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Abstract - This paper presents a decentralized approach for

collision-free navigation in multi-robot systems, where
each robot independently computes its own path while
coordinating locally with neighboring robots to avoid
collisions. Unlike centralized path planning methods, the
proposed approach eliminates reliance on a global
controller and instead emphasizes robot-level autonomy
and local interaction. Each robot initially plans a path
using a classical single-agent planner and dynamically
adjusts its motion when potential collisions are detected.
Local coordination strategies such as temporary waiting,
speed adjustment, and resolve conflicts in real time. To
validate this proposed framework, we developed a
comprehensive multirobot simulation environment using
Python. The system was tested on various grid maps with
static obstacles to evaluate performance metrics such as
path efficiency and collision counts. The approach
improves scalability, robustness, and adaptability in
dynamic environments. Simulation-based experiments
demonstrate that the proposed method achieves zero
collision rates while maintaining acceptable path efficiency
and computational performance. The results indicate that
independent path computation combined with local
coordination is a practical and effective solution for
decentralized multi-robot navigation.
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L INTRODUCTION

Multi-robot systems are increasingly deployed in
applications such as warehouse automation,
surveillance, and search-and-rescue operations. In
these scenarios, robots must reach their respective
goals efficiently while sharing a common workspace.
The primary challenge lies in ensuring collision-free
navigation as the number of robots increases.
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Centralized multi-robot path planning approaches
compute joint trajectories for all robots [2][3] but
suffer from scalability limitations, high computational
complexity, and single-point failure risks. In contrast,
decentralized approaches allow robots to operate
autonomously using local information, offering
improved robustness and scalability. However, purely
reactive decentralized methods may lead to deadlocks
or inefficient paths.

This work addresses these challenges by combining
independent path computation with local coordination.
Each robot plans an optimal path using the A*
algorithm while resolving conflicts through local
interactions, achieving safe and scalable navigation
without centralized control.

IL. PROBLEM FORMULATION

Consider a set of (N) mobile robots operating in a
twodimensional workspace populated with static
obstacles. Each robot (i) is assigned a unique start
position (s_i) and goal position (g_i). Robots are
modeled as circular agents with radius (r). A collision
occurs if the distance between any two robots becomes
less than (2r).

The objective is to generate collision-free trajectories
such that all robots reach their respective goals while
relying only on local sensing or limited
communication. The system operates without
centralized supervision, emphasizing decentralized
decision-making and scalability.

Among various path planning techniques, the A*
algorithm is one of the most widely adopted heuristic
search methods[1] in artificial intelligence—based
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navigation systems. By incorporating heuristic
information into the search process, the A* algorithm
effectively eliminates a large number of unnecessary
search nodes, thereby significantly improving
computational efficiency. As a result, it is particularly
well suited for solving shortest-path problems in static
environments. Using the A* algorithm, a robot can
efficiently determine an optimal motion trajectory
from its initial position to the target position in an
obstacle-free or known environment, producing a path
that  balances accuracy and  computational
performance.

2.1. AALGORITHM PRINCIPLE*

The A* algorithm is a highly efficient path
optimization technique that offers faster convergence
compared to classical graph search algorithms such as
Dijkstra’s method.

A. Algorithm Overview

The A* algorithm is a heuristic search method widely
used for optimal path planning in static environments.
It evaluates nodes based on a cost function that
balances the actual path cost and an estimated cost to
the goal.

The evaluation function is defined as

[ f(n) = g(n) +h(n) ]
where (g(n)) represents the accumulated cost from the
start node to node (n), and (h(n)) denotes a heuristic
estimate of the cost from node (n) to the goal.

B. Heuristic Function

In grid-based environments, the Manhattan distance

heuristic is commonly employed and is given by
[h(n)=|x_n-x_g/+|yn-y_gl]

where ((x_n,y_n))and ((x_g,y_g)) are the coordinates

of node (n) and the goal, respectively. This heuristic is

admissible, as it never overestimates the true cost,

thereby guaranteeing optimality of the A* solution.

C. Justification of A*

Advanced planners such as D*[17], Theta*[18] ,and
cooperative algorithms like M*[19] address dynamic
or joint-state planning problems but incur higher
computational overhead. In this work, classical A* is
selected due to its deterministic behavior,
computational  efficiency, and suitability for
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independent path computation in decentralized
multirobot systems.
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Fig 3. Data Flow Diagram of Multi Agent Path
Planning

3.1 Independent Path Computation

Initially, each robot computes a path from its start
location to its goal using a classical single-robot path
planning algorithm such as A*. This planning phase
considers only static obstacles and ignores other
robots, allowing efficient individual path generation.

i

Fig 3.1 Independent path planning
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The figure depicts the initial configuration and
navigation objectives of the agents within a shared
workspace. The green square indicates the starting
position of an agent, while the green circular marker
represents the agent’s initial physical location. The
purple circular regions denote the assigned goal
positions, and the remaining geometric shapes
correspond to static obstacles that constrain the
feasible motion space. Each agent independently
computes an optimal path from its start location to the
corresponding goal using the A* path planning
algorithm, which evaluates candidate trajectories by
minimizing a cost function composed of the
accumulated travel cost and a heuristic estimate of the
remaining distance to the destination. This approach
enables efficient generation of shortest feasible paths
while ensuring obstacle avoidance, and during
execution, the agent follows the planned trajectory
while maintaining a safe separation from obstacles and
other agents in the environment.

