
Case Study
§ the proposed EBRAC with DIRD

was evaluated by a set of
intersections, its performance
was also compared with two
benchmark models for the
analysis and ranking of the
intersection risk assessment

§ The threshold of−3.0𝑚/𝑠2 for
EBRAC has the highest
statistically significant correlation
coefficient in the approach-based
assessment.

Estimating Intersections’ Near-crash Conflicts with 
the Drone-based Image-Recording Data (DIRD)

Abstract
§ The information from historical crash data cannot sufficiently reflect

the risk level of target intersections.
§ Apply various safety surrogates from either roadside video records

or simulation results for estimating near-crash conflicts and performing
safety assessment.

§ By taking advantage of the high-quality Drone-based Image-recording
Data (DIRD),

§ 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.

§ The proposed new surrogate variable, featuring its use of high-
precision time-varying braking rate information uniquely
available from the DIRD, has fully reflected the collective impacts of
all crash-prone contributors attributed from driving behaviors and
intersections’ overall environments.

§ EBRAC is directly applicable for estimating near-crash conflicts at
other intersections

§ without further adjustment or employing other advanced statistical
techniques to integrate the information from multiple safety
surrogates.

§ The effectiveness - evaluated with field data from 5 intersections and
20 approaches; the results confirm that its performances, evaluated
with two popular statistical tests, are either comparable to or better
than the two state-of-the-art methods.
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Generation of DIRD
Field Data Collection
§ Drones shall be deployed above the intersection with an angle greater

than 45 degrees and the height capped by 400 ft (121.9m).

Data Digitalization
§ The data is digitalized with 1) vehicle type; 2) time-dependent position

of vehicles; 3) time-dependent speed of vehicles; 4) vehicle’s time-
dependent tangential acceleration rate; and 5) vehicle’s time-
dependent orientation. The sampling frequency of the video image is
30 (fps) with an increment of 0.0334 (sec).

Frame IDOrientation 
(rad)Time (s)Tan_accel

(m/s-2)Speed (m/s)Y-coordinate
(m)

X-coordinate
(m)TypeTrack ID

66984.6254223.490-0.510621.59034332159328060.8Car151
66994.6256223.523-0.563421.572244332159328060.8Car151
67004.6261223.557-0.581221.5534332158328060.7Car151
67014.6262223.590-0.573721.533574332157328060.7Car151
67024.6267223.623-0.546721.514724332157328060.6Car151
…………………Car151
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Conflict Course Identification
§ Such two vehicles, at time 𝑡, are on a

collision course when there is a line
connecting the following and the leading
vehicles parallel to their relative velocity
(∆𝒗!) if both vehicles do not change their
velocities.

Extra Brake Required to Avoid a Crash (EBRAC)
§ 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:

𝐸𝐵𝑅𝐴𝐶 =
min{𝑏! −

𝒗𝒇
#
− ( 𝒗𝒍 cos(𝜃! − 𝜃%))#

2 𝒗𝒇 ×
𝐷
∆𝒗

, 0} if TTC < 𝑇′

0 o.w.

Where 𝑏" , 𝑣" , and 𝜃"  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={𝑙, 𝑓}; and ∆𝒗 and 𝐷 are velocity difference (in vector)
and the nearest distance, respectively, between the pair of vehicles being studied.

Intersection

Crash Frequency (# crashes/year)

Overall
Approach

From 
North

From 
South

From 
East

From 
West

US301@Billingsley Rd. 0.747 0.473 0.395 0.491 0.195

US301@Harbour Way 0.489 0.276 0.539 0.448 0.091

MD118@Wisteria Dr. 0.308 0.303 0.206 0.203 0.211

MD3@MD424 0.637 0.462 0.520 0.196 0.341

MD198@MD650 0.328 0.182 0.156 0.220 0.311

Background Threshold of EBRAC with DIRD
-3.4 m/s2 -3.0 m/s2 -2.6 m/s2

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)*

Background
Bivariate EVT
(Zhang et al., 

2019)

Multistep 
Integration

(Ismail et al., 
2011)

Proposed
EBRAC with 

DIRD

Intersections

Crash 
Frequency

(# 
crashes/ 

year)

# Crashes 
(hr-1)

Severity Index # of Conflicts 
(hr-1)

US301 @ Billingsley Rd. 8.30 3 40.61 1 703.0 4 44 3
US301 @ Harbour Way 10.20 2 35.91 3 910.8 2 55 2
MD118 @ Wisteria Drive 2.80 5 25.98 5 757.2 3 25 4
MD3 @ MD424 15.40 1 37.80 2 1155.0 1 72 1
MD198 @ MD650 4.60 4 29.86 4 406.2 5 24 5

Pearson Correlation 
Coefficient 0.760 0.811 0.986
(P-value) 0.136 0.096 0.002

Spearman Rank Correlation 
Coefficient 0.700 0.700 0.900
(P-value) 0.188 0.188 0.037• Similar results can be

observed for the
intersection-based
assessment, where the
threshold of −3.0𝑚/𝑠2 yields
the highest correlation
between the crash history
and estimated conflicts.

Approach-based Assessment
Pearson Correlation 

Coefficient
(P-Value)

0.702
(<0.001)

0.881
(<0.001)

0.897
(<0.001)

Spearman Rank Correlation 
Coefficient
(P-value)

0.686
(<0.001)

0.830
(<0.001)

0.838
(<0.001)

DRAC
“rate of deceleration necessary to avoid
collision” (Darzentas et al., 1980)


