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Abstract

The family of traffic simulation methodologies has been widely used and become a common practice in
transportation engineering by offering capabilities to analyze complex transportation aspects. In terms of safety,
the use of microscopic simulation is becoming progressively feasible as well, as several approaches using suitable
methodological frameworks quantifying surrogate safety measures become readily available. The present study
attempts to review the existing literature findings systematically and to further identify road safety assessment
aspects in which traffic simulation is applicable. Through the present systemic review, the schemes of safety
evaluation that traffic simulation can be applied were identified. The trend of past research shows promising
applications of traffic simulation in several pillars & approaches of improving road safety. Hence, developers of
traffic simulation software, practitioners and researchers can be supported in enhancing the existing
microsimulation applications by enabling the acquisition of proactive and reactive surrogate safety measures.
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Iepiinyn

H mpocopoimon g xukhoeopiag éxet ypnoLomomBel evpEmc Kot £yl Yivel KO TPOKTIKY 6TOV oXeSOCUO TV
LETAPOPDV, TPOCPEPOVTAS T dSVVATOTNTA AVAAVGNG TOAVTAOK®V TTLXDV. OGOV apopd TV ac@AAEL, 1 ¥PNON
NG UIKPOOKOTIKNG TPosopoinong kabictatat eniong eQikty|, KabdS S14popes TPOseYYIGELS TOV YPNCLULOTOLOVV
KatdAIAa peBodoroyikd TANICLO KOl TOGOTIKOTOOUY VIOKATAGTATA HETPO OoQiAEl0S KobioTaviol Guesa
SwBéoes. H mapovca perétn emyelpel va eEeTdoel CLGTNUATIKA TA EVPNHOATA TG VRLAPYOoVCaS PiAoypapiog
Kot Vo, TPocdlopicel mepaLTéP® TIG TTUYES ASI0AOYNONG TG 0OIKNG ACPAAELNG, OTIC OMOIEG EVOL EQPOPULOGIIN 1)
TPocopoiwon S KukAopopiag. MéEco 1Tng CLOTNUATIKNAG OVACKOTNGONG TPocsdopiocTnKav T oToryein
agloloynong g oc@dAielog mov pmopel vo epaproctel 1 mpocsopoimon ¢ kvkilopopiag. H thon twv
VILOPYOVCDV EPELVMV ESEIEE VTTOCYOUEVES EQAPLLOYEG TNG TPOCOULOIMOTG TG KUKAOPOPIaG G dtapOPOLS TOUEIS
epevvav PeAtioong g 0d1KNG acQOAElS. ¢ €K TOVTOVL, Ol TPOYPOUUOTIOTEG OVATTUENG AOYICLUKOV
TPOCOLOIMONG, Ol EMAYYEALATIEG GLUYKOW®VIOAOYOL KOL Ol €pguvntég Bo pmopohoov vo evioyOoovV TNV
VILAPYOLG A EPOPHOYN TNG VTTOSTNPILOVTAG TOV VTTOAOYIGUE EUUECMV OEIKTAOV OCOAAELNS.

Aéaig-wierdra: Ilpooopoiwon kvkiopopiag, puxpockoniky mpocopoiwaoy, Odiky acpdleia, AStoloynon
KIVODVOU,
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1. Introduction

Traffic simulation analysis have gained significant traction in transportation engineering, providing
valuable insights into complex transportation dynamics. Specifically, microscopic simulation refers to
the modeling and analysis of individual vehicles and their interactions within a traffic system. It
simulates the behavior and movements of each vehicle, taking into account factors such as acceleration,
deceleration, lane changes, and interactions with other vehicles and infrastructure elements. By
simulating traffic at a microscopic level, transportation engineers can gain a detailed understanding of
the dynamics and potential risks within a road network.

This methodology offers the ability to analyze various aspects of traffic systems, including road safety
as well. More specifically, microscopic simulation has emerged as a feasible approach for evaluating
safety by utilizing surrogate safety measures and methodological frameworks. Surrogate safety
measures are indicators that correlate with the likelihood or severity of crashes, allowing engineers to
assess safety without relying solely on actual crash data. Examples of surrogate measures commonly
used in microscopic simulation include time-to-collision, gap-acceptance behavior and traffic conflicts.
These measures provide valuable insights into potential safety issues and can guide the development of
effective countermeasures.

