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This research focuses on the development of a real-time indoor localization
and navigation system for Autonomous Ground Vehicles (AGVs) using surveillance
cameras as the primary sensors in combination with computer vision and artificial
intelligence, under a centralized control architecture. Unlike conventional AGV
systems that rely on expensive onboard sensors or fixed guide paths with limited
flexibility, the proposed system leverages infrastructure-based cameras to provide
cost-effective and adaptable navigation. The system begins with object detection of
AGVs and obstacles using a custom-trained YOLOv11 model, followed by position
estimation via the Perspective-n-Point (PnP) method, and further refinement using
Gaussian Process Regression (GPR) to reduce geometric errors caused by camera
perspective and lens distortion. The resulting position data are integrated into a two-
dimensional virtual map (2D Virtual Map), which is updated in real time at 10 Hz, and
used for automatic path planning with the A* algorithm. The planned trajectory is
transmitted to the AGV through the Message Queue Telemetry Transport (MQTT) -
protocol, while its motion is controlled using the Pure Pursuit algorithm assisted by -
onboard Inertial Measurement Unit (IMU) measurements. Experimental results in a
4x8 square meters indoor test field demonstrated that YOLOv11 achieved high
| detection accuracy with a Mean Average Precision (mAP@0.5-0.95) of 95.60% at
approximately 20 Frames Per Second (FPS), while the localization error was
significantly reduced from an average of 141 mm to only 22 mm after applying GPR.
Furthermore, the AGV successfully tracked planned paths with an average tracking
error of less than 30 mm across all tested routes. These results confirm that the

proposed system offers high accuracy, real-time performance, and cost efficiency,



making it a practical and scalable solution for indoor environments such as hospitals,

warehouses, and office buildings.
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