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Abstract. The article focuses on the issues of organizing transport 
services for visitors of the focal points (FP) using individual transport (IT). 
The main factors influencing the generation of transport demand arising 
from the focal points functioning are considered. The authors present the 
mathematical models that allow assessing the following variables: the 
traffic flow intensity arising during the transport service of individual 
transport users both at the entrance to the focal point territory and at the 
exit from it; the value of the load factor of the given group of lanes at the 
signalized intersection; the value of delay that occurs when visiting focal 
units using individual transport. The authors elaborate recommendations 
for the practical application of the considered mathematical models while 
organizing transport services for focal points visitors using individual 
transport.  

1 Introduction 
The current trends of urbanization, enlargement of cities and their influence zones make 
specialists from various industries create a single harmonious environment that allows 
people to move for labor, cultural, household, and other purposes with minimal time losses 
(time losses for the labor movements are regulated in professional literature [1, 9]). To be 
precise, it should be noted that the key role in creating such an environment is played by 
urban planning decisions made at various stages of urban and transport planning; they refer 
to both lay-outs of agglomerations and integrated schemes of traffic management. In 
addition, the most important factors influencing the development of urbanized territories 
are environmental restrictions limiting the possibility of locating production sites and 
special-purpose facilities. On the other hand, transport communications act as a limitation 
of the speed of passengers’ movements in urbanized areas; they include not only 
transportation systems, but also the entire accompanying infrastructure. First of all, the 
transport infrastructure consists of a street and road network having various categories, 
technical means of traffic management and places for temporary storage of individual 
vehicles (parking lots). The travel time to the destination is estimated by the average speed 
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of the movement on the selected route, whereas the time required to place the car in the 
parking lot and the subsequent delays associated with leaving it depends on the 
characteristics of the focal points near which the parking lot is located. Therefore, the 
development and research of tools that allow assessing the value of the delay when visiting 
focal points seem to be an important scientific and real-life task. 

2 Materials and methods 
It is obvious that the characteristics of FPs functioning can significantly affect the delays 
resulting from visiting them. Several factors can influence these delays: first of all, the 
generating capacity of a FP; its type (according to the type of activity); the duration of 
parking which will be partially influenced by the speed of servicing the visitors; the number 
and location of feeding intersections; the traffic management at these intersections; the 
intensity of the transit flow of vehicles that have the priority over the vehicles entering or 
exiting the FP territory; traffic and navigation management in the FP territory. The above 
list of factors makes it obvious that they need to be structured and classified. The first class 
should include the factors associated with the FP functioning, that is, the factors influencing 
the development of the traffic flows entering/exiting the FP; in the context of this article 
these flows can be called the intensity of entry and exit. The second class of factors is 
associated with the elements of the street and road network (intersections) and traffic 
management system maintained by technical means applied in international practice, 
including the use of smart transport systems. 

The assessment of the intensity of traffic flows running to/from the FP with reference to 
the entire list of the above factors is possible on the basis of the model [2]: 

𝑁𝑁𝑇𝑇𝑇𝑇 = 𝐸𝐸𝐹𝐹𝐹𝐹 ∙
𝑑𝑑𝑇𝑇𝑇𝑇
𝐹𝐹𝑇𝑇𝑇𝑇

∙ 𝑘𝑘𝑑𝑑𝑑𝑑   (1) 

where EFP stands for the transport demand, persons per hour; dIT means the ratio of people 
using individual transport during the definite hour; PIT – the average number of people in a 
vehicle (IT), persons; kdi – coefficient of daily irregularity for the definite hour.  

Transport demand is usually assessed on the basis of its generating capacity and 
depends on the type of a FP, its location under the city plan, as well as its area. As a rule, 
transport demand is determined experimentally and described by empirical dependencies 
[5]. The proportion of visitors using IT depends on the type of a FP, on the level of 
automobilization in the city (region), etc. Generally, the intensity of entry differs from the 
intensity of exit due to different stay time in the territory of a FP and is determined by the 
coefficient of daily irregularity. 

Actually, the factors of the second class implies that it is necessary to assess the 
throughput capacity of the intersection feeding the FP, which depends on the duration of the 
permissive signal, and on the individual characteristics of the group of lanes evaluated 
through the flow intensity.  
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where, L – time lost during the cycle, Ni – traffic intensity in the definite group of lanes, 
units per hour; Si – saturation flow in the definite group of lanes, units per hour.  

It should be noted that the intensity of the traffic flow at the entrance or exit of the FP is 
calculated by expression (1), it is this parameter that is the most difficult to assess; the 
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throughput capacity is determined by the saturation flow with reference to geometrical 
characteristics and other features of the intersection. 

The classical mathematical model of delay [17] – Webster’s formula: 

𝑑𝑑 = 0.9 �
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 (3) 

where d – average delay during the cycle, s; C – length of the regulation cycle, s; g – 
effective green signal duration, s; x – coefficient of the loading (ratio of intensity to 
throughput capacity); N – intensity of the traffic flow, units per hour.  

This is the formula that assumes the necessity of introducing of a loading coefficient x 
along with the traffic light signaling mode. Besides, in the specialized literature of the 
“western” world, you can find a dozen other models for assessing the delay and its 
derivative – the queue length [10, 11, 12, 13, 14, 15, 16, 6, 7, 8]. The main emphasis of 
these formulae is placed on taking into account both the randomness of the vehicles arrival 
and the delay resulting from the queue of vehicles at the start of the permissive signal for 
the definite group of lanes. 

3 Results 
Thus, having such instruments as (1-3), as well as the world scientific experience aimed at 
assessing delays at signalized intersections, it is possible to derive an integrated model for 
assessing the delay during the transport service of focal points. The awkwardness of the 
integrated formula causes the necessity of carrying out the calculations by stages. At the 
first stage the intensity of traffic flows (1) running to/from the considered focal points is 
determined on the basis of transport demand and a number of other parameters the values of 
which can be found in the appendix of the monograph [3, 4]. At the second stage, the load 
factor (2) is determined with reference to the current operating mode of the traffic lights 
and the intersection parameters. And finally, at the third stage, the value of delay is 
determined which allows, in particular, assessing the length of the vehicles queue. 
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