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Abstract. Cities are faced with such tasks as providing residents with a quality 

infrastructure for life support, public transport, and social infrastructure. In order to 

solve the problems, cities increasingly turn to digital technologies, which has led to the 

formation of a full-fledged and well-established name for this area of activity - “Smart 

City”. Using the example of the small town of Zelenodolsk in the Republic of 

Tatarstan, we carried out the studies to improve transport infrastructure in the context 

of the transition to the Smart City concept in small towns. To increase the stability of 

the transport infrastructure, it is necessary to introduce intelligent transport systems. 

The influence of intelligent transport systems on the transport process in Zelenodolsk 

was evaluated using the AIMSUN simulation package, which allows simulating 

traffic. Studies have shown that all indicators characterizing traffic flow have changed 

for the better. Consequently, the transition to the concept of "Smart City" is applicable 

not only for large, but also for small cities.  

Keywords: Intelligent transport systems, "Smart City", Transport systems, AIMSUN, 

Traffic, Model. 

 

1. Introduction 

The majority of the world's population lives in cities, increasing the burden on energy, 

transport, water supply, construction and public places. There is a growing need for 

smart urban solutions that are effective and sustainable, on the one hand, and can 

generate economic prosperity and social well-being, on the other hand. 

Today, most cities are moving to the Smart City concept. A smart city is 

characterized and determined by a number of factors, including sustainability, 

economic development and high quality of life. These factors can be achieved through 

infrastructure (physical capital), human capital, social capital, and information and 

communication technology infrastructure. 

There are six indicators of the Smart City, namely: smart economy, smart 

management, smart citizen, smart life, smart environment and smart mobility. 

Mobility or transport occupy the most important position due to its influence on all 

other indicators. 



 

 

 

 

 

 

Transport system is one of the fundamental intelligent systems in the Smart City. 

One of the main directions of ensuring the stability and security of the urban transport 

system is the concept of introducing intelligent transport systems (ITS). Moreover, all 

processes at every stage of the life cycle should be intellectualized. Since the stage of 

production of the life cycle is one of the most important, the introduction of ITS will 

optimize processes and improve the quality of transport services to the population. It is 

also worth noting that a well-designed and efficient transportation system contributes 

to economic growth and helps to improve the quality of life, thereby becoming one o f 

the most important sectors of urban development. 

Until recently, the concept of "Smart City" was applied mainly to large cities, 

which is clearly demonstrated by its name (“city” instead of “town”). Studies show 

that the development of a small town today is very limited if this town does not 

become smart. This study discusses the improvement of transport infrastructure in the 

context of the transition to the Smart City concept in small towns of the Republic of 

Tatarstan, using the example of Zelenodolsk. 

2. Materials and methods  

2.1. Transport problems and their solutions. 

Difficulties in the traffic movement are often associated with the low throughput of the 

street-road network, which does not correspond to the existing traffic intensity, and the 

load level exceeds its permissible value [1]. At the same time, the development of road 

infrastructure is lagging behind the daily growing number of cars [2, 3]. 

One of the biggest problems in the field of the road transport complex of 

Zelenodolsk is the current state of the roads, which is holding back the development of 

the main sectors of the city’s economy. 

The transport problem in Zelenodolsk is compounded by the fact that 50 to 90% of 

the population and about 45% of the car fleet are concentrated in a rela tively limited 

area. 

The configuration of the town’s street-road network has such a structure that the 

choice of an alternative route is not sufficient. This leads to re-runs of vehicles and 

overloading of the road-street network. It is necessary to solve this problem with the 

help of changes in the organization of traffic. 

The main reasons for the difficulties experienced by ground transportation in 

Zelenodolsk are the very rapid increase in motorization, the insufficient capacity of the  

road network, surface drainage, and the lack of urban storm sewers, all of which 

adversely affect the organization and safety of traffic. An effective way to increase the 

throughput capacity of the Zelenodolsk street road network is to improve controlled 

traffic lines to the level of continuous or high-speed traffic. 