By employing microscopic simulation, transportation engineers can assess and evaluate safety-related
aspects of transportation systems more effectively. They can investigate the impact of various factors,
such as geometric design features, traffic signal timings, speed limits, and driver behavior, on safety
performance. The ability to simulate high-risk locations and complex traffic scenarios without the need
for real-world crash data is particularly beneficial. This approach allows engineers to identify potential
safety issues proactively, develop targeted interventions, and evaluate their effectiveness before
implementing them on real-road networks.

All these stands as a motivation for the present paper, which aims to emphasize the applications of traffic
simulation on road safety assessment by synthesizing past research findings. This study establishes a
comprehensive understanding of the applications and benefits of traffic simulation methodologies. The
systematic review serves as a valuable resource for transportation engineers and researchers, facilitating
informed decision-making and contributing to the ongoing efforts in improving road safety. Overall,
this comprehensive review paper provides an in-depth analysis of the role of traffic simulation in
evaluating safety, highlighting its importance, feasibility, and applicability in various road safety
assessment aspects. Finally, the present study conducted within the EU PHOEBE project. Its framework
aims to advance the application of traffic simulation tools and road safety assessment to enable transport
planners and managers to fully understand and address the safety implications of changes in road
conditions, mode choice, new modes, road user behaviours and other factors as well as their impacts on
safety.

The paper is organized as follows: in the next section information regarding the studies identification is
presented. Afterwards, the schemes of safety evaluation that traffic simulation is applied are described,
namely conflict-based risk assessments as well as risk assessments for: infrastructure, road type-specific,
urban environments, automated mobility and road geometric configuration. In the next sections,
applications of traffic simulation in road safety assessment while emerging data sources are presented,
concerning studies using automated video image analysis and real-time traffic data. In addition, findings
regarding studies used traffic simulation while incorporating driving behavior are discussed. In the last
section of the paper, key findings and needs are also identified.
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2. Systematic Review Methodology
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Figure 1: Study flow diagram

This paper aims to systematically review existing literature findings to synthesize past research and
identify the road safety assessment aspects where traffic simulation applications prove effective.
Therefore, the systematic review method was performed based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) standard (Moher et al., 2009). The search terms
“road safety assessments” OR “road assessments” OR “safety assessments”) AND “traffic simulation”
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were applied to the Scopus electronic database and the respective records were identified, while no
limits were applied for article type or subject area. The last search was conducted on 22 December 2022.

The study flow diagram is presented in Figure 1. Specifically, the search provided a total number of 126
records. Of these, 40 records were excluded after reviewing both titles and abstracts and it was found
that did not meet the inclusion criteria. In addition, four studies were discarded because the full text was
not available and three additional papers since were not in English. Therefore, the full-text of the
remaining 79 records was examined in more detail and 57 studies were found to meet the criteria to be
included in the systematic review. Two relevant studies were also added by checking the references of
the identified papers and searching for studies that have cited them, resulting in 59 papers in total.

3. Road safety assessment methods

3.1 Conflict-based road safety assessment using traffic microscopic simulation

Traffic simulation methodology has been widely used and become a common practice in transportation
engineering by offering the ability of analyzing complex transportation aspects. In terms of safety, the
use of microscopic simulation (or microsimulation) is becoming progressively feasible as well, as
several approaches using suitable methodological frameworks and tools quantifying surrogate safety
measures become readily available. For this case, the most common technique is the conflict-based
approach that enable transportation engineers to investigate high-risk locations without the need of field
crash data (Ghanim et al., 2020).

One of the most common way to estimate conflicts using microscopic models is the Surrogate Safety
Assessment Model (SSAM) software, a model developed by Federal Highway Administration (Pu &
Joshi, 2008). The software analyzes the vehicle trajectory data and identifies conflicts. Specifically, a
conflict is identified when the Time-To-Collision (TTC) and Post-Encroachment Time (PET) are lower
from preset thresholds, as identified in early studies exploring the possibility of using microscopic
simulation for road safety assessments (Astarita et al., 2011). In addition, the identified conflicts are also
classified into three manoeuver types, namely rear-end, lane change and crossing conflicts based on
conflict angle. A variety of microsimulation studies have been identified conflicts using the SSAM to
evaluate consequences of different transportation planning (Goh et al., 2014; Preston and Pulugurtha,
2021), control policies (Ribeiro et al. 2019; Li and Sun, 2019; Kronprasert et al., 2020; Shahdah and
Azam, 2021), road configurations (Giuffré et al., 2019; Ghanim et al., 2020; Bahmankhah et al., 2022)
as well as transportation innovations (Xin et al., 2019; Mourtakos et al., 2021; Elawady et al., 2022) in
terms of traffic safety.

