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Abstract

In domestic tunnels, it is mandatory to install CCTVs in tunnels longer than 200 m
which are also recommended by installation of a CCTV-based automatic accident
detection system. In general, the CCTVs in the tunnel are installed at a low height as
well as near by the moving vehicles due to the spatial limitation of tunnel structure, so
a severe perspective effect takes place in the distance of installed CCTV and moving
vehicles. Because of this effect, conventional CCTV-based accident detection systems
in tunnel are known in general to be very hard to achieve the performance in detection
of unexpected accidents such as stop or reversely moving vehicles, person on the road
and fires, especially far from 100 m. Therefore, in this study, the region of interest is set
up and a new concept of inverse perspective transformation technique is introduced.
Since moving vehicles in the transformed image is enlarged proportionally to the
distance from CCTYV, it is possible to achieve consistency in object detection and
identification of actual speed of moving vehicles in distance. To show this aspect, two
datasets in the same conditions are composed with the original and the transformed
images of CCTV in tunnel, respectively. A comparison of variation of appearance
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speed and size of moving vehicles in distance are made. Then, the performances of the object detection in distance are
compared with respect to the both trained deep-learning models. As a result, the model case with the transformed
images are able to achieve consistent performance in object and accident detections in distance even by 200 m.

Keywords: Tunnel CCTV-based accident detection system, Inverse perspective transform, Perspective, Trans-
formed image, Deep learning
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Fig. 1. Real coordinate system and image coordinate system in virtual tunnel model
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Fig. 2. Condition for setting a region of interest in the tunnel CCTV image
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Run inverse
perspective
transform

(@) Tunnel CCTV image that (b) Transformed image before crop
ROl was set Set square-shape Rol

Crop

(c) Transformed image before crop (d) Transformed image
that rectangle ROl was set

Fig. 3. The process of obtaining a transformed image
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Fig. 4. Experimental conditions divided according to the ROI set in the tunnel CCTV image
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Fig. 7. Comparison of the object width and height of the single vehicle as the real position was changed
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Table 1. Deep learning dataset status for each case

Experiment case Dataset type Experiment section Number of images Number of car objects
Train - 421 1,387
Section 1 58 111
Section 2 55 87
Case 1 -
Test Section 3 63 83
Section 4 70 92
Total 106 373
Train - 421 1,387
Section 1 59 104
Section 2 63 91
Case 2 -
Test Section 3 62 83
Section 4 67 95
Total 106 373

ded R4l sfolmutatn]e] o] -9, Sk5-&(Learning rate)=0.0001, 2| 543ol| thgh vi2]| 37| (Batch size)
1, 3535 (Epoch) = 100.0 2 427510 Sl5-2- 71385190t SHda A58 5050 2 4)% ResNet (Resi-
dual network)< AF8-5FthHe et al., 2016).
T3 A A stEglo] 9 AT E o] 2742 AMD RYZEN 1800X, NVIDIA GTX 1080TI 11GB A%
7H AH3FE|2} Python 3.7, Tensorflow 1.15.5 HZ AT EQJo|g oy Rdlo] 5155 ZI3¥s3ict.
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Table 2. AP value result and the rate of change according to the inference by section of the deep learning model
for each case in the test dataset

Experiment case Category Section 1 Section 2 Section 3 Section 4
Case 1 AP value 0.9737 0.9153 0.8169 0.8595
Rate of change 0.00% -6.00% -16.10% -11.73%
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