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Abstract 
A new generation of intelligent, adaptable machines is emerging robotics 
crossbred with reconfigurable computing. Fast, flexible, high performance 
computing platforms are needed with the ever increasing prevalence of 
autonomous systems crossing nearly every industry. ReFrESH provides for a 
complete framework to support self-adaptation and simplifies the develop-
ment of robust and flexible robotic systems. Real world applications that 
exploit reconfigurable computing have been shown by several innovative ro-
botic platforms. The FPGA based systems have been found useful in solving 
complex robotics challenges and are shown in these case studies. Excessive 
performance may result in initiatives becoming rigid, unable to adapt effec-
tively to change. To address this issue, researchers have proposed self-adap-
tive systems as a new paradigm for designing software systems responsive 
to varying, unpredictable environments. With these capabilities, roboticists 
can design more robust, efficient and adaptable autonomous systems to the 
changing conditions.
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The Rise of Reconfigurable Computing 
in Robotics
Unlike traditional fixed-hardware solutions, 
reconfigurable platforms provide the flexibility to 
modify computational structures on-the-fly, allowing 
robots to adapt to changing environments and tasks. 
While the benefits are clear, several hurdles have 
historically limited the widespread adoption of 
reconfigurable computing in robotics. Although the 
problems outlined above present a challenge, recent 
development of open source tools and high level 
synthesis techniques are rendering reconfigurable 
computing more accessible for robotics developers 
(Table 1).

They use field programmable gate arrays (FPGAs) 
to provide the platform for a very larges class of 
reconfigurable computing systems in robotics. These 
are the versatile integrated circuits, these contains 
an array of programmable logic block that can be 
programmed to meet out custom digital circuit. 

Some high speed parallel processing capability• 
Low latency input/output interfaces. The hardware 
blocks of embedded memory and DSPting for 
Autonomous Systems and Robotics. The intersection 
of reconfigurable computing and robotics is ushering 
in a new era of intelligent, adaptable machines. As 
autonomous systems become increasingly prevalent 
across industries, the need for flexible, high-
performance computing platforms has never been 
greater. This article explores how reconfigurable 
computing architectures, particularly those utilizing 
field-programmable gate arrays (FPGAs), are 
revolutionizing the development of autonomous robots 
and self-adaptive systems.[1-6]

The Rise of Reconfigurable Computing  
in Robotics
Reconfigurable computing offers a paradigm shift in 
how we approach the design and implementation of 
robotic systems. Unlike traditional fixed-hardware 
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solutions, reconfigurable platforms provide the 
flexibility to modify computational structures on-the-
fly, allowing robots to adapt to changing environments 
and tasks. While the benefits are clear, several hurdles 
have historically limited the widespread adoption of 
reconfigurable computing in robotics. Despite these 
challenges, recent advancements in open-source 
tools and high-level synthesis techniques are making 
reconfigurable computing more accessible to robotics 
developers.

FPGAs: The Backbone of Reconfigurable 
Robotics
Field-programmable gate arrays (FPGAs) serve as the 
foundation for many reconfigurable computing systems 
in robotics (Figure 1). 

Open-Source Tools for FPGA-based 
Robotics
These tools will mature and become part of a new 
generation of roboticists developing the potential of 
reconfigurable computing without the shackles of a 
proprietary ecosystem.[7-14]

ReconROS: Bridging ROS and 
Reconfigurable Hardware.
The ReconROS framework is one of the most exciting 
recent developments in reconfigurable robotics. On this 
innovative platform, this widely used Robot Operating 
System (ROS) was combined with reconfigurable 
hardware to offer a smooth transition between software 
and FPGA based accelerators. Simplified development 
of hardware accelerated robotic applications• Reuse 

Table 1: Components for Autonomous Systems Using Reconfigurable Computing

Component Role in Systems

Sensor Integration Sensor integration allows autonomous systems to perceive their environment accurately, enabling 
informed decision-making and task execution.

Actuation 
Mechanisms

Actuation mechanisms convert processed commands into physical actions, driving the behavior of 
robots and autonomous devices.

Decision-Making 
Algorithms

Decision-making algorithms analyze sensor data and system goals to determine appropriate actions 
in dynamic environments.

Real-Time 
Processing

Real-time processing ensures immediate analysis of sensory data, enabling timely responses and 
decision-making for autonomous actions.

Control Systems Control systems regulate the behavior of robots or autonomous systems, ensuring proper coordina-
tion of sensors, actuators, and decision-making processes.

Communication 
Networks

Communication networks ensure that the various components of an autonomous system can ex-
change information in real-time, enabling distributed processing and coordination.

Fig. 1: The Rise of Reconfigurable Computing in Robotics
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of existing ROS 2 software components. Reuse of 
existing ROS 2 software components• Energy efficiency 
for compute intensive tasks, improved performance. 
The ability to reconfigure hardware at run times and 
Robotics. The intersection of reconfigurable computing 
and robotics is ushering in a new era of intelligent, 
adaptable machines. As autonomous systems become 
increasingly prevalent across industries, the need 
for flexible, high-performance computing platforms 
has never been greater. This article explores how 
reconfigurable computing architectures, particularly 
those utilizing field-programmable gate arrays (FPGAs), 
are revolutionizing the development of autonomous 
robots and self-adaptive systems (Table 2).