As mentioned, the microscopic simulation has been extensively used with regards to the surrogate safety
measures evaluation. For this reason, several studies have attempted to examine the validity of the results
derived from microscopic models. Findings from a simulation study indicated a strong relationship
between surrogate safety measures of traffic simulation and real accident data (Ozbay et al., 2008).
Specifically, the accuracy of conflict prediction was revealed when comparing simulated conflicts with
field conflicts (Zheng et al., 2019; Essa and Sayed, 2020). In a different study, So et al. (2015) proposed
an approach of integrating vehicle dynamics models with traffic simulation models aiming in generating
realistic vehicle trajectories, and compared its results with traditional traffic simulation model ones
proving that the proposed approach integrate a stronger correlation with real crashes. Finally, conflicts
derived from microscopic simulation models were also compared to predicted conflicts using statistical
modeling, and it was revealed that the simulated conflict-based method indicated a significant
correlation in the resulting outcomes and had a better performance in identifying high-risk locations (So
et al., 2015).
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Astarita et al. (2020a) proposed a novel surrogate safety indicator founded on vehicle trajectories, while
simultaneously considering roadside objects. The theoretical model is validated through comparisons
between the calculation of surrogate safety measures on trajectories obtained from microsimulation and
crash risk obtained through real crash data obtained by several urban intersection scenarios. Apart from
conflict generation, when the trajectories were overlapping (or close enough), TTC and PET indicators
were also examined, while the authors concluded that a model including mean energy is statistically
equivalent to a collision-based model.

One major limitation of applying traffic simulation in evaluating safety is the absence of complete and
established models for simulating potential crashes. A few studies have attempted to overcome this issue
through proposing alternative methodologies. In particular, Guido et al. (2019) presented some
applications of a new procedure based on potential crash events for evaluating of safety levels in
microscopic simulation models taking into account also potential crashes with road side objects and
barriers. In addition, a similar study conducted by Habtemichael and De Picado Santos (2014) used
simulated conflicts to evaluate odds ratio of crash involvement. Moreover, Shahdah et al. (2014) used
simulated conflicts linked formally to observed crashes to investigate an alternative approach for
estimating Crash modification factors (CMFs). Furthermore, a recent study by Oikonomou et al. (2023)
proposed a methodological framework for estimating crash rates along with network characteristics and
traffic measures using a microsimulation conflict-based analysis. Finally, a validation of estimated
crashes from simulated conflicts showed that crashes were underestimated, nevertheless more accurate
and reliable predicted crashes were derived with a proper simulation network calibration (Zheng et al.,
2019).

3.2 Infrastructure risk assessments

In an earlier study, Gregoriades (2007) proposed a safety prediction early warning system to allow more
time for authorities to react to highly unsafe/risky situations. The aim of the study was to enhance
traditional agent-based simulation with Bayesian Belief Networks (BBN) and, as a result, improve crash
probability predictions. To achieve this, the author exploited real-time observations from a simulated
network, enhanced them with a multi-agent model that provided real-time information on the state of
the network and introduced crash scenarios via Monte Carlo simulation. The BBN model was ultimately
developed by exploiting data including traffic volumes, road network characteristics, weather
conditions, and driving behaviours, among others, and the application was characterized as successful
overall.

Furthermore, Gregoriades et al. (2010) expanded on this research direction with the intent of providing
validation for safety requirements of considered road safety designs of networks. This is achieved once
again by integrating BBN technologies on agent-based simulations. A noteworthy strength of BBN is
that it can be informed by prior knowledge, whether empirical or from estimations based on past
literature. The conditional probability tables exploited by the model were populated by variables that
were significant predictors in correlation with past crash records. The developed Road Safety Analyser
(RoSA\) tool achieved satisfactory performance, though the authors noted that further refinements were
needed.

