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Abstract

Object detection is a process that utilizes techniques from neural networks, which
have gained significant popularity in robot vision research. This study applies such techniques
to an insulator cleaning robot, where images from a camera are processed to determine the
target’s bounding box coordinates. The coordinates are then transmitted to the robot’s control
unit via long-range wireless communication using MQTT. The experiments were conducted on
a 6-Core Intel Xeon E5 CPU (3.5 GHz) with 16 GB of RAM, without using a GPU for model
inference. Among several tested architectures, YOLOv11n delivered the best performance,
achieving an mAP@0.5 of 97.6% and a precision of 98.66%. The overall system speed
(including both inference and data transmission) averaged 1.61 FPS. While this is slower than
previous research reporting 24-51 FPS, the developed system offers a unique advantage:
it can transmit target coordinates 0.62 seconds in advance, allowing the control unit to navigate
toward the target without relying on real-time image processing at every step. Furthermore,
the combined processing and transmission time accounted for only 52% of the total per-frame
time, demonstrating the system’s suitability for practical applications—even when running solely
on a CPU.

Keywords: Object Detection, Neural Network, Cleaning Robot, Insulator, MQTT Communication
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