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Abstract 

Modern manufacturing is shifting from fixed mass production toward flexible 

and customized production systems. Reconfigurable production lines allow 

rapid change in product type, volume and workflow. In such systems, multiple 

robots must work together in coordinated manner to perform tasks like 

assembly, material handling, inspection and packaging. Multi-robot 

coordination improves productivity and adaptability but also introduces 

challenges such as task allocation, collision avoidance, communication and 

real-time control. This paper presents a review of multi-robot coordination 

approaches in reconfigurable production lines. Different coordination 

architectures, planning algorithms, communication strategies and control 

techniques are discussed. Applications in smart factories and Industry 4.0 

environments are analyzed. The study also highlights advantages, limitations 

and future research directions. Results show that cooperative robot systems can 

significantly increase flexibility and throughput of production lines when 

proper coordination strategies are applied. 
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INTRODUCTION 

Manufacturing industries are facing increasing demand for product variety, shorter life cycles 

and mass customization. Traditional fixed production lines are not suitable for such dynamic 
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 requirements. Reconfigurable production lines are designed to change structure, capacity and 

function quickly according to production needs. Robots play a central role in these systems due 

to their programmability and precision. 

 

Instead of single robot performing isolated tasks, modern factories deploy multiple robots 

working cooperatively. Multi-robot coordination allows parallel operations, load sharing and 

dynamic task execution. It is especially important in reconfigurable lines where layout and 

workflow change frequently. 

 

However, coordinating several robots in shared workspace is complex. Issues include task 

distribution, path planning, synchronization, communication delay and safety constraints. 

Improper coordination can lead to collisions, idle time or inefficiency. Therefore intelligent 

coordination strategies are required. 

 

This paper reviews state-of-the-art techniques for multi-robot coordination in reconfigurable 

production lines. Focus is on manufacturing applications such as assembly, handling and 

inspection. 

 

RECONFIGURABLE PRODUCTION LINES 

Reconfigurable manufacturing systems (RMS) represent an advanced paradigm in modern 

production engineering. Unlike traditional dedicated production lines which are optimized for 

a single product type, reconfigurable production lines are designed to adapt quickly to changing 

market demand, product design variation and production volume fluctuation.  

 

This capability is particularly important in present manufacturing scenario where product life 

cycles are becoming shorter and customization requirements are increasing. 

 

A reconfigurable production line typically consists of modular workstations interconnected 

through flexible material handling systems such as conveyors or automated guided vehicles. 

Robots, sensors, controllers and tooling units are designed in modular manner so that they can 

be rearranged, replaced or upgraded with minimum interruption to production. The key 

objective of reconfigurable lines is to achieve both high productivity of mass production and 

flexibility of job shop manufacturing in same system. 
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 In such lines, system configuration can be changed by altering robot programs, replacing end-

effectors, rearranging stations or modifying workflow logic. This allows manufacturers to 

introduce new product variants or change production capacity without building completely new 

line. Therefore reconfigurable production lines are considered essential component of smart 

factories and Industry 4.0 manufacturing environments. 

 

Characteristics of Reconfigurable Lines 

Reconfigurable production lines possess several defining characteristics that differentiate them 

from conventional manufacturing systems. These features enable rapid adaptation and efficient 

operation under changing conditions. 

 

Modular Structure 

The most fundamental characteristic of reconfigurable lines is modularity. Each workstation or 

production unit is designed as independent module with standardized mechanical and control 

interfaces. Modules may include robot cells, inspection stations, tooling units or handling 

devices. Because of modular architecture, stations can be added, removed or rearranged easily 

according to product requirements. This reduces redesign effort and supports quick line 

reconfiguration. 

 

Scalability in Capacity 

Reconfigurable lines allow production capacity to be increased or decreased by adjusting 

number of stations or robots. For example, additional parallel robot cells can be introduced to 

increase throughput during high demand period. Similarly, redundant stations can be removed 

during low production demand to reduce operational cost. This scalability ensures better 

resource utilization and energy efficiency. 

 

Convertible Functionality 

Stations in reconfigurable lines are capable of performing multiple functions by changing 

tooling or control program. A robot may perform assembly task for one product and inspection 

task for another simply by replacing end-effector and updating software.  

 

Convertible functionality reduces need for dedicated machines and supports product variety 

without major hardware changes. 
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 Integrable Subsystems 

Reconfigurable production lines are designed with standardized communication and 

mechanical interfaces so that new subsystems can be integrated easily. Robots, sensors, vision 

systems, conveyors and controllers from different vendors can be combined in same line. 

Integration capability is important for gradual system upgrades and technology adoption. 

 

Diagnosable Performance 

Modern reconfigurable lines incorporate sensors and monitoring systems to evaluate 

performance and detect faults. Diagnosability enables quick identification of malfunctioning 

modules, allowing maintenance without stopping entire line. Condition monitoring, predictive 

maintenance and digital twin technologies are often used for this purpose. As a result, 

downtime during reconfiguration or repair is minimized. 

