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This research aims to deve(op a high-precision outdoor localization system for
autonomous mobile robot navigation. Currently, the use of light-based distance
measurement sensors for outdoor localization tends to suffer from reduced
performance compared to indoor environments. Furthermore, achieving higher
localization accuracy often requires the use of expensive sensors, which may not be
cost-effective for practical deployment. Therefore, this study focuses on developing
an outdoor localization approach that enhances both the accuracy and performance
of the localization system while maintaining a relatively low hardware cost. In this
research, the ORB-SLAM algorithm, which is capable of detecting and estimating object
positions from camera images, is integrated with a Global Positioning System (GPS) to
provide global position references. Additionally, an Extended Kalman Filter (EKF) is
employed for state estimation of the robot, thereby improving localization accuracy
and reducing estimation errors.

The experimental setup consists of an Intel RealSense D435 depth camera, an
MPU9250 inertial- measurement unit (IMU) for measuring angular and linear motion,
and a WTGPS 300P GPS sensor for providing geographical cdordinates.—ln the initial
stage of the study, the ORB-SLAM algorithm was tested with the camera, followed by
camera calibration and evaluation of localization and  pose estimation accuracy.
Subsequently, IMU data was processed to estimate t’he robot’s pose, and sensor fusion
between camera and IMU data was performed using the Extended Kalman Filter
through the Robot Localization Package.

After that, GPS data was processed using mathematical transformations to
convert geographical coordinates (Geographical Coordinate System) into navigation
coordinates (Navigation Coordinate System). The transformed data was then fused with

the previously integrated data to obtain a comprehensive and precise localization



result. To evaluate the performance of the developed outdoor localization system,
the sensors and camera were mounted on a small electric vehicle. Experiments were
conducted under two velocity conditions: below 1 m/s and below 2 m/s, with
predefined reference points along the test path. The results showed that at a velocity
below 2 m/s, the root mean square (RMS) error was 1.56 m along the x-axis and 0.36
m along the y-axis. At a velocity below 1 m/s, the RMS-error was 0.43 m along the x-
axis and 0.32 m along the y-axis. |

Based on these results, the developed outdoor localization system
demonstrates high potential for practical implementation in autonomous vehicle

navigation systems and future mobile robot applications.
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