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2D Attificial Data Set Construction System for Object Detection and
Detection Rate Analysis According to Data Characteristics and
Arrangement Structure: Focusing on vehicle License Plate Detection
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Abstract

Recently, deep learning networks with high performance for object recognition are emerging. In the case of object recognition
using deep learning, it is important to build a training data set to improve performance. To build a data set, we need to collect
and label the images. This process requires a lot of time and manpower. For this reason, open data sets are used. However, there
are objects that do not have large open data sets. One of them is data required for license plate detection and recognition.
Therefore, in this paper, we propose an artificial license plate generator system that can create large data sets by minimizing
images. In addition, the detection rate according to the artificial license plate arrangement structure was analyzed. As a result of
the analysis, the best layout structure was FVC III and B, and the most suitable network was D2Det. Although the artificial data
set performance was 2-3% lower than that of the actual data set, the time to build the artificial data was about 11 times faster
than the time to build the actual data set, proving that it is a time-efficient data set building system.

Keyword : deep learning, Data labeling, artificial data set, Synthetic data set, Object Detection
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Table 2. Artificial Number Plate Image Layout Structure
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No.1 1 2 3
Type CB (Car Bumper) FVC_I (full view of the car) FVC_II
Image
expla Combined the bumper and Combined entire image of the car and Combined of the entire image of a car with
nation artificial license plate artificial license plate a size variation and an artificial license plate
No.1 5 6
T Cl (Car Image) Rl (Real Image)
RN
Olm|]|
It is an artificial license plate combined . .

expla . B . Combined real car image and )

. with the overall image of a car that varies - Real car image
nation L . artificial license plate

in size and number of vehicles.
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Fig. 1. The four coordinates of the area that is assumed to be the
license plate area
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synthetic license plate creation
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Fig. 2. Proposed system configuration and modules
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Fig. 3. Components for creating artificial license plates
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Table 3. Composite images to create training images

Background images
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Image of cars

Images of each car
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Fig. 4. Experimental environment for performance evaluation of artificial license plate data set
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Fig. 5. Video1 detection result using Yolo v3 network
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Fig. 6. Video2 detection result using Yolo v3 network
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J2! 7. Yolo v3 WEYIE 0|23} Video3 ZE At
Fig. 7. Video3 detection result using Yolo v3 network
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Fig. 9. Video5 detection result using Yolo v3 network
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Fig. 11. Video7 detection result using Yolo v3 network
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Fig 8. Video4 detection result using Yolo v3 network
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Fig. 10. Video6 detection result using Yolo v3 network
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Table 4. Detection results using artificial license plate data

HE 24

video layout Method (mAP 50)
structure yolo v3 SSD D2Det M2Det RefineDet
CB 37.76 48.2 54.3 35.57 48.05
FVC_| 82.73 74.8 64.8 51.6 80.74
Video 1 FVC_II 67.43 71.3 80.5 68.18 87.61
- FVC_IlI 79.54 70.7 87.2 80.10 81.30
Cl 88.22 85.2 89.9 86.86 86.22
RI 89.19 87.69 92.8 88.59 87.85
CB 52.28 50.9 61.9 53.79 36.30
FVC_| 89.91 77.0 70.5 69.4 90.39
Video 2 FVC_II 87.66 78.4 79.7 82.70 90.79
- FVC_IlI 89.07 71.4 89.6 91.95 92.63
Cl 93.75 91.7 82.6 95.02 84.87
RI 93.45 92.88 88.72 96.44 91.65
CB 7 36.1 10.8 1.30 59.14
FVC_| 31.34 24.9 5.4 2.6 38.58
- FVC_lI 15.22 23.2 63 26.83 44.08
Video_3 =
- FVC_lII 51.19 27.3 79.5 37.61 65.05
Cl 84.7 65.2 87.1 63.54 80.54
RI 82.6 71.66 86.45 69.87 85.42
CB 15.51 29.8 11.6 2.6 44.28
FVC_| 30.47 16.4 4.4 6.3 36.63
Video 4 FVC_II 19.51 215 414 28.48 36.29
- FVC_IlI 40.08 31.3 67.9 48.1 59.01
Cl 722 59.1 68.0 41.15 65.69
RI 74.1 62.4 70.56 52.14 70.12
CB 11.82 48.6 12.2 1.43 68.28
FVC_| 46.53 40.5 6.1 8.2 62.7
Video 5 FVC_II 27.5 33.3 65.68 48.32 65.62
- FVC_IlI 55.42 374 85.4 64.59 71.02
Cl 76.08 65.7 87.2 68.46 81.9
RI 75.25 67.55 90.1 70.34 84.62
CB 3.01 29.7 1 0 46.12
FVC_| 8.2 3.6 0 0 275
. FVC_lI 16.42 8.6 46.8 38.14 45.07
Video_6 =
- FVC_lII 69.98 491 89.5 54.25 7411
Cl 97.67 68.2 83.7 33.85 74.05
RI 96.48 74.81 84.55 31.48 75.61
CB 9.53 32.5 3.9 247 41.1
FVC_| 27.35 241 1.0 4.1 32.68
. FVC_II 23.35 16.3 43.2 44.71 32.31
Video_7
- FVC_llI 66.13 35.0 85.9 69.51 69.64
Cl 88.04 63.8 83.9 76.55 73.36
RI 89.57 64.15 88.04 78.24 77.21
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Table 5. Comparison of the proposed method with the existing method

Video
Method layout structure > : : : : > >
Video_1 Video_2 Video_3 Video_4 Video_5 Video_6 Video_7
T. Bjorklund 28.4 33.8 8.4 7.25 10.92 0 1
J. Ha(CCPD) 74.2 80.1 751 56.4 83 78.4 78.2
J. Ha(BDD) 36 47.2 10.14 9.8 15.1 0 1
D2Det
S. Kim 54.3 61.9 10.8 11.6 12.2 1 3.9
Our(FVC_III) 87.2 89.6 79.5 67.9 85.4 89.5 85.9
Our(Cl) 89.9 82.6 871 68.0 87.2 83.7 83.9
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