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ALGORITHM DESIGN FOR IDENTIFYING RATIONAL 

PARAMETERS OF EXPRESS BUS SERVICE IN URBAN SETTINGS 
 

Summary. In modern urban environments, the efficiency of public transportation 

systems plays a crucial role in ensuring sustainable mobility and reducing traffic 

congestion. Among various public transport services, bus systems remain the most 

flexible and widely used mode of transit. However, growing travel demand and 

increasing road traffic intensity often lead to delays, decreased service reliability, 

and reduced passenger satisfaction. One effective solution to these challenges is the 

implementation of express bus services, which offer limited-stop operations aimed 

at reducing travel time and improving overall system efficiency. This study focuses 

on the development of an algorithm for determining the rational parameters of the 

express mode of bus traffic in urban areas. The proposed approach considers factors 

such as passenger flow distribution, traffic conditions, and operational constraints 

to identify optimal solutions that enhance service performance and passenger 

convenience. The results are expected to contribute to the improvement of urban 

public transport systems by providing a methodological framework for efficient 

express service planning and management. 
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1. INTRODUCTION 

 

The expansion of economies around the world is an unprecedented pace hand in hand with 

the process of urbanization. Based on the UN data, it can be expected that by 2050 about 70% 

of the world population will live within urban territories. This will create an additional burden 

on the public transport system in the future. It is predicted that the number of passengers 

transported within the cities will triple for the specified period. The current stage in the 

development of passenger vehicles, due to the use of intellectual transport systems (ITS), is 

characterized by the desire to achieve the extremely high operational characteristics of the road 

transport vehicles, the need to minimize the loss of time for transportation, and ensure the 

comfort of passengers' trips. As it is known, one of the effective ways to achieve the above 

tasks is to use buses on the city routes of the express mode of bus traffic on city routes. 

The express mode provides for bus stops only at those points of the route that are 

characterized by the maximum passenger turnover. A decrease in the number of bus stops helps 

to increase the bus’s speed, reduce passenger’s travel time and improves vehicles capacity. The 

development and implementation of ITS solutions for the express bus services will help to 

improve the quality of services in public transport networks, thereby increasing their 

attractiveness. Already now, ITS means playing an important role in the urban environment, 

optimizing the work of transport, and in combination with artificial intelligence (AI), they will 

influence the formation of smart cities of the future. A continuous analysis of the collected data, 

such as the number of passengers, makes virtual modelling of public transport networks for 

years to come. A decrease in traffic jams and environmental loads will ensure the growth of 

passenger flow and an increase in carrier income. 

The introduction of an express mode of buses movement allows one to achieve significant 

technological and social effects without the need for additional buses, and under certain 

conditions, even to release part of the buses without deterioration of basic quality indicators of 

transport service of passengers. Reducing the number of stops for express buses helps to reduce 

fuel costs, increasing the profitability of transportation while reducing of harmful emissions 

into the city's atmosphere [1].  

Despite these advantages, the express mode was not widely used in the first place due to the 

lack of a single methodology by which its rational parameters can be determined. 

 

 

2. LITERATURE REVIEW AND PROBLEM STATEMENT 

 

The successful operation of express bus services requires the careful selection of operational 

parameters, such as stop spacing, headways, and routing strategies. Determining rational 

parameters for express modes involves balancing travel time savings for through-passengers with 

accessibility needs for those boarding and alighting at intermediate stops. Despite numerous 

studies on bus operation optimization, there remains a need for comprehensive algorithms capable 

of adapting to varying urban conditions and travel demand patterns. 

In recent years, many studies have been presented in the scientific literature on the 

optimization of various aspects of the express bus movement. Below is a review of key works 

reflecting modern approaches and methods in this area. Thus, in the papers [2, 3], methods of 
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optimizing the number and location of stops were considered in order to minimize the time in 

the path of passengers. In studies [4, 5], approaches to determining the rational intervals of 

movement and the functioning schemes of express routes in the conditions of alternating 

passenger traffic and road situation were studied. Models were also developed that take into 

account the features of the transport infrastructure, the density of the development and the 

dynamics of the passenger flow throughout the day [6, 7]. 

To optimize the bus schedule using deep training Ai et al. [8] method of dynamic 

optimization of the bus schedule based on deep learning with reinforcement (Deep Reinforced 

learning) was offered, which allows adapting the intervals of movement in real time, depending 

on the variable passenger flow. Oliveira et al. [9] developed framework for planning the 

trajectories of autonomous buses, taking into account the characteristics of the urban 

environment providing safe and efficient movement. 