 

 

 

 

 

 

To solve the problem of developing transport infrastructure, increasing the capacity 

of the road network and traffic safety, it is necessary to take comprehensive, 

interconnected measures aimed primarily at improving traffic management systems, 

solving the problem of car parking, and creating safe conditions for pedestrian traffic. 

The works of modern experts in the field of transport describe various methods of 

traffic regulation on complex road junctions and highways, as well as methods for 

designing economical transport systems with high throughput [4]. Methods of machine 

simulation of traffic flow are given in the books of R. Kartabaev [5], V. Silyanov [6], 

F. Haight [7]. The works of these authors undoubtedly deserve attention, but their 

studies were carried out until 1983 [8]. 

Today, science in the field of traffic management has taken a big step forward, 

which also affected the way of management. First of all, this is connected with the 

modeling of traffic flows, which allow us to design the existing traffic situation and 

conduct an experiment with changed conditions. Thus, modeling of traffic flows will 

allow a more realistic presentation of the various situations that may arise in practice. 

2.2  Intelligent transport systems as a method of increasing the stability of the city’s 

transport network  

ITS unites the motor transport industry and the information technology and is 

based on the modeling of transport systems and the regulation of traffic flows. 

Improving the transport infrastructure of Zelenodolsk during the transition to the 

Smart City concept is possible through the introduction of ITS for regulation and 

traffic management. The introduction of ITS will enable the transition from separate 

management of the elements of the city’s transport system to centralized management 

of the road network. Objects of intelligent transport systems can significantly improve 

the quality of transport services. 

Considering the road network of Zelenodolsk, we can say that the current problem 

situation is associated with a limited number of connections between the central part of 

the town and peripheral areas and the orientation of drivers on the same traffic routes. 

The essence of ITS is the ability to make the most efficient use of existing and 

prospective resources, to provide the maximum possible throughput of the road 

network and to distribute traffic flows without exceeding this throughput. 

The structure of ITS in the context of the introduction of the Smart City concep t 

for Zelenodolsk is shown in Figure 1. 



 

 

 

 

 

 

 
Fig. 1. ITS structure in the context of the introduction of the Smart City concept in Zelenodolsk. 

2.3 Study of the road network model in AIMSUN 

Measures to increase the stability of the transport system are expensive, including new 

road construction and multi-level interchanges, reconstruction, and improvement of 

traffic management schemes. Modeling of transport networks allows you to find out 

how the parameters of the traffic flow change when appropriate measures are taken. 

This is necessary for a feasibility study, confirmation of the validity of the proposed 

measures, evaluation of the results of their implementation and analysis of the costs 

and benefits. This is especially relevant when exploring the deployment of modern 

information technologies presented by intelligent transport systems. 

Simulations are classified depending on the level of detailisation on the micro - 

mesoscale and macrolevel models [9-11]. 

The main purpose of transport models is to conduct experiments. Using modeling, 

we can check how certain changes in the organization of movement affect the behavior 

of the traffic flow [12, 13]. In the models, we can consider events such as  the 

construction of new roads, the expansion of the street, the prohibition or permit of 

turns, the organization of one-way traffic, etc. At the city level, transport modeling 

will make it possible to decide on the consequences for the transport situation  of the 



 

 

 

 

 

 

construction of the next shopping center or new neighborhood. In the modeling 

process, we can create several hundred control scenarios [14]. 

In recent years there have been developed successful mathematical and 

computational methods to formulate a model of a dynamic transport system. Among 

the software products for dynamic transport systems that have been tried and tested in 

developed countries of the world there are: CORSIM (development began more than 

30 years ago by the Federal Highway Administration), Paramics Modeller (Quadstone 

Paramics, UK), AIMSUN (TSS - Transport Simulation Systems, Spain, Barcelona), 

SimTraffic (Trafficware Corporation, USA), PTV Vision (PTV Group, Germany; the 

main components of PTV Vision are VISUM and VISSIM software), SUMO 

(Germany; the package is designed for modeling broadband highways) [15]. 

