Crash Risk Monitoring Method for Highways in Rain Conditions
Minggang Liu'-2, Jiuping He?3°, Shiyu Liu?3 ¢, and Feng Zou" ¢
Sichuan Communication Surveying and Design Institute Co., Ltd., China;
°The Engineering Design Academy of Chang’an University Co., Ltd., China;

3Chang’an University, China.
2834225869@qq.com, ® 624239763@qq.com, ¢470718414@qq.com, 447115583@qqg.com

Abstract. The slick road surface during rainy days necessitates an increased braking distance,
posing prominent safety hazards for driving. Consequently, this paper researched on the monitoring
method of collision risk posture of highway in rainy days. The impact of rain on the driving risk of
vehicles is mainly the braking distance. In this paper, the ratio u, defined as the quotient of stopping
sight distance (S;) and the spacing (S;) between the front of a trailing vehicle and the rear of a
leading vehicle, was adopted as the collision risk assessment metric. Employing the Expressway
A-Rain segment from the Citysim dataset as the subject of investigation, traffic risk probability
statistics diagrams and heatmaps had been generated. The results showed that the ratio y>1 has
accounted for nearly 10% of the roadway, the traffic risk of this roadway is high, and the risk is
mainly distributed on the middle lane of the freeway and entrance ramp.
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1. Introduction

Expressway is an important infrastructure serving urban transport needs[1], which plays an
important role in the development of the country and the region. However, while the rapid
development of transportation networks has brought immense socio-economic benefits, the traffic
accident rate remains stubbornly high. Traffic crashes on expressways are one of the world's largest
public health problems[2], and the risk of highway collisions during rainfall is particularly acute.
Therefore, accurate monitoring of the collision risk posture of highways under rainfall weather is of
great significance for preventing traffic accidents and ensuring driving safety.

Hwang et al [3] found that rainfall leads to a significant increase in the accident rate based on the
different characteristics presented by highway accidents under both normal and rainfall weather
conditions. Agarwal M et al.[4] found that water slide is one of the main factors affecting the high
risk of traffic accidents in rainy days. Sherretz L A et al.[5] found a positive linear relationship
between rainfall and the number of traffic accidents by studying traffic weather data for seven cities,
including Southern Illinois. Jackson T L. et al.[6] analyzed the traffic accident data and geospatial
data in previous years, and obtained the correlation between rainfall and collision accidents. Zhang
M et al.[7] evaluated the traffic operation of several cities in China by using the data of traffic
operation and rainfall in previous years, and the results showed that the traffic operation of 13 cities,
including Chongqing, was significantly affected by rainfall. Burchett[8] studied 16,533 accidents
that occurred on a two-lane rural highway in Kentucky in one year, of which 3,785 accidents
occurred in rainy weather. And a linear relationship was found between pavement skid resistance
and traffic accident rate by function fitting. Numerous scholars have analyzed the correlation
between rainy days and traffic accidents, but have not studied traffic accidents caused by abnormal
parking on rainy days.

In view of this, this paper proposed a method for monitoring traffic risk situations on
expressways during rainfall to effectively monitor the collision risk associated with abnormal
stopping on expressways under rainy weather conditions. The approach was grounded in ensuring
adequate stopping sight distance for safety, utilizing the ratio of stopping sight distance to actual
vehicle distance as evaluation index for traffic risk. Furthermore, a traffic risk heatmap was adopted
as a representation of traffic risk postures. This method aims to provide a real-time and effective
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solution for monitoring the collision risk situation on expressways. Ultimately, the weaving
segment in the CitySim dataset was selected for case verification and analysis.

2. Methodology

2.1 Calculation of Braking Distance

The sight distance is divided into parking sight distance, overtaking sight distance, meeting sight
distance and identification sight distance. The highway adopts the driving method of divided lanes
in different directions. There is no need for meeting and overtaking in opposite directions, so
drivers should meet the requirements of stopping sight distance when driving on the highway.

Stopping sight distance ( SSD ) refers to the shortest driving distance required for the driver to
stop safely before reaching the obstacle from the moment he sees the obstacle in front of the vehicle
at a certain speed. The stopping sight distance consists of two parts, including the driving distance
and braking distance of the driver during the reaction time, which are calculated according to
Formula(1).
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Where v denotes vehicle speed(km/h); f; is the longitudinal friction coefficient, depending on the
speed and road conditions; ¢ is the driver 's reaction time(s), take 2.5 s, including judgment time 1.5s,
running time 1.0s.

