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Detecting Hazards on Road Surfaces through Image Enhancement
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Abstract

This study aimed to analyze and improve the problems of the technology in order to advance the
technology for detecting risks on existing road surfaces. As a major achievement, the priority of road
surface risk detection and the low-light image quality improvement algorithm were developed. The image
quality improvement algorithm for low-light images showed a success rate of 95%, which can improve the
identification rate of images that are misrecognized due to problems such as illuminance, clarity, and
brightness. In addition, the production of a prototype was completed, and the Structural Similarity Index
Map verification result showed a refinement success rate of 91%. In the visual verification targeting
experts, it was determined that all images had clear boundaries of identification targets after low-light
image refinement. In relation to securing a learning dataset, which is one of the most important parts of
the Al model, 40,000 learning datasets in low-light situations were created so that they could be used as a
learning dataset. In addition, based on the results of traffic accident analysis and literature review, seven
types of road condition abnormalities affecting road safety were classified, and expert hierarchical analysis
was conducted to select priorities by considering three influencing factors: traffic accident occurrence,
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increased severity, and decreased traffic operation efficiency, so as to minimize the process when detecting

road surface hazards.
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[Fig. 1] Phenomenon of recognition errors due to illuminance and direct light
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[Table 2] AHP Tier 1 classification
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SiMoF StH, AL INE Soff nERYE 224 FHUAM

[H3] AT 1 32 24 21t
able esults of Tier mportance Analysis
Table 3] Results of Tier 1 Imp Analysi

ag Factor 01 Factor 02 Factor 03
= (REALR 73 57h | @BAR MZAE F7h | @E2Y 284 N
Factor 01 1.000 1.020 5.108
Factor 02 0.980 1.000 0.177
Factor 03 0.196 5.654 1.000
Weight 0.590 0.138 0.272
WEAL A= B7tef #E =2 5 20 Oict S2: 24 A1 [# 4]9F 20| ZEZO
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[Table 4] Tier 2 - Results of importance analysis related to increase in number of traffic accidents

Factor 01 Factor_ 02 Factor 03 Factor 04 Factgr 05 Factm:__ 06 Factor 07

£ (EES) (inM Hlagm | (E2E L (HAE | (EAEF | @SAH

=) E3)) L) | MY &Y | BX 24
Factor 01 1.000 4.088 3.563 4.139 1.202 1.641 3.159
Factor 02 0.245 1.000 1.523 6.556 0.495 0.554 5.038
Factor 03 0.281 0.657 1.000 5.286 1.323 1413 4.497
Factor 04 0.242 0.153 0.189 1.000 2.502 3418 2.189
Factor 05 0.832 2.022 0.756 0.400 1.000 2.545 1.282
Factor 06 0.610 1.803 0.708 0.293 0.393 1.000 0.557
Factor 07 0.317 0.199 0.222 0.457 0.780 1.795 1.000
Weight 0.285 0.188 0.167 0.096 0.124 0.088 0.052
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[Table 5] Tier 2 - Results of importance analysis related to increased traffic accident severity

Factor 01 Factor_ 02 Factor 03 Factor 04 Factgr 05 Factm:__ 06 Factor 07
TE geg CEEN | e | EER ) (UEB | @3E: @sod
=) E3)) L) | MY &Y | BX 24
Factor 01 1.000 4.683 2.646 1.126 4.783 1.629 4.734
Factor 02 0.214 1.000 0.564 0.307 1.239 0.578 1.198
Factor 03 0.378 1.773 1.000 0.662 2.778 0.856 2.425
Factor 04 0.888 3.259 1.510 1.000 4.258 1.816 3.463
Factor 05 0.209 0.807 0.360 0.235 1.000 0.487 0.997
Factor 06 0.614 1.731 1.168 0.551 2.055 1.000 2.301
Factor 07 0.211 0.835 0.412 0.289 1.003 0.435 1.000
Weight 0.294 0.073 0.137 0.235 0.059 0.142 0.061
UERY nedet HHE T2 HE 0 S S2E 4 A1} [# 6 20| ZEZ0| Cf
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[Table 6] Tier 2 - Results of importance analysis related to reduced efficiency of transportation operation

Factor 01 Factor_ 02 Factor 03 Factor 04 Factgr 05 Factm:__ 06 Factor 07
TE (ZEE) ‘iﬂ’f*' a2 (=2H st | (BEs+ (_In'.%‘.’_*’.‘i
&4 %) L) | AM &) | BX] &4
Factor 01 1.0000 2.3231 1.8337 3.3532 0.7849 1.8897 3.6236
Factor 02 0.4305 1 1.1317 5.6083 0.4517 0.6537 52131
Factor 03 0.5453 0.8836 1 4.5842 1.6482 2.0164 40112
Factor 04 0.2982 0.17831 0.2181 1 3.5626 41717 2.0533
Factor 05 1.274 221398 0.6067 0.2807 1 2.56 1.2030
Factor 06 0.5292 1.52977 0.4959 0.2397 0.3903 1 0.5053
Factor 07 | 0.27597 0.191824 0.2493 0.48703 0.83124 1.97911 1.0000
Weight 0.218 0.199 0.196 0.124 0.133 0.075 0.056
[H 7] & M9 M4F 2ot
[Table 7] Results of selecting detection priorities
o L3l X7HSA
7154 0.268 0.175 0.171 0.123 0.117 0.092 0.054
ME=R 1 2 3 4 5 6 7
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[Table 8] Results of performance verification of low-light image refinement algorithm

k| PSNR SSIM

Low-light image refinement algorithm 31.79 0.9473

Retinex enhancement 28.13 0.9153

White Balance Retinex 29.75 0.8873

Gray World Algorithm 27.31 0.7931
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