Regarding particular infrastructure elements, microsimulation models can become increasingly
composite to reflect the element or environment under consideration. Specifically, Tan et al. (2012)
developed a microscopic simulation model to assess the safety of signalized intersections. To create it,
a number of key behavioral aspects of road users were considered, such as the stop—go decision at the
onset of a yellow light, turning paths, turning speeds, start-up response time, and pedestrian gap
acceptance. These aspects were independently developed as simulation sub-models and integrated in
the overall model, while limited validation with a real intersection enhanced by image processing also
took place in the study.
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Other infrastructure elements have been also considered from different scopes, such as by the study of
Testa et al. (2022) who investigated ways to obtain values for structural loads from traffic for the
assessment of bridges. The authors utilized microscopic simulation to obtain OD values in order to
explore the structural safety of bridges, using pay-toll data and regional registration data as simulation
inputs, along with certain assumptions for traffic behavior. While this is not a strictly crash-based or
road safety assessment per se, the traffic simulations employed in this work provided the means of
solving this network-level issue.

3.3 Country or road type-specific methodologies

Using the traffic conflict technique when using microscopic simulation, several safety implications were
evaluated for highways in specific. For instance, a study conducted by Habtemichael and De Picado
Santos (2014) investigated aggressive driving in motorways for different traffic conditions using
simulated conflicts to determine crash-risk, and Post Encroachment Time (PET) and travel time to
determine the severity levels of the expected crashes. A similar study explored freeway interchange
merging areas by obtaining the hourly composite risk indexes as well as developing a multivariate linear
regression model (Li et al., 2016). In addition, a recent study investigated specifically the influence of
the left hard shoulder on the safety of vehicles traveling on multi-lane highways, based on conflict
characteristics under different numbers of lanes (Zhao et al. 2022a). A critical characteristic of freeways
is managed lanes, which can improve traffic mobility and generate revenue for transportation agencies.
Therefore, research also focused on specifying the safest accessibility level and identifying the safest
weaving length near access zones based on simulated traffic conflicts along with a conflict frequency
analysis (Saad et al. 2018). Another relevant simulation study explored the traffic behavior and vehicle
interactions in a road interchange of highway by quantifying the impacts of speed limit variations on
both traffic and safety (Ribeiro et al. 2019). Finally, the impacts of low-speed vehicles on expressway
traffic safety has been also examined and the characteristics of the affected vehicles were defined in a
study conducted by Xu et al. (2022).

Focusing on rural road environments, the potential effects of an overtaking assistant for two-lane rural
roads were identified through a microscopic traffic simulation study by Hegeman et al. (2009),
indicating that a safety improvement can be accomplished without negative consequences for traffic
efficiency and driver comfort.

3.4 Risk assessments for urban environments

The traffic microscopic simulation approach was used on investigating the risk assessment for urban
networks as well. Due to traffic congestion noticed in urban environments, signal setting and multiple
turning-lane assignment at intersections was explored in a microscopic simulation study conducted by
Li and Sun (2019) taking into account road safety based on vehicle conflicts and pedestrian interference.
Another safety issue of urban environments related to driving behavior is that drivers run red traffic
lights at signalized intersections. Therefore, research efforts have been made in order to investigate the
possible causes and effectiveness of countermeasures especially when crash data are not available or
reliable for statistical analysis. Lee et al. (2018) proposed a traffic simulation conflict-based approach
for evaluating the red light running countermeasures and tested the most prevalent scenarios, which
were; increasing the yellow signal interval duration, installing an advance warning sign, and a camera.
Moreover, a different simulation study explored the safety impacts of a protected intersection design for
bicyclists concluding that improves road safety (Preston and Pulugurtha, 2022).

With regards to public transport, a microscopic traffic simulation modeling approach was also adopted
in a study conducted by Goh et al. (2014) in order to quantify the road safety effects of implementation
of bus lanes. On a similar note, Kaparias et al. (2020) wished to extend a previously created predictive
evaluation tool, covering pollution and traffic efficiency, named CONDUITS_DST. The extension

-6-
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aimed to take into consideration correlations of traffic characteristics to road safety indicators. As a case
study, a bus priority signaling system in the city of Brussels was investigated. The simulation models
had been tested based on data from simulation models obtained before and after implementing the
signaling system. Both the segment level and the network level were considered. The authors note a
satisfactory performance for the tool extension, which detected both positive and negative effects of the
public transport priority signaling system integration in the urban center of Brussels.

