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ABSTRACT

In recent years, autonomous driving technologies have become a high-value-added technology that attracts attention in the fields
of science and industry. For smooth Self-driving, it is necessary to accurately detect an object and estimate its movement speed in real
time. CNN-based deep learning algorithms and conventional dense optical flows have a large consumption time, making it difficult to
detect objects and estimate its movement speed in real time. In this paper, using a single camera image, fast object detection was performed
using the YOLOV5 algorithm, a deep learning algorithm, and fast estimation of the speed of the object was performed by using a local
dense optical flow modified from the existing dense optical flow based on the detected object. Based on this algorithm, we present a
system that can predict the collision time and probability, and through this system, we intend to contribute to prevent tram accidents.
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Fig. 4. Flow Chart of Acquiring Motion Vector by Optical Flow
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Fig. 5. 1-Dimension Collision Model
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Table 2. Video Information

Category Information

Size 2040x 1086 (=FHD)

Frame rate(FPS) 8 frame/sec

Filming Date 2020.12.11

5m~30m, step : 5m, 3 different
angle except 5m (2 different angle),
total 17 videos

Additional
Information
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Table 3. Object Detection Ratio

Distance of the Object | Direction of the Detection

from Stop Line Object( ") Ratio

0 100%

°m 45 100%

-45 100%

10m 0 100%

45 100%

-45 100%

15m 0 100%

45 100%

-45 100%

20m 0 99.63%

45 100%

-45 100%

25m 0 95.37%

45 100%

-45 100%

30m 0 91.2%

45 90.85%

Detection Rate & FPS
by Weight Model
100 80
80 50
60 0
30
€ 20
20 10
0 o
5m 10m . 15m . Z0m
I 25m . 20m ove r30m=0=FPS5[Avg]
Fig. 7. YOLOv5 Model Comparison
z,
v, = f X O I =< fps (14)

v, = Real Speed of Object(m/s)
s, = Distance between Tram and Object

(5m,10m, 15m, 20m, 25m, 30m,)

f= Focal < ngth(Smm)

C,, = CCD Sensor Width(8.8mm)
I, = = Width(2040px)

I, = Object Width (px)

fps = 30(s"")
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Table 4. Flow Result

Distance of Average Average
the Obiect Direction | Angle of | Motion Vector | Estimated
f S]t of the Motion Magnitude of Speed
IOIEl. op Object(") | Vector in Object in (m/s)
1ne Videos( ") Videos(px)
5 0 146.87 2.23 0.72
" 45 117.16 136 0.44
-45 117.99 1.06 0.69
10m 0 28.76 0.77 0.50
45 85.52 0.49 0.32
-45 16.98 0.72 0.70
15m 0 15.92 0.77 0.75
45 91.95 0.58 0.56
-45 -2.22 1.06 1.37
20m 0 1.45 0.94 1.22
45 25.27 0.49 0.63
-45 -0.03 0.66 1.07
25m 0 3.26 0.61 0.99
45 11.11 0.46 0.74
-45 -0.15 0.53 1.03
30m 0 0.80 0.48 0.93
45 21.21 0.21 0.41
80¢
1807 a o
1807 -

-a0°

Fig. 8. Angle of Motion

person

Fig. 9. Object Detection and Motion Vector
Extraction, Flow Vector Grid
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Fig. 10. TTC, Predicted Collision Point & Warning Message

Table 5. Average Runtime (ms)
Method Min Max Avg
Farnebick 526 571 536
SimpleFlow 2902 3104 2973
Previous Method(2016)[24] 380 600 490
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