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SAFETY IMPACTS OF THE ACTUATED SIGNAL CONTROL
AT URBAN INTERSECTIONS

ABSTRACT

To reduce travel time, the actuated signal controls have
been implemented at urban intersections. However, the
safety impacts of actuated signal controls thus far have rare-
ly been examined. In this assessment of the safety impact
of urban intersections with semi-actuated signal controls,
the safety performance functions and EB approaches were
applied. The semi-actuated signal controls have increased
injuries and total crashes in all crash types by around 5.9%
and 3.8%, respectively. Regarding the most common crash
types, such as angle, sideswipe & rear-end, and head-on
crashes, semi-actuated signal controls have been seen to
decrease injuries by 7.7%. Total crashes have been reduced
by over 9.2% through the use of semi-actuated signal con-
trols. This may be result of optimal signal timings consid-
ering traffic conditions during peak time periods. In conclu-
sion, safety impact factors which have been established in
this study can be used to improve safety and minimize travel
times using semi-actuated signal controls.
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1. INTRODUCTION

Since the 1970s, with an increase in traffic de-
mands and the extended urban sprawl, the number of
vehicle crashes has been rapidly rising in Korea. Each
year, more than 220,000 crashes occur on public
roads and over 340,000 people are injured. Addition-
ally, more than 5,000 people lose their lives in road ac-
cidents. Due to the steady increase in traffic, a higher
number of vehicle crashes occur in urban areas, par-
ticularly at urban intersections. In Korea, around 45%
of all vehicle crashes occur at urban intersections.
Vehicle crashes associated with urban intersections
cause 47% of injuries and 28% of deaths out of all ve-
hicle accidents.

Over the last decades, the transportation en-
gineers have been struggling to solve urban traffic
problems, such as traffic congestion and poor traffic
safety. However, these problems are often conflicting,
as a faster flow of traffic means an increase in driv-
ing speed, which can lead to an increase in vehicle
crashes [1]. For improved travel time and traffic safety,
new technologies, such as red light camera and actu-
ated signal control, have been implemented at urban
intersections. Generally, the actuated signal controls
are classified into two systems: the fully-actuated and
semi-actuated signal control. The actuated signal con-
trol is recognized as the appropriate method for isolat-
ed intersections where traffic demands and patterns
vary. The semi-actuated signal control is used mainly
at isolated intersections located in major arterial and
minor arterial crossings. In Daejeon metropolitan city,
the fifth most populated city in Korea with approxi-
mately 1.5 million residents, the semi-actuated signal
controls have been mainly implemented at urban in-
tersections to improve the travel time. Daejeon was
the first city designated for the pilot project involving
the implementation of advanced transportation sys-
tems, such as ITS (Intelligent Transportation System)
in 2000. Daejeon was used as a pilot project to gain
accurate data for the analysis of safety impacts of
semi-actuated signal controls.

Over the last decade, a number of studies conduct-
ed in many different cities and countries around the
world have concentrated on assessing the safety im-
pact of red light camera. However, the effectiveness
analysis of actuated signal control at urban intersec-
tions has not been attempted. Many studies have
been carried out to optimize signal timing or to study
the effectiveness and efficiency of signal operation.
However, these studies do not necessarily account
for the safety impacts of the actuated signal control.
This study focuses on the analysis of safety impacts
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of semi-actuated signal controls in Daejeon using EB
(Empirical Bayesian) approaches.

With the current practice, various methods and
models have been developed for the safety assess-
ments of urban intersections. However, only a few stud-
ies have been conducted to analyze the safety impacts
of urban intersections with actuated and semi-actuat-
ed signal controls. To overcome the limitations of ob-
taining information regarding the relationship between
the implementation of actuated/semi-actuated signal
controls and vehicle crash frequencies, useful meth-
ods and models should be benchmarked and applied
to assess the safety impacts. This assessment uses
various qualitative and quantitative methods. For in-
stance, Young et al. (2009) introduced safety impacts
for an incident reduction function into an actuated sig-
nal controller using a discrete event traffic micro-sim-
ulation model. The study results show that this tech-
nique can reduce vehicle crashes by 22% and red light
violations by 6% [2]. Li et al. (2010) developed multi-
nomial logit models to estimate the crash likelihood of
safety impacts of signal coordination and other road
and traffic variables. This study focused on particular
crash types, such as rear-end and right-angle colli-
sions, as well as crash severity affected by signal coor-
dination [3]. Yun et al. (2011) conducted comparison
analysis of the safety impact of fixed-time signal con-
trol, fully actuated signal control, and semi-actuated
signal control using the Surrogate Safety Assessment
Model based on the conflict theory developed by FHWA
[4]. Kim et al. (2002) carried out the enhancement of
actuated signal control safety to minimize the dilemma
zone using Volume-Density control, R-detector, and EC-
DC Control. It has been concluded that the appropriate
strategies result in minimized dilemma zones to im-
prove intersection safety [5].

