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RESEARCH ON ENSURING SAFE AND RELIABLE WINTER ROAD TRAFFIC
SERVICE

Research Period : FY2016-2021

Program Leader : Director of Cold-Region Road Engineering Research Group
MATSUZAWA Masaru

Research Group : Cold-Region Road Engineering Research Group (Traffic Engineering)
Cold-Region Maintenance Engineering Research Group (Road Maintenance
Research)
Director for Cold-Region Technology Development Coordination (Machinery
Technology)

Abstract : Population declines, aging, lack of resources, etc. are a major issue nationwide. The Ministry of
Land, Infrastructure, Transport and Tourism has adopted the basic policy of the formation of a convective
promotion type of land in a new national land formation plan and has proposed compact plus network
structure of regional and national land structures. Therefore, it is becoming more important to secure safe
and reliable road transportation services in winter as well in snowy cold areas. In this research and
development program, we set the following objectives with the program goal as the development of
technology to support safe and reliable winter road traffic service in snowy cold areas.

(1) Development of reasonable winter road management standard setting technology based on cost
effectiveness evaluation

(2) Labor-saving by utilizing ICT in winter road management and development of efficient maintenance
technology for snow removing machine

(3) Development of effective and efficient winter traffic accident countermeasure technology by risk
management

In FY2016, we constructed the estimation method of the winter road environment, developed the
evaluation tool for the cost effectiveness of the winter road management, grasped the relation between the
snow cross sectional area and the snow removal speed. In addition, we analyzed the cognitive / judgment
situation of anti-freezing agent operator, examined the effectiveness of FTA on snow removal machine
deterioration degree evaluation, examined the relation between the road shade time in winter and the
incidence of traffic accidents.

In FY2017, we experimentally created a tool for determining economic losses due to snowfall and the
economic effects of snow removal, verified the applicability of a prediction formula for determining the
cross-section of snow piled on a road shoulder, and designed, constructed, and conducted an experiment on a
support interface for de-icing agent spreading works. We also verified that the quantitative assessment of
the degree of deterioration of snow removal equipment is possible by using fault tree analysis and Weibull
analysis. In addition to the above results, we conducted traffic accident risk assessment by using measured
winter road surface condition parameters.

In FY2018, our research was on the following: (1) clarifying how winter road surface roughness affects driving speed, (2)
compiling definitions for the itemized requirements and developing a process flow for the Planning Support System for Snow
Removal and Hauling Operation, that uses the prediction formula for the cross-sectional area of snow pile, and creating a
process flow for this system, and (3) designing and constructing a support system for deicing agent spreading. Furthermore,
we examined a maintenance and management method that enables flexible decision-making for the preparation and
reallocation of snow removal machinery according to the importance of the routes by setting a target reliability value for each

snow removal machine. We also developed a method for spatially evaluating the accident risk of several types of traffic
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conditions.

In FY2019, we simulated the winter road environment using machine learning, studied an efficiency
improvement of Effective road width measurement data analysis and developed a technology intended to
facilitate the implementation of the snow removal and hauling plans, that used a mathematical formula to
estimate the cross-sectional area of snow accumulation on road shoulders.We also improved the system
designed to assist in the application of deicing agents. In addition, we experimentally diagnosed the severity
of deterioration in snow removal vehicles using equipment capable of detecting residual stress by measuring
changes in magnetic field intensity. We also estimated the cost of implementing preventative measures when
the anticipated probability of snow removal machinery failure is revised. Finally, we estimated and
evaluated the benefits of our risk management scheme: route guidance services using information on winter
road accident risks.

In FY2020, we developed a tool to support decision making for winter road management based on cost
effectiveness, modeled the relationship between the snow piling area and traffic performance, and estimated
the cross-section of snow piled on a road shoulder while verifying its applicability based on meteorological
data and snow removal and hauling operations. We also improved a support system for deicing agent
spreading and conducted verification of and interviews on its effectiveness in actual practice, examined a
diagnostic method by verifying the relationship between the measurement of magnetic fields using a
self-magnetic field measurement-type residual stress detector and the load on each section, examined traffic
demand management based on traffic accident risk information, and created a prototype traffic accident risk
management tool.

In FY2021, we improved the cost-effective decision-making support tool for winter road management work,
Then, we have developed a "snow removal work plan support system" that has the functions of displaying
the effective width of the road, automatically calculating the snowfall cross-sectional area prediction formula,
and reflecting the heavy snow forecast. In addition, an automatic antifreeze spraying system was developed
for antifreeze sprayers and snow removal trucks, and was introduced on a trial basis by the 8 Development
and Construction Departments of the Hokkaido Development Regional Bureau of the Ministry of Land,
Infrastructure, Transport and Tourism. Furthermore, we summarized the method of identifying the
deteriorated part by the amount of change in the magnetic field strength, and created a simple snow removal
machine deterioration degree evaluation tool that can calculate the reliability and evaluate the deterioration
degree at the site. The traffic accident risk management tool has been reconstructed as a traffic safety
diagnosis support tool by adding the functions of a site checklist, an accident countermeasure menu, and a

check sheet that summarizes countermeasures for each accident type.