Olmez et al. (2021) noted the more frequent speeding instances in urban environments. Their study was
thus incentivized to exploit agent-based microsimulation modelling and to correlate collisions with
speeding and traffic density parameters. The authors used autonomous agents to achieve an overall
heterogeneous global sample. In addition, the authors considered the utility of higher traffic density as
a speeding deterrent tool to reduce crashes caused by speeding and thus increase road safety levels. The
study slightly deviates from the literature in a sense that collisions increase disproportionately highly as
traffic density increases at low and modest traffic densities; however, collisions behave more
proportionately after a critical point in mid-range density. Moreover, vehicles adhering closer to speed
limits were found to linearly reduce collisions.

Another study (Petrov et al., 2020) proposed a privacy ensuring emergency vehicle approaching warning
system (PEEV-WS), which was determined as a sub-category of Vehicular Ad hoc NETworks
(VANETS). An interesting subtask involving microscopic simulation was created in order to determine
whether PEEV-WS provided simulated drivers with sufficient reaction times, which was confirmed to
be the case. An earlier study had followed a similar vein, investigating the apriori introduction of
Advanced Driver Assistance Systems (ADAS) through microsimulation (Lundgren & Tapani, 2005).
The authors developed a longitudinal control part of the driving task described by a car-following
microscopic simulation model; they concluded that ADAS-induced behavioural changes are important
to consider while monitoring road safety levels.

3.5 Road safety assessment for automated mobility

Since there is lack of historical generalizable crash data especially in case of high market penetration
rates of Connected and Automated Vehicles (CAVS), microscopic simulation method is considered as
an ideal approach of studying automated mobility impacts on safety. For this reason, research has been
also focused on this direction. In particular, a microsimulation study conducted by Elawady et al. (2022)
investigated the impact of CAVs on intersection traffic safety using the SSAM under different
penetration rates of CAV conditions. Additionally, Jeong and Oh (2017) proposed a methodology to
assess the effectiveness of active vehicle safety systems (AVSSs) that correspond to Level 2 vehicle
automation using a microscopic traffic simulator and SSAM to derive indirect safety measures. A similar
research which focused on validating simulated conflicts, applied SSAM as well, for a case study of
recently developed CAYV application (Essa and Sayed, 2020).

An ongoing challenge facing the entire transport sector is the integration of CAVs together with
conventional, human-driven traffic and Vulnerable Road Users (VRUS) such as pedestrians and cyclists.
Koopmann et al. (2022) sought to investigate this issue by considering an intelligent controller installed
on an urban intersection in a microscopic simulation scenario, which would integrate behavioral traits
of conventional or automated mobility and all other road user types. The developed model featured a
complex architecture per road user category, while also being enhanced by game theory applications to
better express the interactions between road users while negotiating passage through the intersection.
Results are mentioned to be yet preliminary and quite demanding in implementation efforts, with
possible margins in traffic efficiency.

In case of connected vehicles, there is a continuous stream of location data susceptible to tracking
attacks. To that end, a microscopic traffic simulation framework was developed, synthesizing several
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silence-based location privacy schemes by Xin et al. (2019). Nevertheless, there is a critical element
with regards to automated vehicle control systems relying on the use of either onboard range sensors or
vehicle-to vehicle wireless communications, which is the delay in data acquisition. Hence a
microsimulation study by Liu et al. (2006) attempted to assess the safety impacts of delayed information
of intelligent vehicle control system applications and highlighted that the vehicle control systems
operation is significantly affected. Moreover, the steadily increasing of CAV levels is a fact in transit
services as well, and hence insights about transit services safety such as automated point-to-point shuttle
bus services (Oikonomou et al., 2020) and autonomous on-demand mobility services (Mourtakos et al.,
2021) have been also given based on simulated traffic conflicts.

