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Recognizing the fact that historical crash data cannot sufficiently reflect the risk level of target
intersections, some traffic safety researchers proposed using various Surrogate Measures of
Safety (SMoS) from either roadside video records or simulation results for estimating near-
crash conflicts and performing safety assessments. Along the same line of research but taking
advantage of the high-quality Drone-based Image-recording Data (DIRD), this study presents
a new effective surrogate variable, named “Extra Brake Required to Avoid a Crash” (EBRAC),
which offers a convenient, reliable, and direct tool for traffic professionals to perform the same
analyses and risk rankings for resource allocation.

This study aims to develop an effective SMoS with high-quality data from drones, based on the
time-dependent acceleration information associated with lead-and-following vehicles that are
difficult to collect in practice. The proposed EBRAC can be defined as “the difference between
the actual brake rate of the following vehicle and its minimum required deceleration rate to
avoid a crash (DRAC) with the leading vehicle” and can be computed by the equation:
|os|* = (vl cos(8 r-61))>
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Where b;, v;, 6; are vehicle’s magnitude of deceleration, velocity (in 2-dimensional vector),
and angle measured from the primary axis, respectively, either for leader or follower, i = {I, };
and Av and D are velocity difference (in vector) and the nearest distance, respectively, between
the pair of vehicles being studied.

EBRAC = by —

EBRAC, featuring its use of high-precision time-varying braking rate information uniquely
available from the DIRD, has reflected the collective impacts of all crash-prone contributors
attributed from driving behaviors and an intersection’s overall operational environments.
Hence, after proper field calibration, the proposed method based on EBRAC is directly
applicable for estimating near-crash conflicts at other intersections in the same region without
further adjustment, or employment of various statistical techniques to integrate the information
from multiple SMoS.

The effectiveness of the proposed method with the new safety surrogate has been evaluated
with field data from five intersections and 20 approaches. The most suitable parameter value to
define the safety threshold is -3.0 (ms2) for EBRAC. The threshold value implies that the event
at an intersection should be considered a near-miss if the deviation between the anticipated-safe
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and actual deceleration executions by a driver in the crossing trajectory exceeds the threshold
of 3.0 (ms), as shown in Table 1.

Table 1 Calibration and application of EBRAC

Threshold of EBRAC with DIRD

Background

-3.4 m/s? -3.0 m/s? -2.6 m/s?
Approach-based Assessment
Pearson Correlation Coefficients 0.894 0.897 0.881
(P-value) (<0.001)*** (<0.001)*** (<0.001)***
Intersection-based Assessment
Pearson Correlation Coefficients 0.946 0.986 0.928
(P-value) (0.015)* (0.002)* (0.023)*

Note: One to three asterisks denote statistically significant at 0.05, 0.01, and 0.001, respectively.

To show that DIRD’s high-quality data is not the sole contributor of the high correlation, this
study also analyzes the data with the proposed and state-of-the-art SMoS models. Indeed, the
Bivariate EVT and Multistep Integration have shown high correlations of SMoS with the
number of crashes, ranging from 0.686 to 0.830. The proposed EBRAC with DIRD can further
improve such correlations to 0.897 and 0.838 for linear Pearson Correlation and Spearman Rank
Correlation Coefficient, respectively, as shown in Table 2.

Table 2 Ranking Performances under the approach-based assessment

Measure of Bivariate EVT Multistep Integration Proposed
Effectiveness (Zheng et al., 2019) (Ismail et al., 2011) EBRAC with DIRD
Pearson C_or_relatlon 0.702 0881 0.897
Coefficient
(P-value) (<0.001)*** (<0.001)*** (<0.001)**=*
Spearman Rank

Correlation Coefficient 0.686 0.830 0.838

(P-value) (<0.001)*** (<0.001)*** (<0.001)***

This study has demonstrated the DIRD’s potential in performing SMoS-based risk assessment.
The high-quality drone-based acceleration information associated with intersection crossing
vehicles can be embedded in the proposed SMoS, to enhance the assessment reliability of
EBRAC. Future research along this line includes: 1) enhancing the proposed EBRAC with
DIRD by taking advantage of more aspects of driving behavioral data (e.g., lateral acceleration),
and 2) constructing a traffic control module based on EBRAC to proactively improve
intersection safety.
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