Regarding modelling safety performance functions,
many statistical methods have been used, depending
on the factors such as traffic volume and geometric
information as well as other characteristics of urban
intersections. Lord et al. (2000) developed an acci-
dent prediction model (APM) with an application of
generalized estimating equations (GEE) that incorpo-
rates trends in accident data. The accident prediction
model reflects the variation in accident occurrences
from year to year [6]. Ma et al. (2006) developed mod-
els of injury count by severity using a type of multivar-
iate Poisson specification which can be estimated in
a Bayesian framework using Gibbs Sampling [7]. Per-
saud et al. (2002) demonstrated the complexity of cal-
ibrating macroscopic accident prediction models for
urban intersections. These models were used in the
Empirical Bayesian methods which can examine the
actual accident experience of a specific intersection
and compare it to the expected safety performance of
similar intersections (compared groups) [8]. Heydeck-

er et al. (2001) and Miaou et al. (2003) analyzed traf-
fic safety on roads and intersections using Empirical
Bayesian methods with crash frequency data [9, 10].
Additionally, Miaou et al. (2003) compared the Empir-
ical Bayesian methods and Full-Bayesian methods for
modelling traffic crash-flow relationship for intersec-
tions [10].

2. METHODOLOGY

2.1 Steps of proposed study methodology

The proposed methodology for the analysis of safe-
ty impacts at urban intersections with semi-actuated
signal controls in Daejeon comprises three steps: i)
Data processing from scattering sources to estimate
the safety impacts of intersections with semi-actu-
ated signal control using geometric information and
crash data of relevant intersections, ii) Development
of SPFs (Safety Performance Functions) using data
from intersections without fully and semi-actuated sig-
nal controls implemented, and iii) EB analysis of the
effectiveness of urban intersections with and without
semi-actuated signal controls before and after the im-
plementation of semi-actuated signal controls at inter-
sections.

The EB approach for analysing the safety impacts
of urban intersections with semi-actuated signal con-
trols is carried out in two steps: i) Estimating EB adjust-
ed crash frequencies for semi-actuated signal control
implementation before and after the implementa-
tion periods, and ii) Quantifying the safety impacts of
semi-actuated signal controls by crash severity (injury
and fatality).

2.2 Development of safety performance
functions

2.2.1 Consideration of SPF models

SPFs are defined as statistical models for the pre-
diction and explanation of vehicle crashes that use
variables related to vehicle crash frequency. SPFs can
be developed in comparison groups using geometric,
vehicle crash, and traffic volume data from urban in-
tersections without semi-actuated signal control, and
they can be used for EB analysis. SPF models are also
determined by the characteristics of dependent and
independent variables, which may affect vehicle crash
frequency. Previous studies regarding vehicle crash
modelling have suggested that Poisson and negative
binomial models have been used for modelling with
discrete variables, such as vehicle crashes [11, 12,
13, 14, 15]. Linear models of vehicle crashes may
not show statistical significance, due to vehicle crash
data, which is non-negative and discrete in nature.
With linear models, the statistical assumption that the
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impacts of urban intersections with
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Figure 1 - Proposed methodology

error terms (residual) of vehicle crash data are typical-
ly normally distributed, is not satisfied [16].

The Poisson model assumes that crashes occur-
ring at a particular urban intersection are independent
of one another and independent of the mean number
of crashes per unit time in the characteristics of a giv-
en intersection and of other intersections with similar
properties. The general equation of the Poisson proba-
bility function and the mean are given by:

P(Y=y)= ﬂyel ’ .
i =exp(Bo+ " Bixs) @

where B is the vector of coefficients (B, B,,---» B,); ¥; IS
the observed vehicle crash count at intersection i; and
Ji is the expected number of crashes at intersection i.

The value of B that maximizes the log likelihood
function is the estimated coefficient vector § and the
estimated value of i, is the expected vehicle crash fre-
quency.