It is worth highlighting that connected mobility might enable the calculations of new indicators, or to
facilitate application opportunities of existing ones, such as the crash potential index (CPI) computed in
a study by Jo et al. (2021) with data that were also compatible with DRAC calculation. Furthermore, as
the traditional surrogate safety metrics have been mostly established for conventional vehicles, there are
many difficulties when they are used for the assessment of automated vehicles. For this reason, proactive
metrics were used instead by Mattas et al. (2019). Specifically, the proactive fuzzy surrogate safety
metric (PFS) and the critical fuzzy surrogate safety metric (CFS) for rear end collisions have been
developed and the results indicated their robustness on evaluating the safety level in the longitudinal
direction. These fuzzy surrogate safety metrics were further used in a different study by Mattas et al.
(2021), in which a fuzzy controller was developed for adaptive cruise control (ACC) and validated using
real-world data and traffic simulation. In addition, the existing models used to simulate vehicular traffic
are considered as not valid to predict traffic flows under increasing amounts of vehicle automation.
Hence in a study by van Lint et al. (2016), an advanced open-source simulation framework named
OpenTrafficSim was proposed, offering the incremental extension of microscopic models with
explanatory mental models, and going one step further for the next generation of traffic simulation
models that are needed in the coming decades.

3.6 Risk assessment of road geometric configuration

Focusing on road design, usually there is a lack of naturalistic driving data, resulting in not reliable road
geometric designs implementation with limited operational and safety performances. In addition, the
identification of the optimum geometric design requires detailed observations and evaluations of
different geometric configurations. The traffic microsimulation method is consider as an ideal method
of this kind of investigations as there is the ability to test different configuration scenarios and evaluate
both safety and performance. Therefore, the microscopic simulation method has been extensively used
to evaluate consequences of different traffic planning and control policies. For instance, several recent
studies investigated traffic operations at roundabouts (Giuffré et al., 2017; Giuffre et al., 2018; Giuffre
et al., 2019; Ghanim et al., 2020; Bahmankhah et al., 2022) by testing different configurations.
Furthermore, another microsimulation study examined impacts of passing lanes as well as merging area
lengths, which represent a critical element in geometric design of passing lanes (Cafiso et al., 2018). In
addition, a research conducted by Appiah et al. (2020) investigated the risk of left-turn crash occurrence
at a signalized intersection using a calibrated traffic microsimulation model.

There are also approaches focusing on particular elements of the road environment, such as the study
by Astarita et al (2020b), focusing on potential conflicts with roadside objects. The authors developed
a dedicated add-on to enable the estimation of new road safety indicators that can be used with Tritone,
Visum and Aimsun, utilizing the ‘Zombie driver’ methodology to assess road safety levels. The core of
the methodology is reported to be based on earlier ideas that include economical assessment of risks
posed by the various roadside objects or obstacles, highlighting dangerous locations as ones with high
crash energy values, such as trees or sharp turns that are potentially hazardous for run-off crash
occurrences.
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4. Road safety assessment and emerging data sources
4.1 Automated video image analysis

Using video data and following the corresponding video processing techniques, the identification of
traffic conflicts is applicable as have been done in many studies aiming to validating conflicts extracted
through traffic simulation (Astarita et al., 2012; Li et al., 2016; Essa and Sayed, 2020) and to investigate
transferability of model parameters (Essa and Sayed, 2015).

4.2 Real-time traffic data

Using highly disaggregated vehicle-based traffic data and exported conflicts from traffic
microsimulation have been also used for estimating real-time crash risk in a study conducted by
Katrakazas et al. (2018). Specifically, the traffic conflicts were derived using the SSAM and three
classifiers (i.e., support vector machines, k-nearest neighbours, and random forests) were then employed
to detect traffic conflict-prone traffic conditions in real-time. The classification results showed that
traffic microsimulation along with conflicts identification from the SSAM could be used in real-time
safety assessment as long as attention will be given to the calibration and validation of the simulation
model.

