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. Abstract
Journal of Nonlinear This paper presents an integrated framework for mobile robot navigation in indoor environments, based on the fusion of

the Extended Kalman Filter (EKF) and the Rapidly-exploring Random Tree* (RRT) algorithm. The objective of this hybrid

Systems in Electrical rec ha / o rE o .
approach is to simultaneously enhance path planning accuracy and localization precision under conditions of sensor noise

Engmeenng and dynamic, uncertain obstacles. Initially, the RRT algorithm generates an optimal path from the start to the goal point,
considering existing obstacles. Subsequently, for high-accuracy path following, the robot's position is estimated in real-time

Vol.12, No.1 using the EKF. In this method, the prediction step of the filter relies on the robot's kinematic model and odometry data, while
Spring and Summer 2025 the update step is performed using Lidar sensor measurements. The precise localization provided by the EKF enables the

robot to follow the proposed RRT* path with minimal error. A key feature of this framework is the closed-loop interaction
ISSN: 2322 — 3146 betwe_en localizati_on and.path planning; if the estimation error i‘ncrfzases or unexpected environmgn_tal changes.o_ccqr, the path
. planning process is reactivated by the RRT* module. This design increases the system's adaptability and stability in the face
of environmental uncertainties. Simulation results demonstrate that this framework significantly improves localization
accuracy, achieving a Root Mean Square Error (RMSE) of less than 0.055 and a 73% increase in precision compared to pure
odometry. Furthermore, the paths generated by RRT* show considerable improvement in length, smoothness, and safety over
those produced by the basic RRT algorithm.
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1. Short Introduction

Accurate localization of mobile robots in unknown or dynamic environments remains a fundamental challenge in autonomous
navigation. While common methods like odometry suffer from cumulative error, and advanced filters like EKF improve
estimation, they often operate independently of path planning. Similarly, path planners like RRT* may generate inefficient
routes if the robot's positional uncertainty is high. This paper is motivated by the need to bridge this gap, proposing a novel
closed-loop EKF-RRT* framework that synergistically integrates precise, real-time state estimation with reactive and optimal
path planning to enhance overall navigation robustness in complex indoor settings.

2.  Proposed Work

The proposed system establishes a closed-loop integration between an Extended Kalman Filter (EKF) for localization and a
Rapidly-exploring Random Tree (RRT*) algorithm for path planning. The EKF fuses noisy wheel odometry data with Lidar
measurements to provide a reliable real-time pose estimate and, crucially, a measure of estimation uncertainty (covariance).
The RRT module uses this estimated position to generate an optimal, collision-free path. The core innovation is the feedback
link: if the positional uncertainty from the EKF exceeds a threshold—indicating potential localization drift or new obstacles—
the system triggers the RRT* to replan a new path from the robot's current estimated location. This ensures the path remains
feasible despite uncertainties.

Simulation results in indoor environments validate the framework's superiority. The EKF-based localization achieved a Root
Mean Square Error (RMSE) of 0.055, outperforming pure odometry where error grew unbounded. The closed-loop interaction
produced paths that were not only collision-free but also 73% more accurate in tracking compared to odometry. The paths
were shorter and smoother than those from a standard RRT, as frequent replanning from accurate poses led to more efficient
tree growth and obstacle avoidance.

3.  Conclusion

This paper successfully developed and validated a hybrid EKF-RRT* framework for robust mobile robot navigation. The
closed-loop design synergizes high-precision localization with adaptive path planning, where each module informs and
improves the other. Key results demonstrate a 73% increase in localization accuracy over odometry and the generation of
safer, more optimal paths. The proposed system represents a significant step toward reliable autonomous navigation for
service, industrial, and rescue applications in uncertain indoor environments.
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