2.2 Crash Risk Assessment Indicators

When the distance between the front vehicle and the rear vehicle is less than the stopping sight
distance, if the leading vehicle brakes suddenly, the following vehicle may not have sufficient
braking distance to stop, posing a certain risk of rear-end collision. Especially under rainy weather
conditions, the road surface becomes wet, resulting in a decreased friction coefficient. Compared to
dry road conditions, vehicles require a longer braking distance to ensure the need for safe stopping.
Therefore, from the perspective of safe stopping sight distance, this paper selects the ratio p,
defined as the quotient of stopping sight distance (S;) and the spacing (S) between the front of a
trailing vehicle and the rear of a leading vehicle as an evaluation index for collision risk. As shown
in the following equation.

p= @

S =x -x, (3)
Where S;is stopping sight distance(m); S, is the spacing between the front of a trailing vehicle and
the rear of a leading vehicle(m); x; is the coordinates of the front end of the rear car; x;is the coordinates
of the rear end of the front car. The greater the i value, the greater the risk of collision. When u < 1,
it is considered that there is no security.

2.3 Risk Situation Representation

Assume that the leading vehicle Car 2 stops abnormally due to vehicle failure at time ¢ as shown
in figurel. The distance between Car 1 and Car 2 is S,, and the stopping sight distance of Car 1 is S;.
When §; > S, the driver of Car 1 has insufficient reaction braking distance and will collide with
vehicle 2.
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Fig. 1 Illustration of Abnormal Parking Lot Scenarios

3. Results

3.1 Data Collection and Preprocessing

Citysim is an open vehicle trajectory data set based on UAV aerial photography. It records
detailed driving data, vehicle data and trajectory information of vehicles passing through specific
road sections within a certain period of time, including vehicle ID, vehicle position coordinates,
driving lane and driving speed, etc. The base data used in this paper is the Expressway A-Rain
(Weavir;g Segment) roadway in the Citysim dataset, and the study roadway is shown in Fig.2.

—_—
—

Fig. 2 Study Section

A detailed description of the main variables of the raw data for the Expressway A-Rain
(Weaving Segment) section is shown in tablel.

Name Description Unit
Frame number of the vehicle waypoint captured at 30 frames
frameNum
per second
Vehicle unique identifier that remains consistent for all
carld . . L
vehicle waypoints across the entire video
carCenterX | Pixel x-coordinate of vehicle bounding box center point Pixel
carCenterY | Pixel y-coordinate of vehicle bounding box center point Pixel
headX Pixel x-coordinate of vehicle bounding box front center point Pixel
headY Pixel y-coordinate of vehicle bounding box front center point Pixel
tailX Pixel x-coordinate of vehicle bounding box front center point Pixel
tailY Pixel y-coordinate of vehicle bounding box rear center point Pixel
speed Pixel x-coordinate of vehicle bounding box front center point M;}Ifilger
laneld Waypoint lane number according to the supplementary lane
map

Table 1. Raw data description

It should be noted that the abscissa X of the vehicle trajectory data is the positive direction of the
vehicle 's driving direction, and the ordinate Y is the positive direction of the change from the inner

lane to the outer lane. The length unit of the original data is ' foot '. In this paper, it is converted
according to 1 foot = 0.3048 m, so that the length unit of each variable is represented by 'm'.
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3.2 Collision Risk Evaluation

In this section, we draw the probability map and cumulative frequency distribution map of the
ratio p of stopping sight distance S; to the spacing (S;) between the front of a trailing vehicle and the
rear of a leading vehicle. It can be seen that the proportion of the ratio x> 1 is close to 10%, and the
traffic risk is large.
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Traffic risks in rainy weather conditions

Fig. 3 Traffic risk probability statistics

3.3 Visualization of Results

Fig.4 shows the collision risk situation of the study section. It can be seen that the collision risk
of the middle lane and the entrance of the expressway is higher, and the collision risk of the outer
lane is lower.

Fig. 4 Traffic risk distribution heat map

4. Conclusion

This paper took the Expressway A-Rain (Weaving Segment) section of the Citysim data set as
the research object, and used u as the evaluation index to analyze the traffic risk. The main
conclusions are as follows:

The roadway has close to 10% of the cases ¢>1. When p>1 §; is greater than S, , and collisions
are prone to occur.

Traffic risks are primarily located in the middle lane of the freeway and on entrance ramps.
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