5. Incorporating behaviour into road assessments

An earlier study endeavored to create what was termed a ‘nanoscopic’ model of driver agent-based
behavior through macroscopic simulation focusing on traffic safety network assessment (Yuhara &
Tajima, 2006). The authors enriched their approach by considering the integration of driver activities to
better validate and approach real traffic conditions. Specifically, the developed simulation models are
assisted by receiving driver intentions as inputs, through real-time adjustments of the steering sub-
system of vehicles. Tapani (2012) investigated the effects of Adaptive Cruise Control (ACC) on
acceleration and deceleration functions of vehicles utilizing driver simulation. Based on the findings, it
is noted that ACC plays a considerable role and lowers acceleration and deceleration rates compared to
non-ACC equipped vehicles, a result which hints positive safety benefits but also contradicts earlier
relevant research. Moreover, the author notes that the effects of ACC systems in vehicles depend largely
on underlying researcher assumptions on driver behavior.

Regarding aggregation approaches, it was determined by Azevedo et al (2015) that calibrations of
driving behaviour models using aggregated data are likely to produce biased detailed outputs. This study
endeavored to reduce the parameters involved in traffic microsimulation calibration mathematically. In
particular, the authors introduced a multi-step sensitivity analysis and exploited both vehicle trajectory
and aggregated traffic data to assess the impact of model parameters uncertainty and different types of
input data on relevant outputs. Crash and non-crash scenarios were also considered. The authors
concluded that multi-step global sensitivity analysis can make calibration much more efficient, and that
calibration of complex driving behaviour models with higher detail can improve replications of more
analytic traffic variables. Moreover, Outay et al. (2021) sought to investigate the behavior of connected
driving devices in extreme weather conditions using agent-based simulation. The study claimed
providing detailed findings on both driving and communication aspects of connected vehicles, as well
as shedding light on the behavior of the transport network under extremely adverse weather conditions.
The authors built a considerably complex microscopic simulation model which requires considerable
computational power. A recurrent theme was again encountered in this study, where agent interactions
with the environment needed to be closely defined, along with the manner in which these interactions
will occur.
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A recent study depending heavily on behavioral aspects is that of Zhao et al. (2022b), who assumed that
collisions are mostly caused by particular driver profiles. The authors used the Next Generation
Simulation (NGSIM) 101 dataset to derive three driver profiles, namely aggressive, inattentive, and
normal drivers. Subsequently, simulation scenarios were tested with varying profile percentages, linking
crash occurrence with the aforementioned driver profiles. The study utilized SUMO Traffic Simulator
and the IDM car-following model, noting that SUMO can detect traffic collisions when front and rear
ends of simulated vehicles show any overlap of their positions. The study delved into crash severity
investigations as well by calculating the speed difference of the colliding vehicles of different driver
profiles. The authors conclude that both aggressive and inattentive driver percentages play a role in
crash occurrence and injury severity levels. SUMO is known to utilize the Krauss car-following model,
which at is core is a safe-distance model. This framework was also used by Sroczynski et al. (2022),
who used a traffic simulator to collect network speed data and to make the analogous speed
recommendations, also in relation to average traffic volume, weather conditions and surface conditions.
A key indicator was determined to be the minimal mean distance of all vehicles, and the equations to
derive the closely related maximum recommended safe speed are similar to those applied in the Gipps
model. In conclusion, the authors advocate in favor of installing adaptive local systems to enforce multi-
stage speed reduction on sections of ‘exceptionally high risk of sudden traffic disruption’ in order to
increase road safety levels; however it should be noted that the study assumed perfect compliance of
simulated drivers against the imposed speed limits.

6. Conclusions

Based on the above findings, it noticeable that various traffic simulation methodologies have been
widely used in transportation engineering not purely aiming to analyze complex transportation aspects
in terms of traffic, as it is already known, but in terms of road safety as well. Specifically, using
microsimulation the road safety assessment is feasible, as several approaches using suitable
methodological frameworks and tools were identified. In addition, it was revealed that one of the most
common technique is the conflict-based approach that enables the investigation of safety without the
need of field crash data, since in many cases there is lack of historical generalizable data.

Despite the significant progress achieved, there is still serious concern regarding road safety assessment
when applying traffic simulation, due to the absence of complete and established models for simulating
potential crashes. Only a few studies have attempted to overcome this issue through proposing
alternative approaches and hence further research is required. Furthermore, in most of the past research
modeling efforts, there is a need for better evaluating the crash data used as well as the corresponding
modeling methods followed (e.g. limited sample size, under-reporting, unreliability are noticing).
Therefore, validation as well as further investigation of past modelling approaches for road safety
assessment is essential.
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