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Abstract

Estimating the risks on the roadway using surrogate safety measures (SSM) has an advantage in that it focuses on the
vehicle trajectory directly involved in conflicts. On the other hand, there is a restriction on estimating the risks of
continuous segments due to the limited data collected from a location. To overcome the restriction, this study presents the
scheme of acquiring the vehicular trajectory using real time kinematics - differential global positioning system
(RTK-DGPS) and develops a methodology which contains the considerations of the problems to calculate the SSM such as
time-to-collision (TTC), deceleration rate to avoid collision (DRAC) and acceleration noise (AN). By using the
methodology, this study shows a result from an experiment executed in a section where the variation of vehicular
movement can be observed from several continuous flow roadway sections near Seoul and Gyeonggi Province in Korea.
The result illustrated the risks on the roadway by the SSM metrics in certain situations like merging and diverging,
stop-and-go, and weaving. This study would be applied to relate the dangers with characteristics of drivers and roadway
sections, and prevenst accidents or conflicts by detecting dangerous roadway sections and drivers’ behaviors. This study
contributes to improving roadway safety and reducing car-accidents.
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1. Surrogate Safety Measure (SSM)

1) Time-to-collision (TTC)

Hayward(1972)= TTC Hd< 4802 A8
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2) Deceleration Rate (DR)
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Table 1. Performance measure of data obtaining methods

Performance "
Description
measure
Easiness of No great labour or efforts when obtaining
measuring the vehicle trajectory data

The measured data free from the errors or
defects; the precisely measured data with

Data reliability

less errors
Data reality The measured data contains actual rather
than imaginary, ideal, or fictitious
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Table 2, Data obtaining method comparison

. . point measure continuous measure
scope of vehicles  data obtaining methods : Y - . P ;
easiness reliability reality easiness reliability reality

specified multi simulation 0 0 X 0 0 X
vehicles naked eye X X 0 impossible

video process 0 A 0 X A 0

AGPS 0 A 0 0 A 0

RTK-DGPS 0] 0 0 0 0 0
un-specified multi simulation 0 0 X 0 0 X
vehicles video process 0 A 0 A A 0
Remark - O: very good, A: good, X: bad
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=Rk 7+ 7+ A% 3 7F
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BT U46}22 WHE gz Phe Y wA 17-18 -
o) EPEIC-FEIC FHo2 77 A% 1.39kmel 18:19 1 1
5 7 7 W Alm 9 gt o7deR Tkmd oum ! ! ! :
Data : Expressway traffic accident prompt report, Korea Expressway
19.4719] Aoz} 2AIgE Ao 2 YeRit KICT(2014) Corporation, 2014
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Table 4. The number of accident occurred points in the section
(North Suwon IC-Bugok IC, 2009-2013)

280 282 283 300 303 306 308

e km km km km km km km S
15-16 3 2 1 3 9
16-17 3 1 5 9
17-18 1 1 2 4
18-19 2 2
sum 6 2 1 1 1 1 12 24

Data : Expressway traffic accident prompt report, Korea Expressway
Corporation, 2014
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Figure 1. Experimental vehicle trajectory data
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2) DRAC

o (=)
DRAC= 2% [(x,,xf )— 1]

v;* the i-th vehicle speed (m/s)
x; the position of the i-th vehicle in a

linear reference system (m)
L: the length (m) of the leader vehicle
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Figure 3. TTC value distribution in the experiment section of Yeongdong expressway
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Table 6. TTC statistics during the measurement

North Suwon -

Sort Bugok East Gunpo - Gunpo
mean(sec) 166.89 128.98
std.dev.(sec) 1011.61 164.61
V. 6.06 1.28

std. dev. : standard deviation
c.v. . coefficent of variation

Table 7. Proportion rate of TTC under different criteria

TTC value North Suwon East Gunpo -

(seq) - Bugok Gunpo Remark

0-15 0.18% No Value van der Horst (1991)

0-3.0 050%  MeASUred i ang Graham (1597)
0-4.0 0.86% van der Horst and Hogema (1993)
0-6.0 1.58% Vogel (2003)
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Table 8. TTC value criteria in precedent literature ~ (unit: sec)
Sort Study area Critical value

This Study Expressway 1.5-6.0

Guido et al.(2012) 2-lane road 15

Oh et al.(2007) Expressway 3.0

Vogel(2003) 4-way intersection 2.0, 6.0

Table 9. Proportion rate of TTC value under critical value ~ (unit: %)

Critical Value 1.5s 20s  30s 40s  6.0s
This study 0-0.18 0-0.50 0-0.86 0-1.58
(expressway)
Guido et al.(2012)  3.66-12.83
(2-lane road)

Oh et al.(2007)
(expressway)

0.70-1.47

Vogel(2003) under 0.1-0.3
(4-way intersection) 0.1
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Table 10. Acceleration noise statistics during the experiment

Methodology for Calculating Surrogate Safety Measure by Using Vehicular Trajectory and Its Application
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Figure 4. Acceleration noise value distribution in the experiment section of Yeongdong expressway
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Table 11. Proportion rate of acceleration noise value above
critical value

North Suwon East Gunpo

il - Bugok - Gunpo

Front time above critical 75.2 51.6
vehicle  value (sec)

proportion rate of 427 3.81

time above critical

value (%)
Behind time above critical 146 97.4
vehicle  value (sec)

proportion rate of 8.28 7.19

time above critical

value (%)

Article

Table 12. Deceleration rate to avoid collision statistics during
the measurement

el el = East Gunpo - Gunpo

Bugok
mean (m/s?) 0.063 0.072
std.dev. (m/s?) 1.018 0364
cv. 16.06 5.00
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Figure 6. Driving speed plot(1st trial, for Incheon)
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Table 13. Estimating safety measure (for Incheon)

DRAC
TTC (sec) AN (m/s2) m/s2)
North Suwon -mean 155.78 0.522 0.04
Bugok td.d 9149 075 0.199
(High-risk) ' ' '
CV. 5.87 1.45 4,08
East Gunpo - mean 166.84 0.65 0.07
Gunpo std.dev. 1164.51 0.827 037
(Low-risk)
CV. 6.97 1.26 492
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Figure 8. VDS 5min aggregated data on traffic speed (for
Gangneung, 2014, 12. 23.)
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Table 14, Estimating safety measure (for Gangneung)

TTC AN DRAC

(seq) (m/s2) (m/s2)

North Suwon  mean 256.42 0.66 0.072
EH?;??—?Ek) std.dev. 1713.02 0.89 0.65
CV. 6.68 1.35 492

East Gunpo mean 227.89 0.68 0.064
- Gunpo std.dev. 137205 088 0.23
omiey 602 129 364
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