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Abstract

This paper proposes an enhanced safety electric scooter(S-scooter) integrating a deep learning-based forward
obstacle detection module and an incident notification module. The forward obstacle detection module uses a deep
learning model to detect obstacles such as cars, motorcycles, pedestrians, bicycles, and scooters, as well as defective
road surfaces (potholes and speed bumps). When a detected object is identified as an obstacle, the system measures
the distance using a depth camera. The incident notification module outputs a warning sound on the measured
distance and sends incident information to a guardian in case of an accident. Performance evaluation shows that the
deep learning model achieved a high mAP of 0.8118, and the obstacle distance measurement experiment demonstrated
an average error rate of less than 10%. The proposed system is expected to reduce accidents caused by inattentive
driving and inexperienced operation while significantly enhancing user safety.
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Forward obstacle detection module

« Capture images of the scene ahead

« Detect obstacles and irregular road surfaces
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Incident notification module

« Measure the scooter’s ilt angle
« Identify accidents using the measured angle
« Send a warning message in case of
an accident
+ Play a warning sound
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Table 1. Learning environment and operating environment
for deep leamning model

Learning Operating
Features environment environment
Intel Core 6-core Arm
CPU i7-10700K Cortex-A78AE 1.5
3.80GHz GHz
RAM DDR4 32GB LPDDR5 8GB
0S Windows 10 Pro Ubuntu 20.04 LTS
1024~core NVIDIA
GPU NVlngA)‘( GSSE(S) e Ampere GPU with
32 Tensor Cores
CUDA 111 CUDA 114
Software cUDNN 8.1. cUDNN 8.6
OpenCV 4.9 OpenCV 4.9
PyTorch 2.1 PyTorch 2.1
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