However, the Poisson regression model has a very
strict assumption that the variance of the dependent
variable is constrained to be equal to the mean of the
dependent variable. If the data are over-dispersed
(i.e., if the variance is greater than the mean), then
the coefficient vector  will be biased. Even though the
Poisson Regression model has this limitation, it is still
the basic model to determine vehicle crash frequency
and it has many applications [17, 18].

To overcome the limitations of the Poisson regres-
sion model with over-dispersed data, the negative
binomial regression model can be used to develop
vehicle crash frequency models. The negative bino-
mial regression model is considered as a generalized
form of the Poisson regression model, since it has the
same mean structure as the Poisson regression model
and has an extra parameter to model over-dispersion.
The negative binomial model and the variance of the
negative binomial model are formulated as follows:
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Rl

I +y,
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INEI B 1T(d+au .[1_ 1+(Z/Jfl (4)
Var(y) = (1 +aw,) )

where o is the over-dispersion parameter estimated by
the maximum likelihood technique and ' is the gamma
function.

The negative binomial regression model is estimat-
ed using the standard maximum likelihood method by
applying the likelihood function. The negative binomial
regression model is presented as follows:

LL(B®) =2 [, log(1 +a-j)]-log(1+a-y) +
+y-log - (yi+ ab)log(l+a - ) -log(y! 6)

where o is the over-dispersion parameter; 3 is the
vector of coefficients (B, B-.., B,); ¥; is the observed
crash count at intersection i; and y; is the expected
number of crashes at intersection i.

The selection of the Poisson regression model and
the negative binomial regression for vehicle crash
modelling depends on the statistical significance of
the over-dispersion factor. If the over-dispersion fac-
tor is not significantly different from zero, the Poisson
model is considered to be the correct choice. If the
over-dispersion factor is greater than zero, then the
negative binomial model is considered to be appropri-
ate method for modelling the vehicle crash frequency.

2.2.2 Considering zero inflation

The crash data may have a large number of obser-
vations with zero crash occurrences. In fact, many in-
tersections experience zero vehicle crashes in a given
year. In these cases, the zero inflated Poisson model or
the zero inflated negative binomial model can be used
to develop the vehicle crash frequency model [11, 17].
These zero inflated models estimate two crash models
simultaneously, the count model and the zero count
model. The basic zero inflated concept is shown as fol-
lows:

v { 0 with Probability p;

P(Y=y;) with Probability 1 - p;
Additionally, the zero inflated Poisson model is given
by:

P(Y=0)p:+(1-p)e™ (8)

(7)

P(Y=Yr7é0)=(1‘pf)

while the zero inflated negative binomial model is giv-
en by:

l}/re'#y

o 1|
P(Y=0)= pf+(1-pf)[ml (10)
P(Y =y # 0)
_ I
=(1-p) [

! 1]

In this study, model forms both with or without zero
crash inflation are investigated in the Poisson regres-
sion model and the negative binomial regression mod-
el. The collected geometric information, vehicle crash-
es, and traffic volume data of urban intersections
without semi-actuated signal controls in comparison
groups are reflected in these models.

2.2.3 SPF model validation

In previous studies, the modelling processes using
the Poisson and the negative binomial model were
accomplished using NLOGIT econometrics software
[19]. The NLOGIT software yields estimates of the co-
efficients as well as the standard errors for each coef-
ficient from which the p-values and t-statistics can be
computed. The likelihood ratio test is a common test
used to assess two competing models [17]. Additional-
ly, R-square of the Poisson regression model and R,
square of the negative binomial regression model can
be computed to fit each test in an accurate manner. In
addition, in order to consider a more detailed model
validation, Akaike Information Criterion (AIC), Bayes-
ian Information Criterion (BIC), and Vuong Test can be
checked.

2.3 Safety impact analysis from EB approaches

2.3.1 Computation of EB adjusted crash
frequencies for the period prior to the
implementation

To predict vehicle crash frequency at urban inter-
sections with semi-actuated signal controls for the
period prior to the implementation, the EB adjusted
crash frequency, which resolves the regression to the
mean problem for the period prior to the implemen-
tation, needs to be estimated to carry out the anal-
ysis [18, 20, 21, 22]. The typical EB adjusted crash
frequency model for the period prior to the implemen-
tation is demonstrated as:

EBB=W'P5+(1'W)'OB (12)

where EB, is the EB adjusted crash frequency in n
years for the period prior to the implementation; w is
the computed weight factor; PB is the number of pre-
dicted crashes for the period prior to the implementa-
tion, as stated by the SPF model; and Oy is the total
number of observed crashes in n years for the period
prior to the implementation.