AIMSUN is one of the world's best micro-simulators, allowing us to simulate an 

extensive array of traffic management components, strategies and techniques. The 

product is a full-featured set of tools for analyzing traffic flows and transportation, 

which can be used for planning, detailed modeling and research of requirements and 

conditions of activity in the field of transport. The product implements an integrated 

platform suitable for performing both static and dynamic modeling [16, 17]. 

A package can deal with various transport networks: city networks, freeways, 

highways, ring roads, arteries, and any combination of them [18, 19]. It was developed 

and implemented as a tool for analyzing traffic flow to help engineers design and 

evaluate the performance of transport systems. This package turned out to be very 

useful for testing new traffic control systems and control policies based either on 

traditional technologies or on the implementation of intelligent transport systems. The 

result is clearly reproduced in the form of animated two-dimensional and three-

dimensional objects [20]. 

In this work, to assess the impact of ITS components on the organization of traffic 

in Zelenodolsk, we used the AIMSUN program. 

Typically, when modeling, the impact of ITS components is assessed either on 

individual network elements or on the whole modeling zone. However, since the task 

is more specific in this case, we detailed the entire road network of Zelenodolsk. For 

this, all sections of the road network were divided into groups according to the 

influence of the applied components of ITS on them. 

The modeling conditions provided two possible scenarios, the first - the 

organization of movement without ITS components, the second - the distribution of 

traffic flows with ITS elements. 

The configuration of the simulation zone is shown in Figure 2. 



 

 

 

 

 

 

 
Fig. 2. Modeling zone in AIMSUN. 

3. Results and Discussion 

During the experiments in the transport model of Zelenodolsk, the parameters were 

changed in such a way that the intensity and structure of traffic flows corresponded to 

the existing ones. Thus, the model was validated. It was assumed that the proposed 

measures for the implementation of ITS will have a positive impact on the 

organization of traffic and increase the throughput of the road network. 

As a result of experiments with the model before and after the introduction of ITS 

on the road network, we obtained the main empirical characteristics of traffic  flow 

parameters. The results are summarized in table 1. The main simulation results at the 

network level are shown in Figures 3 - 5. 

 
Table 1. Assessment of the empirical characteristics of the parameters of the road network in 

Zelenodolsk. 

Analyzed Indicators 
Indicator values 

Before ITS After ITS 

Travel time, sec / km 155,19 127,74 

Delay time, sec / km 81,45 73,59 

Stop time, sec / km 90,23 76,97 

Number of stops, vehicle./h 8,36 6,45 

Density of a stream, vehicle/km 12,33 10,32 

Average speed, km / h 29,01 35,03 

Traffic jam size, vehicles 112,21 65,71 

 

 



 

 

 

 

 

 

 
Fig. 3. Change in the travel time at the studied area. 

 

 
Fig. 4. Change in the delay time in the studied area. 

 

 
Fig. 5. Change in the speed of movement in the studied area. 
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Conclusion 

The basis for improving the living standards of modern people is the transition to the 

concept of "Smart City". Smart City uses a complex of advanced digital and 

engineering solutions and organizational measures aimed at achieving the highest 

possible efficiency of resource management and the provision of services, in order to 

create sustainable favorable living and stay conditions, business activities of current 

and future generations on its territory. One of the fundamental components of a smart 

city is the transportation system. 

Studies have shown that increasing the stability of the city’s transport network is 

possible through the use of ITS. The impact of ITS was assessed using special 

mathematical and computational methods to create a model of a dynamic transpo rt 

system. The constructed comprehensive model of traffic flows based on existing 

traffic rules allowed testing both individual sections and the entire road network of 

Zelenodolsk to assess traffic capacity and predict possible traffic situations. 

The results of the study showed that the proposed solutions for the implementation 

of ITS are effective, reasonable, systematic and can be recommended for practical use 

not only in Zelenodolsk, but also in other cities of the Republic of Tatarstan. 

The development of smart cities requires considerable costs and the use of modern 

equipment, and the storage of big data requires the latest servers. However, progress 

will inevitably lead to smart cities becoming a familiar trend. 
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