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The road network represents a fundamental component of a city's
infrastructure, catering to the needs of its populace. The design and
provision of an efficient urban transportation network wield a direct
influence on the quality of services demanded by users and
concurrently serve as a linchpin for advancing other infrastructure
development. Given this context, a pivotal requirement emerges to
formulate inclusive urban networks that systematically incorporate
critical medical components within their design. A salient observation
lies in the fact that the foundation of city road network design
predominantly revolves around enhancing the travel time for
transportation network users, while other aspects, notably user
safety, have been overlooked. The primary hurdle in road network
design revolves around discerning the optimal choice for improving
the network taking into account the numerous constraints embedded
in the problem. Typically, this challenge is addressed through a dual-
level model, where the lower level grapples with the intricacies of
traffic flow assignment, and the upper level navigates the complexities
of determining the most fitting network enhancement option, guided
by the objective function of travel time. To address the identified gap,
this study integrated indicators and models for accident prediction
and to investigate the safety impact, the problem was solved in the
Sioux Falls network. The answer to the Sioux Falls problem in
LeBlanc's classic study is 10110. However, with the inclusion of the
accident index of intersections and nodes, the answer to the problem
was completely different.
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EXTENDED ABSTRACT

Introduction

Urban roads, as components of a smart network, have the task of providing facilities to
different users. The design of urban road networks has always been considered a significant
issue in the studies of researchers in the field of road and transportation engineering. The
design of this network should be such that users have the highest level of satisfaction from
the available services. The main focus of this issue is to reduce travel time for users. At the
same time, less attention has been paid to the issue of user safety. The loss of 1.3 million
people per year in the world and more than 16 thousand people in 2021 in Iran shows the
urgency of this issue. The network design problem seeks to allocate limited resources for
network development. This problem is considered a two-level model. The high-level
problem (leader level) provides the optimal network design and the allocation problem is
solved at the low level (follower level). It is noteworthy that the high level of the problem is
generally a single factor and safety issues have not been investigated. Similar studies have
dealt with the issue of equality being added to the model including the design of the
horizontal and vertical justice network, network design with equity-based pricing strategy,
and the role of environmental considerations in network design. In the present study, the
impact of lighted intersections on the safe design of urban road networks was studied by
entering the accident index.

Methodology

The network design problem strives to identify the most optimal scenario by taking into
consideration the constraints associated with the problem. Typically, this problem is solved
using a two-level form. The network design problem is solved at the top level, known as the
leader level, while the assignment problem is addressed at the bottom level, referred to as
the follower level. The discrete network design problem aims to achieve the most optimal
assignment of limited resources for network development and improvement. This is
accomplished by selecting the optimal links from a set of candidate links.

Results and discussion

The estimation of the number of accidents at intersections based on the allocated flow
rate in the Sioux Falls network problem is presented in the main text. It is clear that in
general, the number of accidents estimated is higher in the case without lights. The data
tables are for 19 nodes and for 32 states considered in the Sioux Falls network problem in
LeBlanc's study. The important point is that the answer to the Leblanc problem in the Sioux
Falls network is equal to a unique answer and equal to the 10110 scenario. In other words,
in LeBlanc's problem, choosing among the 5 candidate projects of Steph, the answer to the
problem is equal to the implementation of the first, third, and fourth projects. The focus of
the LeBlanc problem and, in general, the classical problems of solving the network is to find
the optimal situation of the problem with a focus on reducing the travel times of road users
in the system. The answer 10110 in the LeBlanc problem also means that by implementing
this scenario, the network is in its best condition to provide travel time-based services to
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users. To investigate the impact of safety in this study, the scenario of lighting intersections
in the network was followed. The estimated number of accidents at node number 24 in the
Sioux Falls network in the illuminated state in scenario 00000 is equal to 129 accidents. The
number of accidents met in this node in scenario 00100 is equal to 149 accidents. This
means that if the implementation of third projects improves the network in terms of travel
time of road users, it will also increase the number of estimated accidents in the network.
On the other hand, for example, in node number 9, if no project is implemented, the
estimated number of accidents is equal to 230, while in the case of scenario 10110, the
number is reduced to 198. The results of selected scenarios are presented in Table 1.

Table 1. Results.
Rownumber Node Scenario Rownumber Node Scenario

1 8 11001 11 12 10010
2 11 00000 12 14 01000
3 15 01100 13 17 10100
4 16 00010 14 18 10111
5 20 10111 15 19 10100
6 22 00010 16 21 00100
7 3 10100 17 23 00101
8 4 10101 18 24 00100
9 5 01010 19 9 01001
10 6 10001

Conclusion

The results obtained and presented in the previous section indicate that changing the
type of intersections in a node in the network and changing its safety status causes a change
in the answer to the network design problem. Therefore, it can be said that lighting the
nodes of a network has a direct impact on determining the best options for network
development. The answer to the problem in the case of lighting the intersection number 8
is equal to 11001. In this case, to ensure safety-based system optimization, the
implementation of the first, second, and fifth projects is selected, not the 10110 scenario of
the LeBlanc problem. The answer to the problem in the mode of lighting node 11 is equal to
00000, or in other words, the option of not executing any project. First, it seems that to
improve the network, projects must be implemented by applying the economic costs of
building improvement projects. This is the default for classic time-travel mode. It can be seen
that by developing the concept of network design and including safety components, it can
find a more comprehensive answer to the problem or even prevent additional costs that
seem to improve.
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