The weight factor w for a targeted intersection can
be established based on the over-dispersion parame-
ter determined in the process of calibrating the SPF,
as follows:

~ 1
EETIPRT DN (13)
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where «a is the over-dispersion parameter for crash fre-
quency per year; P, ; is the predicted crash frequency
for the intersection in year n for the period prior to the
implementation; and n=1, 2,..., N.

2.3.2 Computation of EB adjusted crash
frequencies for the after the implementation
period

In the EB approach process, the EB adjusted crash
frequency for the period prior to the implementation
can be used to predict an EB adjusted crash frequency
for the after the implementation period if semi-actuat-
ed signal controls in the targeted intersections are not
implemented in the after the implementation period.
The computation needs to consider mainly the chang-
es in average annual daily traffic (AADT) at the inter-
section between before and after the implementation
periods. The EB adjusted crash frequency model for
the ‘after implementation period’ is defined as,

::1 (AADTm,majar + (AADTm.minor)
Z:=l (AADTn,major + (AADTn,minor)

where EB, is the EB adjusted crash frequency for the
period prior to the implementation; EB, is the EB ad-
justed crash frequency for the after implementation
period if the implementation of semi-actuated signal
controls has not been implemented; and AADT, ...
and AADT, inon AADT o AADT, o @re the annual
average daily traffic at the intersection of major and
minor legs for the before and after implementation pe-

riods, respectively.

EB. = EBs- (14)

3. SAFETY IMPACTS OF SEMI-ACTUATED
SIGNAL CONTROL

3.1 Data collection and processing

The EB approach, which is the proposed method-
ology, was applied using the data on urban intersec-
tions with and without semi-actuated signal control in
Daejeon collected from 2007 to 2012. This section
discusses the calibration of SPF for injury crashes as-
sociated with urban intersections and EB analysis for
safety impacts of semi-actuated signal controls.

To develop the SPF models, this study obtained the
data from 37 urban intersections without semi-actuat-
ed signal control in Daejeon for the period 2007~2012

from available databases provided by Daejeon Metro-
politan City, Daejeon Metropolitan Police Agency and
the Road Traffic Authority. The data from intersections
have been maintained for up to six years. The summa-
ry of urban intersections without semi-actuated signal
controls used for SPF calibration is shown in Table 1.

To develop SPFs, first geometrics, vehicle crash-
es, and traffic volume data from urban intersections
as comparison groups should be appropriately classi-
fied into the dependent (response) and independent
(explanatory) variables. In this study, the number of
vehicle crashes per intersection per year in terms of
crash severities (injury and total) is the dependent
variable for SPF modelling. Factors that may affect ve-
hicle crash frequencies, such as AADTs (the number
of vehicle entering intersections), land usage, speed
limits, traffic islands, the number of lanes in each leg,
median barriers, cross walks, left and right turn pock-
ets, auxiliary lanes, and front traffic signals that have
been implemented at the entrances of intersections
due to the large intersection size, and the like, are in-
dependent variables.

3.2 SPF calibration

The calibrating of SPFs in this study follows typi-
cal steps comprised of variable choices, SPF model
choice, and model validation. First, a preliminary data
analysis was conducted to obtain the distribution of
independent variables and to identify variables, which
may affect the occurrence of vehicle crashes at urban
intersections. Second, the SPF model was formulated
by adding each independent variable in a stepwise
manner to test the effects of variables in vehicle crash-
es. Subsequently, the SPF model validation tests were
conducted. Finally, SPFs at urban intersections were
calibrated for injury crashes (injury A and injury B) and
total crashes (all injuries and fatalities).

As with calibrating SPFs for urban intersections
without semi-actuated signal controls, the Zero In-
flated Poisson Regression with normal heteroscedas-
ticity was formulated as the most accurate model of
SPFs for injury and total vehicle crashes. These cal-
ibrations indicated that many intersections showed
no occurrence of vehicle crashes for the study period
and no apparent over-dispersion. For SPFs for both in-
jury crashes and total crashes, the major road AADT,

Table 1 - Total number and crashes at urban intersections without semi-actuated signal control

Intersection 2007 2008 2009 2010 2011 2012
Numbers 37 33 29 28 28 28
Fatal Crashes 6 2 3 3 5 4
Injury A (Serious Injury) 102 92 98 69 82 79
Injury B (Slight Injury) 157 143 125 149 159 194
Total 265 237 226 221 246 277
Promet - Traffic&Transportation, Vol. 28, 2016, No. 1, 31-39 35
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number of lanes, speed limits, left turn pockets and
front traffic signals were found to be significant.

