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Abstract 

In today’s rapidly evolving industrial landscape, manufacturing systems must 

adapt to fluctuating market demands, mass customization, and short product 

lifecycles. Traditional manufacturing systems often lack flexibility, leading to 

inefficiencies and increased downtime. Self-reconfigurable manufacturing 

systems (SRMS) are an emerging paradigm that allows production systems to 

autonomously adapt their hardware and software configurations to changing 

production requirements. This paper reviews the concept, architecture, 

enabling technologies, challenges, and future prospects of SRMS. It highlights 

the role of modular design, cyber-physical integration, intelligent control, and 

multi-robot coordination in realizing self-reconfigurable systems. The review 

also examines recent research trends, applications, and potential pathways for 

Industry 5.0 adaptation. 
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INTRODUCTION 

Manufacturing industries are facing unprecedented challenges due to market globalization, 

rapidly changing customer demands, and increasing product variety. Conventional fixed-line 

manufacturing systems are rigid and cannot easily adapt to new product designs or small-batch 

production, resulting in longer lead times and higher operational costs. 
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 Self-reconfigurable manufacturing systems (SRMS) are designed to address these limitations 

by enabling production lines and robotic systems to autonomously modify their 

configuration—mechanical layout, control software, and workflow—without significant 

human intervention. The goal is to achieve high flexibility, fast response to change, and 

sustainable production. 

 

SRMS combine concepts from reconfigurable manufacturing systems (RMS), modular 

robotics, and cyber-physical systems (CPS). By integrating intelligent decision-making, 

distributed control, and modular components, SRMS can dynamically adapt to product 

changes, machine failures, and variable production rates. 

 

Objectives of this paper: 

 To explore the architecture and design principles of SRMS. 

 To review enabling technologies such as modular robots, IoT, AI, and digital twins. 

 To discuss challenges and limitations of current SRMS implementations. 

 To present future research directions and potential applications. 

 

FUNDAMENTALS OF SELF-RECONFIGURABLE MANUFACTURING SYSTEMS 

Self-reconfigurable manufacturing systems (SRMS) represent an advanced class of production 

systems designed to autonomously adjust both their physical layout and operational behavior 

in response to changing production demands, disturbances, or optimization goals. They are a 

critical component of Industry 4.0 and Industry 5.0, supporting agility, resilience, and mass 

customization. 

 

Definition 

Self-reconfigurable manufacturing systems are autonomous production systems capable of 

performing both structural and functional reconfiguration: 

 

1. Structural Reconfiguration: 

This involves physical modifications in the system’s hardware elements.  

 

Examples include: 

 Rearranging machine tools on a production floor. 

 Reconfiguring robotic arms to handle different tasks. 
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  Adding or removing conveyors, fixtures, or storage modules. 

The goal is to dynamically adjust the layout or capacity of the production system to 

meet changing product specifications or production volumes. 

 

2. Functional Reconfiguration: 

This relates to changes in software, control, and operational strategies: 

 Updating scheduling algorithms to optimize throughput. 

 Allocating tasks dynamically among machines or robots. 

 Adjusting process parameters based on real-time sensor feedback. 

Functional reconfiguration ensures that even without hardware changes, the system can 

respond to product variety, disturbances, or performance requirements. 

 

Key Features 

The effectiveness of SRMS relies on several core features: 

1. Modularity: 

 Components are designed as independent, interchangeable modules. 

 Examples: modular robotic arms, plug-and-play machine units, modular conveyors. 

 Advantage: Facilitates rapid assembly, disassembly, and replacement of system parts 

without shutting down the entire production line. 

 

2. Flexibility: 

 Supports multiple product types and variants on the same system. 

 Minimal downtime or retooling is required for switching products. 

 Enables mass customization, allowing manufacturers to respond quickly to market 

demand. 

 

3. Autonomy: 

 The system can sense its environment, evaluate production conditions, and decide on 

reconfiguration actions without human intervention. 

 Sensor networks, embedded AI, and decision-making algorithms allow the system to 

act proactively (e.g., rerouting a job from a failing machine). 

 

4. Scalability: 

 New machines, robots, or modules can be added or removed seamlessly. 



 
 

 

140 Page 137-150 © MANTECH PUBLICATIONS 2020. All Rights Reserved 

 

International Journal of Mechatronics and Manufacturing Technology 

Volume 5, Issue 2, July-December 2020 

 

  Example: Adding an extra robot for high-demand products without major system 

redesign. 

