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Development of Personal Mobility Safety Driving Assistance System
Using CNN-Based Object Detection and Boarding Detection Sensor
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Abstract A recent spread of personal mobility devices such as electric kickboards has brought about
a rapid increase in accident cases. Such vehicles are susceptible to falling accidents due to their
low dynamic stability and lack of outer protection chassis. This paper presents the development of
an automatic emergency braking system and a safe starting system as driving assistance devices for
electric kickboards. The braking system employed artificial intelligence to detect nearby threaening
objects. The starting system was developed to disable powder to the motor until when the driver’s
boarding is confirmed. This study is meaningful in that it proposes the convergence technology of
advanced driver assistance systems specialized for personal mobility devices.
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Fig. 1. AEB system configuration for PM
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Table 1. Specifications of electric kickboard

Contents Value
Unfolding size (cm) 114x56x120
Folding size (cm) 103x21%35
Weight (kg) 18
Battery 36V 19.2AH
Motor BLDC motor (800W)
Max speed (km/h) 25
Tire 10-in (tubeless)
Mechyanical braking Dual disk brakes
Electric braking (rear) Cunter—current braking
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Fig. 2. Convolutional neural network structure of
SSD MobileNet object detection model[14]
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Fig. 3. Example of labeling data set
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Fig. 4. Accuracy and loss versus epochs during
SDD-MobilNet model training
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Fig. 5. Safe starting system configuration
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Fig. 6. Electric kickboard with automatic emergence
braking system and safe starting system
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Table 2. Electric braking performance test results

Vehicle speed Braking time Braking distance
(km/h) (s) (m)
10.0 4.0 5.6
15.0 5.0 1.1
20.0 5.6 12.9
25.0 6.0 14.6
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Fig. 7. Obstacle detection test examples: drain
cover, vehicle and bump

Table 3. Obstacle detection performance test results

Speed range Class Detection rate |Distance to obstacle

(km/h) (%) (m)
Car 100 9.7

10-15 Bump 100 5.6
Drain cover 72 1.5

Car 92 9.3

15-20 Bump 76 5.0
Drain cover 52 0.3

Car 90 7.9

20-25 Bump 67 2.8
Drain cover 20 0.3
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