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Abstract 

The paper addresses the throughput of an urban signalized intersection when the traffic flow structure varies widely. In the course 
of the study, data were collected from a street CCTV camera tracking traffic flows at a single intersection. At the preliminary step 
during the analysis of the dynamics of vehicles passing the intersection when leaving the queue that formed in front of the red light, 
it was found that it significantly changes for different types of vehicles. Therefore, the next step was to develop a statistically 
significant mathematical model of the intersection throughput as a multiple regression equation including all vehicle types under 
consideration. This model gave us various predictive estimates with the traffic flow structure varied. To obtain a visual 
representation of the results, we tested a model of category-based traffic flow at the intersection, built on the basis of fuzzy logic 
methods. This model allowed us to estimate the intersection throughput depending on some uncertain traffic flow factors in a 
graphic 3D view. The study was oriented towards the development of an algorithm to analyze the time required for a heterogeneous 
queue of vehicles to pass the intersection in real time. The algorithm can be used in intelligent transportation systems, in particular, 
in problems related to uninterrupted traffic of unmanned vehicles. The models considered may serve as a good basis for justified 
decisions on improving the vehicle-to-infrastructure communication (V2I).  
Keywords: signalized intersection; vehicle categories; intersection passing time; mathematical modeling of the traffic flow; fuzzy logic methods. 

1. Introduction 

Analysis of traffic flows is essential for urban planning and road transport infrastructure management. Prediction 
of the traffic flow state is a key component of intelligent transportation systems (ITSs), which has attracted large 
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attention of researchers in recent decades (Boryaev et al. 2020, Buyvol et al. 2021, Chernyaev et al. 2020, Davidich 
et al. 2020, Dygalo et al. 2020, Evtiukov et al. 2020, Grayevskiy et al. 2020, Kerimov et al. 2020a, 2020b, Kurakina 
and Evtiukov 2020, Kurakina et al. 2020a, 2020b, Kuraksin et al. 2017, Makarova et al. 2016, Mavrin et al. 2020, 
Petrov et al. 2019, Rakov et al. 2020, Safiullin et al. 2018, 2019, 2020, Seliverstov et al. 2020, Voitko et al. 2020). 
Management of signalized intersections in the urban transport network includes determining the number and 
sequences of traffic management phases. ITSs are based on diagrams of vehicle and pedestrian traffic in each of the 
phases and the calculation of the duration of traffic management cycle intervals and phases. Accounting for the 
heterogeneous nature of the traffic flow determined by different inertia of different vehicles, their size and standard 
distances when passing a signalized intersection also have a significant impact on justified management decisions for 
ITSs (Ibryaeva et al. 2021, Karmanov et al. 2018, Kazhaev et al. 2018, Kerimov et al. 2020a, 2020b). 

The rapid development of online recognition systems using trained neural networks made it possible for many 
researchers not only to count vehicles at different road sections at different times of day and even in unfavorable 
weather conditions but also to determine various parameters of the traffic flow (vehicle speed, type, and class) (Do et 
al. 2019, El-Khoreby et al. 2020, Garg et al. 2020, Khazukov et al. 2020, Lian et al. 2018, Peppa et al. 2018, Shepelev 
et al. 2020а, Wang et al. 2020, Zhang et al. 2016).  

Based on the obtained CCTV data on the traffic pattern, researchers now have the opportunity to manage traffic 
lights to reduce road congestions that have a number of negative consequences (environmental deterioration, increased 
accident rate). To optimize the operation of traffic lights, maximize the throughput of a signalized intersection, and 
reduce the average time of delay when vehicles pass intersections, fuzzy logic methods, algorithms for adaptive signal 
controllers in real time, and modeling in VISSIM software are used (Aleko and Djahel 2020, Barlović et al. 2005, 
Ding and Wang 2009, Djuana et al. 2018, Kwatirayo et al. 2013, Lin et al. 2008, Rida et al. 2018, Zakharov et al. 
2018). 

Dynamic assessment of the vehicle passing time at intersections, with account for its heterogeneous structure, is an 
important element of an ITS in terms of vehicle-to-infrastructure communication (V2I), applicable to problems of 
uninterrupted traffic (Shepelev et al. 2020b, Zhankaziev et al. 2018). 

To make management decisions with regard to the control of a signalized intersection, the following task is 
proposed: analysis of the signalized intersection throughput with the heterogeneous structure of the vehicle traffic 
flow.  

We used observations of traffic flows at a large signalized intersection at a major highway in Chelyabinsk as input 
data for this study. Despite the small amount of data, the initial sample allowed us to identify the main regularities 
preconditioned by the structural heterogeneity of the traffic flow. 

The conceptual model of the study includes analysis of the following related areas: 

• Comparative analysis of the passing time when vehicles of different categories cross the stop line; 
• Building of a mathematical model for the intersection throughput depending on the vehicle category; 
• Analysis of the impact of traffic flow structure heterogeneity on the throughput using fuzzy logic methods. 

2. Theoretical studies 

To make the study more detailed, we elaborated on the breakdown of vehicles into M, N, O, and L categories, 
adopted in Russia, and divided it into the following categories that occur most often in the observations: 

• L (passenger cars); 
• Ma (small buses); 
• Mg (small trucks); 
• Sa (medium buses); 
• Ba (large buses); 
• S (emergency vehicles). 

In the course of CCTV data processing, we obtained summary data on the average time of intersection passing by 
vehicles remaining in different traffic flow positions before the green light is turned on: 