3.2 Collision Prediction

During navigation, robots continuously monitor
nearby robots using local sensing or short-range
communication. By analyzing the relative positions
and velocities of neighboring robots, each robot
predicts potential collisions within a short time
horizon.

Fig 3.2 Collision Prediction of multi robot.

This Fig describe the yellow-colored regions represent
the source positions from which the robots initiate their
motion. The red-colored blocks denote static obstacles
that restrict the available movement space and create
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narrow passages. The red circular agents labeled r1 and
r2 are moving along nearby trajectories, and their
overlapping positions indicate a predicted collision.
This situation highlights the necessity of collision
prediction and coordination mechanisms in multi-
robot path planning to ensure safe and uninterrupted
navigation.

3.3 Local Coordination and Conflict Resolution

When a potential collision is detected, robots resolve
conflicts through local coordination strategies. These
include temporary speed reduction, waiting at safe
locations, or locally replanning a short segment of the
path. All decisions are made independently based on
local observations, ensuring decentralized operation.

start

@
® O

Fig 3.3.1 local coordination and conflit resolution

The Fig describe the environment after the agents have
initiated movement from their respective source
locations. The yellow circular agents have successfully
navigated through the workspace while maintaining
collision-free trajectories with respect to the static
obstacles. The absence of overlap between the agent
boundaries and the gray obstacle regions confirms that
obstacle avoidance constraints are strictly satisfied
throughout the motion. This figure demonstrates the
capability of the agents to move freely within the
environment, transitioning from source regions toward
their intended positions without any obstacle
interference, thereby validating the effectiveness of the
adopted navigation and collision-
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avoidance strategy.

@
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Fig.3.3.2 Local coordination and conflict resolution
by moving to destination.

The Fig illustrates the initial configuration of the
navigation environment. The square blocks denote the
source locations from which the agents are deployed,
while the yellow circular shapes represent the mobile
agents at their starting positions. The gray circular
regions correspond to static obstacles that occupy fixed
locations in the workspace and restrict the feasible
motion space. At this stage, both agents (labeled 7/ and
r2) are positioned near their respective source regions,
and no motion has yet occurred. The spatial
distribution of obstacles creates constrained corridors,
emphasizing the need for effective path planning to
ensure safe navigation.

1.  ALGORITHM OVERVIEW

The overall navigation process follows these steps:
1. Initialize robot positions and goals.
Each robot independently computes an initial path.
Robots move along their paths.
Robots detect nearby robots and predict collisions.
Local coordination strategies are applied if
conflicts arise.
6. Robots wupdate their motion and continue
navigation.
7. The process repeats until all robots reach their
goals.
IV.  EXPERIMENTAL SETUP

A

IRE 1715558

The proposed approach was evaluated in a two
dimensional environment with static obstacles.
Experiments were conducted with varying numbers of
robots to assess scalability. Performance was evaluated
using metrics such as collision count, average path
length, travel time, and goal-reaching success rate.

Table 1. Performance comparison between existing
multi-robot navigation approaches and the proposed

method.
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V. RESULTS AND DISCUSSION

The results obtained from the implementation of multi-
robot path planning are highly informative in
understanding how robots can operate in dynamic and
static environments. This section provides a
comprehensive and detailed analysis of the outputs,
focusing on both the single robot scenario and the
multi-robot coordinated navigation scenario. The
purpose of this analysis is to highlight the significance
of the results in demonstrating the effectiveness of the
system architecture and to connect the observed
outcomes with the wunderlying algorithms and
techniques such as A* search, co-evolutionary
coordination, and Bezier smoothing.

ICONIC RESEARCH AND ENGINEERING JOURNALS 2713



© MAR 2026 | IRE Journals | Volume 9 Issue 9 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV919-1715558

VI.  CONCLUSION

This paper presented a decentralized collision-free
multi-robot navigation approach based on independent
path computation and local coordination. The method
eliminates the need for centralized control while
ensuring safe and scalable navigation. Future work will
focus on real-world robot implementation and the
integration of learning-based collision prediction
techniques.
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