 Supports gradual capacity expansion while maintaining operational continuity. 

 

5. Resilience: 

 The system can tolerate partial failures and continue production. 

 Redundant modules and fault-detection algorithms allow quick recovery from hardware 

or software issues. 

 Ensures minimal disruption, maintaining delivery schedules and product quality. 

 

ARCHITECTURE OF SRMS 

The architecture of a self-reconfigurable manufacturing system (SRMS) is designed to support 

autonomous adaptability, modularity, and intelligence. It integrates physical hardware, 

intelligent control, and cyber capabilities to enable the system to monitor, decide, and act on 

reconfiguration tasks dynamically. A typical SRMS architecture can be visualized as a three-

layer structure (Figure 1). 

 

 

Figure 1: SRMS Layered Architecture 
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 Modular Machines 

Modular machines are the backbone of SRMS, enabling rapid physical reconfiguration and 

flexible production layouts. Unlike traditional monolithic machines, modular machines are 

designed as independent, reconfigurable units. 

 

Key Features: 

 Size Reconfigurability: Modules can be combined or separated to match production 

requirements. 

Example: A small CNC module can be expanded with additional axes or tool heads 

when higher complexity products are needed. 

 

 Functional Reconfigurability: Modules can switch tasks or tooling without major 

hardware changes. 

Example: A robotic arm can swap grippers to handle different parts or operations. 

 

 Connectivity: Modules use standardized mechanical and communication interfaces to 

attach/detach seamlessly from production lines. 

Example: A conveyor module can be relocated or connected to a different assembly 

cell with minimal setup. 

 

Advantages: 

 Minimizes downtime during layout changes or product changeovers. 

 Supports mass customization and frequent product variations. 

 Enhances system scalability, allowing new modules to be added without redesigning 

the entire system. 

 

Distributed Control System 

In SRMS, the control intelligence is distributed across individual modules and robots rather 

than centralized. This approach enables autonomous and cooperative behavior among 

modules. 

 

Core Functions of Distributed Control: 

1. Autonomous Task Execution: Each robot or machine module can independently execute  
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 its assigned tasks based on local sensor data and operational rules. 

 

2. Inter-Module Communication: Modules exchange information about status, availability, 

and tasks with neighboring modules, enabling coordinated operations. 

 

3. Real-Time Adaptation: Modules adjust their behavior dynamically in response to changes 

in workload, machine faults, or production requirements. 

 

Benefits: 

 Reduces dependency on a central controller, improving resilience. 

 Enables parallel processing and faster decision-making. 

 Facilitates dynamic task allocation, ensuring efficient utilization of resources. 

 

Example Workflow: 

 A module detects a processing delay due to a partial fault. 

 It notifies nearby modules to redistribute workload. 

 The system adapts autonomously without halting the production line. 

 

Digital Twin Integration 

A digital twin is a virtual representation of the SRMS, including machines, robots, sensors, 

and processes. It mirrors the physical system in real time and allows simulation, optimization, 

and predictive decision-making. 

 

Key Applications in SRMS: 

1. Configuration Simulation: Test new layouts, machine additions, or task assignments 

virtually before physical implementation. 

 

2. Predictive Maintenance: Analyze sensor data to anticipate machine failures and schedule 

maintenance proactively. 

 

3. Scenario Analysis: Evaluate the effects of changes in production demand, material flow, 

or process sequences. 
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 4. Performance Monitoring: Continuously track system KPIs (throughput, downtime, 

energy consumption) to optimize efficiency. 

 

Advantages: 

 Reduces risk and downtime associated with physical reconfiguration. 

 Enhances decision-making with AI-driven insights. 

 Supports continuous improvement and real-time optimization of production 

processes. 

 Example: Before moving a CNC module to a new assembly line, the digital twin 

simulates the new workflow, identifies potential bottlenecks, and suggests optimal 

positioning and task assignments. 

 

ENABLING TECHNOLOGIES 

Self-reconfigurable manufacturing systems (SRMS) rely on a combination of advanced 

hardware, software, and communication technologies to achieve autonomy, flexibility, and 

intelligence. These enabling technologies provide the foundation for modularity, distributed 

control, digital twin integration, and real-time decision-making. 