 

These characteristics collectively enable production line to change configuration, capacity or 

functionality with minimal interruption and cost. Reconfigurable lines therefore provide both 

flexibility and productivity which are normally conflicting objectives in manufacturing 

systems. 

 

Role of Robots in Reconfigurable Lines 

Industrial robots are key enablers of reconfigurable production lines due to their 

programmability, precision and versatility. Unlike fixed automation equipment, robots can be 

reprogrammed for different tasks and trajectories without mechanical redesign. This makes 

them suitable for dynamic and modular manufacturing environments. 

 

In reconfigurable lines, robots perform wide range of operations depending on production stage 

and product type. 

 

Assembly Operations 

Robots assemble components such as mechanical parts, electronic modules or subassemblies. 

They can perform screw fastening, insertion, pressing or alignment operations with high 

repeatability. Multi-robot assembly cells are commonly used for complex products where 

several parts must be positioned simultaneously. Reprogramming allows same robot to 

assemble different product variants. 
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 Pick-and-Place Handling 

Material handling is one of the most frequent robot tasks in reconfigurable lines. Robots 

transfer parts between stations, orient components and load/unload machines. Flexible grippers 

and vision systems enable robots to handle different shapes and sizes. Coordinated pick-and-

place by multiple robots increases throughput and supports parallel processing. 

 

Welding or Fastening 

In metal fabrication or automotive lines, robots perform welding, riveting or fastening 

operations. Reconfigurable fixtures and programmable paths allow same robot cell to work on 

different product geometries. When product design changes, welding trajectory can be updated 

instead of replacing equipment. 

 

Inspection and Testing 

Robots equipped with cameras or sensors inspect products for dimensional accuracy, surface 

defects or assembly correctness. They can move sensors along complex paths for complete 

inspection coverage. Reconfigurable lines often integrate inspection robots at different stages 

to maintain quality despite product variation. 

 

Packaging 

At final stage, robots perform sorting, packing and palletizing. Packaging requirements often 

change with product size or order type, therefore programmable robots provide necessary 

flexibility. Multiple robots can coordinate to pack items in different patterns or containers. 

 

Because reconfigurable production lines frequently change layout and workflow, robots rarely 

operate in isolation. Multiple robots may share workspace, exchange parts or collaborate on 

same product. For example, two robots may hold and assemble a large component 

simultaneously, or several robots may perform parallel operations on same assembly line. Such 

interactions require precise synchronization, task allocation and collision avoidance. 

 

Therefore, effective coordination among robots becomes essential to ensure smooth operation, 

prevent interference and maintain productivity in reconfigurable production lines. Multi-robot 

coordination strategies discussed in later sections enable robots to adapt to changing 

configurations while working cooperatively in shared manufacturing environment. 
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 MULTI-ROBOT COORDINATION CONCEPTS 

Multi-robot coordination refers to the ability of multiple robotic units to cooperate, synchronize 

and share resources in order to achieve common manufacturing objectives. In reconfigurable 

production lines, several robots often operate in shared workspace and interact with same 

product or material flow. Without proper coordination, robots may interfere with each other, 

create bottlenecks or remain idle, which reduces overall efficiency of production system. 

 

Coordination involves decision making at different levels such as task assignment, motion 

planning, timing synchronization and information exchange. Effective coordination ensures 

that robots perform their operations in correct order, at right time and without collision. It also 

improves utilization of robots and reduces cycle time in manufacturing processes. 

 

In reconfigurable production lines, coordination becomes more complex because layout, 

product type and workflow may change frequently. Robots must adapt their interaction strategy 

according to new configuration. Therefore understanding different types of coordination is 

important for designing flexible multi-robot manufacturing systems. 

 

Types of Coordination 

Multi-robot coordination in production lines can be categorized into several types depending 

on how robots share tasks and workspace. Each type is suitable for specific manufacturing 

situations. 

 

1. Cooperative Coordination 

In cooperative coordination, two or more robots jointly perform a single task that cannot be 

completed by one robot alone. Robots physically or functionally interact with same workpiece 

at same time. This type of coordination is common when handling large, heavy or complex 

components requiring multiple contact points. 

 

For example, in automotive body assembly, two robots may hold and position large panel while 

another robot performs welding. Similarly, dual-arm robotic systems may assemble 

components that require simultaneous alignment and fastening. Cooperative coordination 

demands precise synchronization of motion and force control so that robots do not apply 

conflicting actions on part. 
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 Key characteristics of cooperative coordination include: 

 Shared manipulation of same object 

 Simultaneous motion execution 

 Tight synchronization requirement 

 High communication between robots 

Although cooperative coordination increases capability of system, it also increases control 

complexity because robots must maintain relative position and timing accuracy. 