To validate the calibrated SPF models, McFadden
Pseudo Rp2, which represents the fit of SPF models,
was computed, with the value of 0.701 for injury
crashes and 0.705 for total crashes. This means that
the calibrated SPF models were statistically significant
for vehicle crash frequencies at urban intersections
without semi-actuated signal controls.

3.3 Estimation of safety impacts of semi-
actuated signal control

Since 2004 only 38 semi-actuated signal controls
have been implemented at urban intersections in
Daejeon Metropolitan City. Some of the semi-actuated

signal controls have been operating for over nine years
while others were implemented only recently. Addition-
ally, many urban intersections with semi-actuated sig-
nal controls have shown no vehicle crashes during the
specified study periods. Therefore, the targeted inter-
sections with semi actuated signal controls were classi-
fied according to the implementation date and the num-
ber of vehicle crashes. Consequently, we gathered the
data from 10 urban intersections with semi-actuated
signal controls in Daejeon covering a period of six con-
secutive years (2007~2012) for the analysis of the
safety impact.

The safety impacts of semi-actuated signal control
are evaluated for total vehicle crashes and prevalent
vehicle crash types at intersections, such as angle,

Table 2 - Calibration of SPFs for urban intersections without semi-actuated signal control

Models Coefficients Standard Error P-Value

Constant -6.087 1.162 0.000

Ln(Major Road AADT) 0.662 0.122 0.000

Number of Lanes 0.127 0.048 0.009

Speed Limits 0.009 0.003 0.001

Left Turn Pockets -0.929 0.132 0.000

Injury Crashes Front Traffic Signal -0.550 0.116 0.000

Dispersion 0.503 0.068 0.000

Log Likelihood Function =-783.972

AIC = 4.714BIC = 4.805

McFadden Pseudo R ? = 0.701

Vuong Test = 6.149

Constant -6.163 1.157 0.000

Ln(Major Road AADT) 0.674 0.122 0.000

Number of Lanes 0.121 0.049 0.013

Speed Limits 0.009 0.003 0.001

Left Turn Pockets -0.936 0.131 0.000

Total Crashes Fr-ont Tréffic Signal -540 0.116 0.000

Dispersion 0.503 0.067 0.000

Log Likelihood Function = -787.697

AlIC=4.736

BIC = 4.827

McFadden Pseudo R,> = 0.705

Vuong Test = 6.140

Table 3 - Total number and crashes at urban intersections with semi-actuated signal control
Intersection 2007 2008 2009 2010 2011 2012
Numbers 8 10 10 10 10 10
Semi-actuated signal control implemented 1 9 10 10 10
Fatal crashes 2 1 0 0 2 0
Injury A 8 8 7 4 4
Injury B 19 11 20 21 20 16
Total 29 17 28 28 26 20
36 Promet - Traffic&Transportation, Vol. 28, 2016, No. 1, 31-39




S. H. Lee, D. Han: Safety Impacts of the Actuated Signal Control at Urban Intersections

rear end & side swipe, and head-on crashes [23]. For
each of evaluation of crash types, safety impacts in
terms of percentages of reductions or increments of
injury and total crashes were calibrated for urban in-
tersections with semi-actuated signal control.

As result of EB approaches, Figures 2 and 3 illus-
trate the safety impacts of semi-actuated signal con-
trol for injury and total crashes, respectively, at urban
intersections in Daejeon. The semi-actuated signal
controls could, on the average, increase injury crashes
by around 5.9% for all crash types. However, in three
targeted vehicle crash types (angle, sideswipe & rear-
end, and head-on) with semi-actuated signal controls,
EB analysis results showed different consequences
for all crash types, with a reduction in injury crashes
of over 7.7%. This suggests that semi-actuated signal
controls have positive safety impacts on urban inter-
section in Daejeon.

The semi-actuated signal controls will increase
total crashes by 3.8%, on the average. However, in
specific types of targeted crashes related to urban
intersections with semi-actuated signal controls (in-
cluding angle, sideswipe & rear-end, and head-on), EB
analysis showed different results for all crash types as
same as injury crash results, with a reduction of total
crashes of around 9.2%.