 

Industrial Internet of Things (IIoT) 

Industrial IoT (IIoT) connects machines, sensors, robots, and controllers, enabling real-time 

data exchange across the manufacturing system. 

 

Key Features: 

 Sensor Networks: Monitor machine health, environmental conditions, and process 

variables. 

 Actuator Connectivity: Enables remote control of devices for adjustments and 

reconfiguration. 

 Data Integration: Aggregates production, maintenance, and logistics data for analysis. 

 

Benefits: 

 Supports autonomous decision-making and distributed control. 

 Enables predictive maintenance and performance optimization. 

 Facilitates seamless communication among modular machines and robots. 
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 Robotics and Modular Machines 

Advanced modular robots and machines form the physical backbone of SRMS. 

 

Key Features: 

 Reconfigurable Hardware: Robots can swap end-effectors or change configurations 

for multiple tasks. 

 Mobility: Mobile robots can move modules or components within the factory floor. 

 Collaborative Robots (Cobots): Work safely alongside humans for mixed-automation 

operations. 

 

Benefits: 

 Supports dynamic production layouts and structural reconfiguration. 

 Improves flexibility, enabling production of multiple product variants. 

 Reduces dependency on fixed machinery and allows scalable production capacity. 

 

Distributed Control and Edge Computing 

Distributed control systems allow local intelligence in each module or robot, supported by 

edge computing to process data close to the source. 

 

Key Features: 

 Local Decision-Making: Robots and machines adjust tasks autonomously based on 

sensor data. 

 Inter-Module Coordination: Enables collaborative operations without central 

bottlenecks. 

 Real-Time Analytics: Edge devices process critical data for immediate action. 

 

Benefits: 

 Enhances resilience by avoiding a single point of failure. 

 Reduces latency, enabling real-time adaptation and scheduling. 

 Supports parallel task execution and high-throughput manufacturing. 

 

Digital Twin and Simulation Platforms 

Digital twins replicate the physical SRMS in a virtual environment for simulation, 

optimization, and monitoring. 
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 Key Features: 

 Virtual representation of machines, robots, sensors, and workflows. 

 Simulation of layout changes, process sequences, and production scenarios. 

 Integration with AI for predictive analysis and decision support. 

 

Benefits: 

 Reduces risk during reconfiguration by validating plans virtually. 

 Enables predictive maintenance and early fault detection. 

 Optimizes resource allocation and energy consumption. 

 

Table 1: 

Technology Role in SRMS Example 

Modular 

Robotics 

Provides physically reconfigurable 

robotic manipulators 

Chain-type modular robots for 

assembly 

Industrial IoT 
Connects machines, sensors, and 

controllers for real-time data sharing 

MQTT protocol-based 

connectivity 

Artificial 

Intelligence 

Task allocation, predictive maintenance, 

adaptive scheduling 

Reinforcement learning for 

job sequencing 

Digital Twin 
Simulation of production line and 

configuration testing 

Virtual model of a 

reconfigurable line 

Cloud/Edge 

Computing 
Processing large-scale sensor data 

Edge computing for real-time 

decision-making 

 

SELF-RECONFIGURATION STRATEGIES 

Self-reconfigurable manufacturing systems (SRMS) are designed to adapt their structure and 

operations autonomously in response to changing production demands, machine failures, or 

product variations. The reconfiguration strategies can be categorized into hardware, software, 

and combined hardware-software approaches. 

 

Hardware Reconfiguration 

Hardware reconfiguration involves physical changes in the system layout or equipment to 

adjust for new production requirements. 
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 Key Features: 

1. Robotic Arm Adaptation: 

 Robots can switch end-effectors (grippers, welders, tools) to perform different tasks. 

 Repositioning robots within the workspace to optimize reach and efficiency. 

 

2. Modular Machine Rearrangement: 

 Machines or production modules can be detached, relocated, or added along the 

assembly line. 

 Conveyor modules or storage units can be reconfigured to optimize material flow. 

 

Benefits: 

 Allows rapid structural adaptation to new product designs or production volumes. 

 Reduces downtime since modules are designed for plug-and-play integration. 

 Supports scalable manufacturing, enabling incremental capacity expansion. 

 Example: A CNC module is detached from an underutilized line and attached to a new 

line producing a different product without stopping production. 

 

Software Reconfiguration 

Software reconfiguration focuses on process-level and control-level adjustments without 

changing hardware. 