 

2. Distributed Coordination 

In distributed coordination, each robot performs its own task independently but shares common 

workspace, tools or resources with other robots. There is no direct physical cooperation on 

same object, however robots must coordinate to avoid collision and resource conflict. 

 

For instance, in a flexible manufacturing cell, one robot may load parts into machine while 

another robot unloads finished parts and third robot performs inspection. All robots operate in 

same area and may access same conveyor or fixture. Therefore scheduling and motion planning 

must be coordinated. 

 

Characteristics of distributed coordination include: 

 Independent task execution 

 Shared environment or equipment 

 Local decision making with global awareness 

 Moderate synchronization requirement 

 

Distributed coordination is widely used in reconfigurable production lines because it provides 

flexibility and scalability. New robots can be added to system with minimal modification if 

proper coordination protocols exist. 

 

3. Sequential Coordination 

Sequential coordination occurs when robots perform tasks in a predefined order along 

production sequence. Output of one robot becomes input to next robot. This type resembles 

traditional assembly line but with robotic stations instead of manual stations. 
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 For example, in electronic assembly line, first robot places component on PCB, second robot 

solders connections, third robot inspects solder joints and fourth robot performs packaging. 

Each robot must wait until previous robot finishes its operation before starting next step. 

Timing synchronization is therefore essential. 

 

Characteristics of sequential coordination include: 

 Ordered task execution 

 Dependency between robots 

 Workflow-based synchronization 

 Predictable process flow 

 

Sequential coordination is relatively simple to implement but may create bottlenecks if one 

robot is slower than others. In reconfigurable lines, sequence may change when product type 

changes, requiring flexible scheduling. 

 

4. Parallel Coordination 

In parallel coordination, multiple robots perform similar or different tasks simultaneously on 

same or different products to increase throughput. Parallelism is especially useful in high-

volume manufacturing where cycle time must be minimized. 

 

For example, several pick-and-place robots may simultaneously load components onto 

conveyor, or multiple assembly robots may work on different sections of same product 

concurrently. Parallel coordination distributes workload among robots, reducing processing 

time per unit. 

 

Characteristics of parallel coordination include: 

 Simultaneous operation of robots 

 Workload sharing 

 Increased productivity 

 Need for collision avoidance 

Parallel coordination requires efficient spatial planning because robots often operate close to 

each other. Proper allocation of workspace zones and synchronized trajectories are necessary 

to prevent interference. 
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 Table 1: Coordination Types in Production Lines 

Coordination Type Description Example 

Cooperative Robots share same task Dual-arm assembly 

Distributed Independent tasks in shared area Multi-station handling 

Sequential Tasks in order Assembly line stages 

Parallel Same task simultaneously Multiple pick robots 

 

COORDINATION ARCHITECTURES 

Coordination architecture defines how robots communicate and make decisions. Three main 

architectures are used in manufacturing. 

 

Centralized Coordination 

A central controller assigns tasks and plans paths for all robots. Robots act as executors. 

 

Advantages: 

 Global optimization 

 Easier monitoring 

 Predictable behavior 

 

Limitations: 

 Single point failure 

 Limited scalability 

 Communication load 

Centralized control suits small or medium production cells. 

 

Decentralized Coordination 

Each robot has local controller and makes decisions independently using shared information. 

 

Advantages: 

 High scalability 

 Fault tolerance 

 Flexible adaptation 
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 Limitations: 

 Complex algorithms 

 Possible conflicts 

This architecture is suitable for large reconfigurable lines. 

 

Hybrid Coordination 

Combination of centralized planning and local autonomy. High-level decisions are centralized 

while low-level actions are local. 

 

Hybrid architecture is common in Industry 4.0 smart factories. 

 

Figure 1: Multi-Robot Coordination Architectures 

 

TASK ALLOCATION IN MULTI-ROBOT PRODUCTION 

Task allocation determines which robot performs which operation. In reconfigurable lines, 

tasks change frequently so dynamic allocation is required. 

 

Static Task Allocation 

Tasks are pre-assigned before production starts. Suitable for stable lines but not flexible. 
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 Dynamic Task Allocation 

Robots receive tasks during operation based on availability and workload. Improves 

adaptability. 

 

Market-Based Allocation 

Robots bid for tasks based on cost or time. Controller assigns to best robot. Widely used in 

flexible manufacturing. 

 

Table 2: Task Allocation Methods 

Method Characteristics Suitability 

Static Predefined Fixed lines 

Dynamic Real-time Reconfigurable 

Market-based Cost optimization Multi-robot 

Priority-based Urgent tasks first Assembly 

 

PATH PLANNING AND COLLISION AVOIDANCE 

In shared workspace, robots must move without collision. Reconfigurable lines increase 

complexity because layout changes. 