In addition, with EB analysis, each targeted crash
type showed similar results for injury and total crash-
es. In injury crashes, angle and sideswipe & rear-end
crashes were reduced by around 10.9%, respectively,
because of semi-actuated signal controls. Additionally,
semi actuated signal controls could decrease the av-
erage amount of total crashes from angle crashes by
about 13.0%. Moreover, total crashes from sideswipe
& rear-end and head-on crashes affected by semi-ac-
tuated signal controls could decrease by about 9.8%
and 20.2%, respectively. All three targeted crash types
were affected positively and to a great degree more
positively than all crash types. This could be because
signal timings and phases can be provided reasonably
by traffic conditions at each intersection.

10
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Figure 2 - EB analysis results of injury crashes
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Figure 3 - EB analysis results of total crashes
4. RESULTS

This study analyzed the safety impacts for urban
intersections equipped with semi-actuated signal
controls in Daejeon Metropolitan City, Korea. A large
number of previous studies on fully actuated and
semi-actuated signal controls have focused on the
optimization of signal timing and the minimization or
maximization of green times. Only a few studies found
that optimal signal timing with certain techniques or
algorithms can improve traffic safety at urban and ru-
ral intersections. However, it is difficult to provide nu-
merical evidence for determining the safety impacts
of actuated signal controls. Therefore, this study has
conducted practical analysis of the safety impacts of
urban intersections equipped with semi-actuated sig-
nal controls using vehicle crash data from the period
of 2007-2012 as well as EB approaches.

In order to use EB approaches for the safety impact
of semi-actuated signal controls, data collection, data
processing, and preliminary data analysis were carried
out to obtain the distribution of dependent variables
and to identify variables that affect the occurrence of
vehicle crashes at urban intersections. Second, safety
performance functions were established for injury and
total crashes at urban intersections without semi-actu-
ated signal controls, which were used as comparison
groups. This study has shown that the zero inflated
Poisson regression with normal heteroscedasticity was
an appropriate model for both injury and total crashes,
considering factors such as geometrics, vehicle crash,
and traffic volume data. Finally, EB analysis has been
conducted to examine the safety impacts of urban in-
tersections with semi-actuated signal controls.

As the results showed, the semi actuated signal
controls increased injury crashes of all crash types by
around 5.9%. Concerning crash types, such as angle,
rear-end & sideswipe, and head-on crashes, semi-ac-
tuated signal controls decreased injury crashes by
around 7.7%. Similar to injury crashes of the three
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aforementioned crash types, total crashes decreased
by around 9.2% due to the implementation of semi-ac-
tuated signal controls. For each crash type associat-
ed with urban intersections, injury crashes involving
angle, sideswipe & rear-end, and head-on crashes
decreased by 10.9%, 10.9% and 25.1%, respectively,
and total crashes involving angle, sideswipe & rear-
end, and head-on crashes decreased by 13.0%, 9.8%
and 20.2%, respectively. This may be a result of rea-
sonable signal systems considering traffic conditions
and prevention of red light violations. According to the
preliminary data analysis of historical data from Dae-
jeon Metropolitan City, a large proportion of crashes in
urban intersections with semi actuated signal controls
occurred at peak times of the day. Additionally, vehicle
crashes caused by red light violations tended to occur
mainly at an off-peak time of day.

5. CONCLUSION

In this respect, vehicle crash data from urban in-
tersections with semi-actuated signal controls and
vehicle crashes related to red light violations need to
be assessed for the safety impacts associated with
semi-actuated signal control implementations. Ad-
ditionally, considering safety impact factors, such as
AADT, number of lanes, speed limits, left turn pockets
and front traffic signals would help improve safety as-
sociated with semi-actuated signal controls as well as
minimise travel times.

To analyze the safety impacts of semi-actuated sig-
nal control implementations, SPFs need to be devel-
oped using Daejeon metropolitan city data. However,
some important data, such as the number of property
damage only crashes (PDOs), geometric design de-
tails, and other factors affecting safety performanc-
es were not obtained for the purpose of this study.
Therefore, the improved data collection will certainly
enhance the statistical significance of SPFs. Moreover,
the safety impact analysis can be conducted with larg-
er amounts of data and longer historical records of ve-
hicle crashes.
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