Key words : winter road management, service level, snow removing machinery, traffic accident risk, ICT
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30% 530 265 265 530 265 265 30% 100.00%  50.00% 100.00%  50.00%
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40% 519 262 257 500 260 240 40% 98.87% 50. 48% 98. 11% 52.00%
50% 427 230 197 321 181 140 50%  86.79%  53.86%  68.30%  56.39%
60% 190 119 Al 78 48 30 60% 44.91% 62. 63% 18.11% 61.54%
70% 19 17 2 1 1 0 70% 6.42%  89.47% 0.38% 100.00%

80% 0 0 0 0 0 0 80% 0. 00% 0. 00%

90% 0 0 0 0 0 0 90% 0. 00% 0. 00%

100% 0 0 0 0 0 0 100% 0. 00% 0. 00%

-22-



14 RETEREOEVERHEREY —EXADERICET 5H1%K

#-13 {BIEIE 3 RHETILHEIL—F—

EOHEICHTHHERERNT 25 HERENESE L FRE
EESRE LTS WI-EE EBELYIINER BERE BB
AMIz£? | BERE | BBE |Alckd | BBE | BEFRE cHMshiBR | cHEMShi-ER
¥ (after) | (before) F| b (after) | (before) Recal| |Precision| Recall [Precision
0% 1,298 649 649 1,298 649 649 0% 100.00% 50.00%| 100. 00% 50. 00%
10% 1,279 648 631 1,281 646 635 10% 99. 85% 50. 66% 99. 54% 50. 43%
20% 1,145 645 500 1,194 641 553 20% 99. 38% 56. 33% 98. 77% 53.69%
30% 1,009 638 3N 1,034 624 410 30% 98.31% 63. 23% 96. 15% 60. 35%
40% 888 615 273 828 590 238 40% 94.76% 69. 26% 90.91% 71. 26%
50% 778 5717 201 667 520 147 50% 88.91% 74.16% 80.12% 717.96%
60% 633 502 131 528 451 77 60% 77.35% 79. 30% 69. 49% 85. 42%
70% 458 393 65 391 356 35 70% 60. 55% 85.81% 54.85% 91. 05%
80% 215 195 20 232 226 6 80% 30. 05% 90. 70% 34.82% 97.41%
90% 47 4 6 53 51 2 90% 6.32% 87.23% 7. 86% 96. 23%
100% 0 0 0 0 0 0 100% 0. 00% 0. 00%
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AIZ&? | BEFRE | BEE |Ac&s | BEE | BEFRE SasiE sy || S IEE
FI| iy (after) | (before) 1| ip (after) | (before) Recall | Precision| Recall [ Precision
0% 530 265 265 530 265 265 0% 100.00% 50. 00%| 100. 00% 50. 00%
10% 530 265 265 530 265 265 10% 100. 00% 50. 00%| 100. 00% 50. 00%
20% 530 265 265 530 265 265 20% 100. 00% 50. 00%| 100. 00% 50. 00%
30% 530 265 265 530 265 265 30% 100. 00% 50. 00%| 100. 00% 50. 00%
40% 530 265 265 515 257 258 40% 100. 00% 50. 00% 96. 98% 49. 90%
50% 510 263 247 361 205 156 50% 99. 25% 51.57% 77.36% 56. 79%
60% 344 198 146 70 53 17 60% 74.72% 57. 56% 20. 00% 75. 71%
70% 67 49 18 1 1 0 70% 18. 49% 73.13% 0.38% 100.00%
80% 0 0 0 0 0 0 80% 0. 00% 0. 00%
90% 0 0 0 0 0 0 90% 0. 00% 0. 00%
100% 0 0 0 0 0 0 100% 0. 00% 0. 00%
£-16 EEE2 RAETILERL—F—RFvF) O F-17 {BIEMR 2 RAETIL (GERAIL—
BEFRE LTS N-EE EBIE LTI IN-ER BETE EEE
Aizk? | BEFRE | BBE Ak | BBE | BERE Sl || Sl
Fil (after) | (before) Fi| B (after) | (before) Recall |Precision| Recall | Precision
0% 1,298 649 649 1,298 649 649 0% 100.00%  50.00% 100.00%  50.00%
10% 1,177 645 532 1,276 646 630 10%  99.38% 54.80%  99.54%  50.63%
20% 1,063 643 420 1,193 640 553 20% 99. 08% 60. 49% 98.61% 53. 65%
30% 043 624 319 1,073 632 441 30% 96.15% 66.17%  97.38%  58.90%
40% 826 600 226 888 602 286 40%  92.45%  72.64%  92.76% 67.79%
50% 727 564 163 744 555 189 50%|  86.90%  77.58%  85.52%  74.60%
60% 618 502 116 614 506 108 60%  77.35% 81.23%  77.97%  82.41%
70% 483 412 71 503 443 60 70%  63.48% 85.30%  68.26%  88.07%
80% 268 245 23 356 332 24 80%  37.75% 91.42%  51.16%  93.26%
90% 73 66 7 187 182 5 90%  10.17%  90.41%  28.04%  97.33%
100% 0 0 0 0 0 0 100% 0.00% 0.00%
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