing vendor 

dependency. Despite challenges in software support, certification, and ecosystem maturity, 

early adoption in PLCs, DCS, robotics, and predictive maintenance demonstrates its potential. 

As the RISC-V ecosystem matures and more industrial-grade solutions emerge, open-source 

hardware could become a cornerstone of modern industrial automation, driving innovation, 

cost savings, and long-term sustainability. 
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