TerminatorBot: Versatile Search and 
Rescue Robot
The TerminatorBot is a can-sized robot that was 
designed to operate in challenging environments, in 
search-and-rescue type operations. Its unique features 
include. TerminatorBot reconfigurable computing 
platform enables the TerminatorBot to change its 
control strategies depending on the terrain and mission 
requirements, being effective in highly unpredictable 
disaster scenarios (Figure 2).

Dexterous Hexrotor: An Agile Aerial 
Manipulator
The Dexterous Hexrotor is a multirotor drone with 
the maneuverability of a multirotor drone, combined 

Fig. 2. TerminatorBot: Versatile Search and Rescue Robot

Table 2: Performance Enhancement Techniques for Reconfigurable Autonomous Systems

Technique Performance Benefit

Parallel Data 
Processing

Parallel data processing increases system efficiency by performing multiple calculations simultaneously, 
speeding up decision-making and action execution.

Fault-Tolerant 
Design

Fault-tolerant design ensures that the system continues to operate reliably even when certain compo-
nents fail, improving robustness in autonomous operations.

Adaptive 
Reconfiguration

Adaptive reconfiguration allows the system to modify its architecture based on workload demands, en-
suring optimal use of resources and improved performance.

Energy-
Efficient 
Algorithms

Energy-efficient algorithms reduce the power consumption of the system while maintaining high opera-
tional capabilities, ensuring long-lasting autonomous functionality.

Modular 
Hardware 
Architecture

Modular hardware architecture enables scalability and flexibility, allowing autonomous systems to be 
easily upgraded or reconfigured to meet new challenges.

Dynamic Task 
Allocation

Dynamic task allocation optimizes system performance by intelligently assigning tasks based on current 
resource availability, reducing bottlenecks and improving throughput.
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with the manipulation capability of a robotic arm. Its 
FPGA-based control system allows for. The Dexterous 
Hexrotor also takes advantage of reconfigurable 
computing to achieve a level of agility and flexibility 
that it would be difficult to deliver with fixed hardware. 
With the expanding field of reconfigurable computing, 
many opportunities for its application to robotics and 
autonomous systems have emerged.[20-31]

Machine Learning Accelerator 
Integration

The implementation of custom neural network 
accelerators in FPGAs is becoming increasingly popular 
to perform on board machine learning in robotic 
applications. Future developments may include. 
Heterogeneous computing platforms for robotics are 
being developed using the combination of FPGAs with 
other computing elements, e.g., CPUs and GPUs, 
leading to highly flexible and efficient computing. 
These systems can dynamically determine the task 
responsible for a given unit and allocate it the most 
appropriate while ensuring that energy constraints are 
satisfied at the same time.

Distributed Reconfigurable Systems and 
Swarm Robotics
New ways of tackling swarm robotics are emerging 
through reconfigurable computing that allows for 
dozens of individual simple robots to work together to 
perform complex tasks. Future research may explore. 
It is of critical importance that energy efficiency 
is observed as autonomous robots become more 
widespread in different industries. For developing low 
power, long term remote and challenging environments 
robotic systems, reconfigurable computing provides 
promising solutions.[32-35]

Challenges and Opportunities

While reconfigurable computing holds great promise 
for advancing the field of robotics, several challenges 
remain to be addressed:

Interoperability and Standardization
Standard interfaces, and programming models for 
reconfigurable robotics platforms can limit the 
collaboration and code reuse. However, widespread 
adoption will most likely hinge on an ability to develop 
common standards and frameworks.

Design Tools and Method
The usability and accessibility of FPGA design tools 
continues to be an area of continued improvement. 
Applying more domain-specific languages for robotics 
applications and higher level abstractions could 
drastically truncate the learning curve for new users.

Verification and Validation
Correctness and reliability for dynamically 
reconfigurable systems is an important concern. To 
build trust in these technologies, new methodologies 
of verifying and validating self adaptive robotic 
systems will be necessary.

Education and Training
Preparation of the next generation of roboticists to 
harness the power of these technologies will include 
the use of reconfigurable computing concepts in 
robotics education and training programs.

Conclusion
Reconfigurable computing promises to change the 
future of robotics and autonomous systems. FPGA-
based platforms provide unprecedented flexibility, 
performance, and energy efficiency, allowing robust 
and intelligent, highly adaptive, intelligent, capable 
robots to be developed. With the field evolving 
this synergy between reconfigurable hardware and 
innovative advanced software frameworks such as 
ROS 2 and ReFrESH will lead to advances in search 
and rescue as well as space exploration. The hurdles 
ahead are great, and the possibility is great. With the 
persistent application of reconfigurable robotics and 
their subsequent translation to operational capability, 
we can anticipate seeing autonomous systems with 
increasingly higher degrees of sophistication and 
versatility relative to complex, dynamic environments 
than ever before. Robots in the future enable 
reconfiguration and the options are open ended.
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