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Evaluation Method for Nighttime Visual Space Improvement on Mountain Roads

ZHAO Yan'?,CHEN Yanli', CHEN Jiale'
(1.Xi’an Highway Research Institute Co., Ltd., Xi’an, Shaanxi 710065, China; 2.Shaanxi Transportation Holding Green Science and
Environmental Protection Co., Ltd., Xi’an, Shaanxi 710100, China)

Abstract: To address issues such as poor visual guidance, narrow field of view, and short sight distance during
nighttime driving on mountain roads, this study proposed a visual space enhancement evaluation method
applicable to mountainous roads at night. By integrating active and passive traffic safety facilities, a visual
space enhancement strategy adapted to the nighttime environment of mountain roads was proposed. A
multidimensional evaluation indicator for visual space was established based on co-simulation. The
effectiveness of the strategy was verified from the perspectives of visual space expansion and driving safety
improvement by taking a trunk highway in the Qinling mountainous region as a case study. The results show
that the proposed visual space enhancement measures can significantly increase effective sight distance and
improve driving safety, especially on high-risk road sections such as complex curves and steep longitudinal
slopes, where they can effectively reduce the risk of traffic accidents.
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Table 1 Visual space enhancement strategies for different road types
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Table 2  Nighttime visual space enhancement scheme for test section
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Table 3 Comparison of visual fields before and after

nighttime visual space enhancement on test section

) LR
e FELRES Wi/m  JE/m o BI/%
1 K40-+950 K41-+050 80 170 113
2 K41-+150 K41-+600 70 135 93
3 K41+650 K41+760 40 85 113
4 K41-+950 K42+000 45 120 167
5 K42+ 100 K42+ 200 165 205 24
6 K42+ 350 K42-+410 140 150 7
7 K42+530 K42-+550 100 120 20
8 K42-+660 K42-+680 45 100 122
9 K42+680 K42-+750 55 130 136
10 K44-+550 K44-+620 150 190 27
11 K45-+700 K45+920 85 140 65
12 K46+ 960 K47+4120 165 300 82
13 K47-+120 K47+ 210 80 80 0
14 K48-+450 K48-+720 165 450 173
15 K49+750 K49-+900 165 245 48
16 K50-+050 K50-+100 85 250 194
17 K50-+250 K50-+350 65 105 62
18 K50-+600 K50+700 60 110 83
19 K50-+910 K51+030 60 125 108
20 K51+120 K51+ 600 70 135 93
21 K51-+700 150 170 13
22 K52-+150 K52-+300 165 200 21
23 K51-+950 K51+975 165 180 9
24 K52-+300 K52-+350 165 250 52
25 K52-+350 K52+450 165 275 67
26 K52-+650 K52-+700 165 200 21
27 K52+650 K52+ 750 165 190 15
28 K52-+300 K52-+350 165 275 67
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Figure 3 Visual field enhancement across road sections
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Table 4 Simulation data sample
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Table 5 Deceleration values

i 28 42 4> Gk / BATH A5 (km o b D) R AYBGEE/(m o+ s~ %)
(km+h™") 60 70 80 90 110
20 1.10 1.36 2.20 2.91 4.50

30 0.93 1.33 2.00 2.70 4.30

50 0.40 0.75 1.40 2.10 3.66
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Figure 4 Emergency braking frequency in SSAM simulation
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Figure 5 Number of lane change conflicts in SSAM simulation
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