A comparative analysis of different Dilemma Zone countermeasures on signalized intersections’ safety
based on Cellular Automaton Model
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Data Preparation
The data collection took place at a typical four-leg
intersection in Orlando, FL. The data has been analyzed
for driver behavior and red-light running violations in 2010,
where 8 variables were included. Due to the small sample
size of light truck vehicles, data of this vehicle type were
excluded from the database in this study.

The probability that a driver will decide to cross the
intersection is modeled as logistic distribution in Eq. (1),
where g x =0 stands for stopping and g x =1 stands for
crossing:

π x =

Four scenarios were established, which includes the typical
intersection signal, signal with flashing green phases, the
intersection with pavement marking upstream of the
approach, and the intersection with a new countermeasure:
adding an auxiliary flashing indication next to the pavement
marking.

eg x
1+eg x

30,5

=𝛽0 + 𝛽1 𝑥1 + 𝛽2 𝑥2 + 𝛽3 𝑥3 +. … . . +𝛽𝑛 𝑥𝑛

The logistic model is found to be appropriate for the data
(Hosmer-Lemeshow goodness of fit Chi-square =2.7349,
d.f.=8, p-value=0.9499). The ROC area of 0.874 indicated
that 87.4% of (go, stop) pairs of decisions were classified
correctly by the model that means the predictive accuracy
is good.
Four risk situations are analyzed in this study, which
includes slam on the brake, situations caused by stopped
car, non-stopped cars and Red-Light Running Rate (RLR).
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The Logit of the logistic regression model is given by :
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Results and Discussion
The mean speed or standard deviation can influence the
BRAKE & RS2 risk probabilities. The flashing green
countermeasure does not improve safety significantly,
Distinction between the typical intersection scenario and
the flashing green scenario is probably due to the increase
of the indecision period when drivers behave differently.
especially under the situations of high mean speed or low
standard deviation of speed distribution. The rear-end risk
probabilities are even higher than the typical intersection.
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The simulation results suggest that the flashing
green phase measure cannot effectively decrease the
percentage of false decisions by drivers.
The RLR violation is significant when the mean
speed of the leading vehicles is lower than 50mph or
the standard deviation of the speed distribution is high
in the pavement-marking scenario. Thus, a new
countermeasure is proposed. The results show that the
intersection with the new countermeasure has less
rear-end risk situations and rare RLR violations.

Summary and Conclusion
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This research evaluated driver behavior during the yellow
interval at signalized intersections. Based on field data, a
logistic regression model, which is a function of speed,
distance to the stop line and the lead/follow position of the
vehicle, was developed to predict driver stop/go decisions.
Meanwhile, three different simulation scenarios were
established, including the typical intersection signal, signal
with flashing green phases, and intersection with
pavement marking upstream of the approach. The Cellular
Automata (CA) model was employed to simulate the traffic
flow, and the logistic regression model was applied as the
stop/go decision rule. Dilemma situations that lead to rearend crash risks and potential red-light running risks were
used to evaluate the different scenarios. The findings
indicated that the flashing green could not effectively
reduce the risk probabilities. The pavement-marking
countermeasure had positive effects on reducing the risk
probabilities if a platoon’s mean speed was not under the
speed used for designing the pavement marking.
Otherwise, the risk probabilities for the intersection would
not be reduced because of the increase in the red-light
running (RLR) rate. A new measure that adds a flashing
indication next to the pavement marking was proposed.
The simulation results showed that this scenario had less
risky situations than the other scenarios with the same
speed distribution. These findings suggested the
effectiveness of the new countermeasure to reduce both
rear-end collisions and red-light running violations than
other countermeasures.
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 Driver behavior during the yellow interval is influenced
by operation speed, distance to the stop line as well as
lead or follow position in a platoon.
 The mean speed and standard deviation play a
significant role in rear-end crash risk situations.
 The flashing green countermeasure has little influence
on rear-end risk reduction. The pavement-marking
countermeasure can effectively decrease the rear-end
crash risk and improve safety in most situations.
 The flashing green phases cannot reduce the
percentage of false go decisions. The pavement
marking can effectively reduce the RLR risky situations
when the vehicles are approaching the intersection with
high speed and low speed difference with other
vehicles.
 The new countermeasure has the lowest rear-end crash
risks compared with other scenarios with the same
speed distribution, and it has rare RLR violation.
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