 

Key Features: 

1. Dynamic Job Scheduling: 

 Tasks are reassigned in real time based on machine availability, production priorities, 

or bottlenecks. 

 Enables just-in-time production and reduces idle time. 

 

2. AI-Based Resource Allocation: 

 Machine learning or optimization algorithms determine the optimal distribution of tasks 

among robots and machines. 

 Predictive models anticipate failures and reroute tasks proactively. 

 

3. Control Strategy Adaptation: 

 Controllers adjust process parameters (speed, torque, temperature) for new product  
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 specifications. 

 

Benefits: 

 Increases system flexibility without physical modifications. 

 Supports autonomous decision-making in complex manufacturing scenarios. 

 Reduces human intervention, improving responsiveness to production changes. 

 Example: When a machine detects overloading, AI-based scheduling reroutes jobs to other 

available machines, preventing downtime. 

 

Combined Hardware-Software Reconfiguration 

Combined reconfiguration integrates both hardware and software adjustments to achieve 

holistic system adaptability. 

 

Key Features: 

1. Simultaneous Layout and Task Changes: 

 Physical relocation of machines or robots is coordinated with software updates for task 

allocation and scheduling. 

 

2. Integrated Path and Flow Optimization: 

 Conveyor routes, robot paths, and machine sequences are adjusted together for maximum 

efficiency. 

 

3. Digital Twin Validation: 

 Virtual simulations validate the combined reconfiguration before physical implementation, 

minimizing risk. 

 

Benefits: 

 Achieves optimal performance and flexibility, adapting both structure and operations 

simultaneously. 

 Enables fast response to new product variants or sudden production changes. 

 Supports resilient manufacturing, allowing continued operation despite faults or 

disruptions. 
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 Example: 

A reconfigurable assembly cell is updated to produce a new smartphone variant: 

 Conveyor routing is modified to optimize part delivery. 

 Robotic arms reposition and switch end-effectors for new assembly tasks. 

 Scheduling algorithms dynamically assign tasks to robots, minimizing cycle time. 

 

APPLICATIONS OF SRMS 

 Automotive Industry – Flexible assembly lines for multiple car models. 

 Electronics Manufacturing – Adaptable PCB assembly lines with varying 

components. 

 Medical Device Production – Small-batch, customized production of implants or 

instruments. 

 Aerospace Manufacturing – Handling complex assembly of variable-sized 

components. 

 

Table 2: Examples of SRMS Applications 

Industry SRMS Feature Benefit 

Automotive Reconfigurable assembly lines Reduce setup time for new models 

Electronics Modular robot stations Rapid adaptation to component changes 

Medical Flexible batch production Support personalized devices 

Aerospace Modular machining Handle complex, variable parts efficiently 

 

CHALLENGES IN SRMS IMPLEMENTATION 

 High Initial Investment – Modular machines and robotics are costly. 

 Complex Control Algorithms – Distributed decision-making requires advanced AI 

and real-time computing. 

 Integration Issues – Compatibility between heterogeneous machines and 

communication protocols. 

 Maintenance Complexity – Frequent reconfiguration can lead to wear and increased 

maintenance. 

 Human-Machine Collaboration – Ensuring safety during autonomous 

reconfiguration. 
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 FUTURE DIRECTIONS 

 Industry 5.0 Integration – Emphasizing human-centric collaboration, sustainability, 

and personalization. 

 Advanced AI and Machine Learning – Predictive reconfiguration and autonomous 

optimization. 

 Cybersecurity in Reconfigurable Systems – Protecting IoT-enabled SRMS from 

cyber threats. 

 Energy-Efficient Reconfiguration – Minimizing energy consumption during system 

adjustments. 

 Standardization – Modular interfaces and protocols for easy integration. 

 

CONCLUSION 

Self-reconfigurable manufacturing systems represent a transformative approach for modern 

industries facing high variability, rapid product cycles, and mass customization demands. By 

combining modular hardware, distributed control, AI, and cyber-physical integration, SRMS 

enable adaptive, resilient, and efficient production. Despite challenges in cost, complexity, and 

integration, ongoing advancements in AI, robotics, and digital twin technology are expected to 

make SRMS more accessible and practical. The adoption of SRMS aligns with the goals of 

Industry 4.0 and Industry 5.0, promoting flexible, human-centric, and sustainable 

manufacturing environments. 
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