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[Abstract]

In this paper, we proposed a deep learning model based on multi-scale dilated convolution feature fusion
for the segmentation of black ice region in road image to send black ice warning to drivers in real time.
In the proposed multi-scale dilated convolution feature fusion network, different dilated ratio convolutions
are connected in parallel in the encoder blocks, and different dilated ratios are used in different resolution
feature maps, and multi-layer feature information are fused together. The multi-scale dilated convolution
feature fusion improves the performance by diversifying and expending the receptive field of the network
and by preserving detailed space information and enhancing the effectiveness of diated convolutions. The
performance of the proposed network model was gradually improved with the increase of the number of
dilated convolution branch. The mloU value of the proposed method is 96.46%, which was higher than the
existing networks such as U-Net, FCN, PSPNet, ENet, LinkNet. The parameter was 1,858K, which was 6
times smaller than the existing LinkNet model. From the experimental results of Jetson Nano, the FPS of

the proposed method was 3.63, which can realize segmentation of black ice field in real time.
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I. Introduction
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Fig. 1.

Black Ice Road
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Fig. 2. The Module of Black Ice Semantic Segmentation
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II. Related Work

2.1 Image segmentation with convolution network
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Table 1. Experimental Comparison of Segmentation
Accuracy for Classical Network Models

Model Dataset mloU
FCN PASCALVOC 2012 62.2%
U-Net PASCALVOC 2012 72.5%
PSPNet PASCALVOC 2012 85.4%
DeeplabV3+ PASCALVOC 2012 89.0%
ENet CityScapes 58.3%
LinkNet CityScapes 76.4%

III. The Proposed Method
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3.2 Decoder
2 =Roi A YEYIY] iy REe Hx|H
EX o] HES 36x48004

rr

5767682 SUTICE B =R AHgSHE ad 25
2T WAL, 1x19] AES A1gsTo

Ad 2715 7AYoz F9l oo 3x3 le] FAIE 7
224 ol§sle] 54 Bl 371 7191 upjate] o}
S Asgsto] A 3712 F1ed oI,

A B A 218 U, ne 53

A 9ol i 2712 Uehdch. 02H 22014 mi} no]

conv2DTranspose([(3x3),
(m/2,m/2), 2]

conv[(1x1), (m/2, n)]

Fig. 7. Decoder_block(j)

Table 2. Channel sizes of Input and output feature
maps of Decoder Block

Decoder Blocks m n
Decoder Block4 96 80
Decoder Block3 80 64
Decoder Block?2 64 48
Decoder Block1 48 32

IV. Experiment

4.1 Infrared Road Black Ice Dataset
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Fig. 8. The Environment of Taking Images of Infrared Road
Black Ice Experiment

Fig. 9. The Samples of Asphalt Road(Left) and
Cement Road(Right)

Table 3. The Number of Infrared Black Ice Road Image

Type Black Ice Road
Train 697
Val 229
Test 229
Total 1156
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Fig. 10. Examples of Infrared Road Black Ice Image
in Different Cases

4.2 Experiments Environment
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Table 4. Experimental Results for Black Ice Dataset

Model Parameters(KB) mloU
U-Net 31,055 70.15%
FCN8 65,810 89.09%
PSPNet101 134,325 85.85%
ENet 371 94.85%
LinkNet 11,555 95.39%
BINet_P2 492 95.93%
BINet_P3 687 96.16%
BINet_P4 882 96.35%
BINet_P5 1,077 96.39%
BINet_Pé 1,273 96.40%
BINet_P7 1,468 96.43%
BINet_P8 1,663 96.44%
BINet_P9 1,858 96.46%
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Table 5. Experimental Results on Jetson Nano

Model FPS
U-Net 0.24
PSPNet101 0.14
ENet 1.95
LinkNet 3.72
BINet_P2 553
BINet_P3 5.26
BINet_P4 498
BINet_P5 4.64
BINet_Pé6 4.35
BINet_P7 4.10
BINet_P8 3.84
BINet_P9 3.63
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V. Conclusions
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