 

Offline Path Planning 

Paths computed before operation using CAD models. Works when environment static. 

 

Online Path Planning 

Robots adjust paths in real-time using sensors. Needed in dynamic production lines. 

 

Multi-Robot Collision Avoidance 

Methods include: 

 Time scheduling of motions 

 Velocity coordination 

 Safe zones 

 Predictive trajectory planning 

Real-time coordination reduces idle time and improves safety. 
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 COMMUNICATION IN MULTI-ROBOT SYSTEMS 

Communication enables robots to share state, position and task information. 

 

Wired Communication 

Industrial Ethernet ensures reliable and fast data exchange. Used in structured production cells. 

 

Wireless Communication 

Wi-Fi or 5G allows flexible layout reconfiguration. Important for mobile robots. 

 

Communication Challenges 

 Latency 

 Packet loss 

 Synchronization errors 

Reliable communication is essential for coordinated motion. 

 

CONTROL STRATEGIES FOR COORDINATION 

Control strategies ensure robots follow assigned tasks and maintain synchronization. 

 

Leader–Follower Control 

One robot acts leader and others follow trajectory. Used in cooperative manipulation. 

 

Behavior-Based Control 

Robots react to environment and other robots using simple rules. 

 

Distributed Control 

Each robot computes control based on local data and shared info. 

 

AI-Based Coordination Control 

Machine learning and reinforcement learning enable adaptive coordination in changing 

production lines. 

 

APPLICATIONS IN RECONFIGURABLE PRODUCTION LINES 

Multi-robot coordination is applied in many manufacturing sectors. 
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 Assembly Lines 

Multiple robots assemble different parts simultaneously or cooperatively. Improves speed and 

precision. 

 

Material Handling 

Robots transport parts between stations. Coordinated routing reduces congestion. 

 

Inspection Systems 

Robots inspect products from different angles concurrently. 

 

Flexible Manufacturing Cells 

Cells can be reconfigured for new products by updating robot coordination programs. 

 

Table 3: Industrial Applications 

Industry Application Coordination Type 

Automotive Body assembly Cooperative 

Electronics PCB handling Parallel 

Packaging Sorting Distributed 

Aerospace Component positioning Leader-follower 

 

BENEFITS OF MULTI-ROBOT COORDINATION 

Proper coordination in reconfigurable lines provides several advantages: 

 Increased productivity 

 Reduced cycle time 

 Improved flexibility 

 Higher equipment utilization 

 Adaptability to new products 

 Reduced human intervention 

Multi-robot systems also allow redundancy: if one robot fails others can compensate. 

 

CHALLENGES IN RECONFIGURABLE MULTI-ROBOT SYSTEMS 

Despite benefits, several challenges remain. 
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 Dynamic Environment 

Frequent layout changes require fast re-planning. 

 

Real-Time Synchronization 

Robots must maintain timing accuracy to avoid conflicts. 

 

Scalability 

Coordination complexity increases with robot number. 

 

Safety 

Human-robot coexistence needs safe coordination. 

 

Communication Reliability 

Wireless networks may cause delays. 

 

FUTURE TRENDS 

Research is moving toward intelligent and autonomous coordination. 

 

AI-Driven Coordination 

Learning algorithms optimize task allocation and path planning automatically. 

 

Digital Twin Integration 

Virtual models simulate robot coordination before deployment. 

 

Swarm Robotics in Manufacturing 

Large numbers of small robots cooperate like swarm systems. 

 

Human-Robot-Multi-Robot Collaboration 

Humans and multiple robots working together in flexible production cells. 

 

DISCUSSION 

Multi-robot coordination is key enabler of reconfigurable manufacturing. Traditional 

centralized control is insufficient for highly dynamic production lines. Distributed and hybrid 
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 architectures provide better scalability and robustness. Real-time sensing and communication 

technologies support adaptive coordination. 

 

Task allocation and path planning are major research areas. Market-based and AI-based 

approaches show promising performance in dynamic environments. However industrial 

adoption requires reliability, safety certification and standardization. 

 

Integration with Industry 4.0 technologies such as IoT, digital twin and cyber-physical systems 

will further enhance coordination capabilities. Future factories will rely heavily on teams of 

robots working cooperatively in modular production systems. 

 

CONCLUSION 

Reconfigurable production lines demand flexible and adaptive automation solutions. Multi-

robot coordination enables robots to cooperate efficiently in such dynamic manufacturing 

environments. This paper reviewed coordination architectures, task allocation methods, path 

planning strategies, communication systems and control techniques for multi-robot production 

lines. Applications across industries demonstrate significant improvements in productivity and 

flexibility. However challenges remain in scalability, safety and real-time adaptability.  

 

Future research should focus on AI-based coordination, digital twin integration and human-

robot multi-robot collaboration. Effective coordination strategies will be essential for next 

generation smart factories and mass-customized production systems. 
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