In the study [10], conducted in the high-tech zone of the city of Zhengzhou, an improved 

algorithm of an ant colony was proposed to optimize existing bus routes, taking into account the 

features of urban development and passenger traffic. The same algorithm for optimizing route 

networks of urban bus transport was used by authors [11, 12]. Zhen and Gu [13] have developed 

models to optimize routes in conditions of spatially heterogeneous demand, which is especially 

relevant for rapidly developing urban areas. Models take into account variations in the density of 

the passenger flow, providing an effective connection with the main transport hubs. 

The authors [14] presented an asynchronous multiplayer approach to Deep Reinforced 

learning to reduce the effect of “accumulations” of buses. The model optimizes the strategy for 

holding buses at stops, given the uncertainty in passenger traffic and road conditions. The study 

[15] offers the method of optimizing the routes of express buses with a limited number of stops 

for long-distance passengers. Using the algorithm for solving the routing problem taking into 

account the landing and disembarkation of passengers, the authors achieve a reduction in time 

on the way and increase the attractiveness of public transport. A technical and operational 

assessment of the introduction of the express mode of movement of buses on the city routes of 

Jizak city (Uzbekistan) is presented in [16]. Wei and Zhu [17] considered the optimization of 

bus routes in small and medium cities on the example of route No 7 in the city of Jijoyzo. 

Methods of increasing the efficiency and safety of the route are proposed, taking into account 

the features of urban infrastructure and passenger flow. 

Prediction of passenger traffic is playing a key role in organizing express bus services. 

Accurate forecasting enables optimization of intervals, the number of stops and the schedule, 

providing a balanced ratio between the speed of transportation and the availability of the route. 

Here you can highlight Baghbani et al. [18], Bharathi et al. [19] and Shen et al. [20]. 

The organization of dedicated lanes significantly increases the efficiency of bus traffic in the 

conditions of city transport systems. Their implementation reduces delays, increases the speed 

of routes, and helps to stabilize traffic intervals, ensuring the priority of public transport in 

overloaded areas of the road network. Studies by Khakimov et al. [21], Chen et al. [22] and 

Jiang et al. [23] are devoted to the impact of the selected bus lanes on the road traffic.  

Separately, the cluster can be distinguished by the control of the psychophysiological state 

of the driver [24]. Control is necessary to ensure the safety of passenger transportation. Regular 

monitoring enables timely identification of deviations that increase the risk of emergency 

situations [25, 26]. 

And finally, the introduction of the express operating mode of buses helps to reduce 

emissions of pollutants by reducing travel time and the number of stops [27, 28]. This positively 

affects the environmental situation in the city, reducing the level of air pollution in areas with 

heavy traffic [29]. 
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The analysis of the presented studies shows that, despite the variety of approaches and 

methods, there is a need to develop a complex algorithm that can take into account the dynamics 

of passenger flow, the features of urban infrastructure, and operational restrictions. Such an 

algorithm should provide adaptive and effective planning of express bus routes, contributing to 

the improvement of the quality of service and sustainability of the city transport system. 

The purpose of the work is to develop an algorithm for determining the rational parameters 

of the express mode of buses in urban conditions. The rational parameters should be understood 

as the number of buses on the route operating in express EA and conventional CUSTA  (poster) 

modes, as well as a list of stops a
i
Z t which express buses stop. 

 

 

3. METHODOLOGY 

 

The following initial data is required to determine the rational parameters of the express 

movement of buses: the results of the passenger traffic survey (during which the number of 

passengers that have entered ia  and left jb  the vehicle at stops are determined); capacity q , 

technical speed tV  and bus movement interval I ; duration of its downtime at intermediate int  

and final stops endt ; the distance between the route stops 1, +iil , the sum of which is equal to its 

length routeL . 

The authors offer the following sequence of calculations. 

1. Verification of the expediency of introducing an express mode of traffic. 

The paper [1] has established the conditions for the expediency of the introduction of 

different modes of movement of buses, which depend on the quantitative parameters of the 

passenger traffic: turn , the coefficient of variability of passengers and 
sec/unev

 , the coefficient 

of uneven passenger traffic on the route. It is proposed for these indicators to use the appropriate 

standardized coefficients norm
turnk  and norm

unevk sec/  to establish the feasibility of organizing the modes 

of traffic of buses on urban routes (Fig.1). 
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where avl  average passenger trip length, km; avH  and maxH  are medium and maximum 

passenger traffic on the route, pass. 

 

2. Determination of the list of stops for the express route. 

In express mode of traffic, the buses do not stop at all stops, so it is advisable to submit 

options for express route in the form of a logical vector, the elements of which acquire a value 

of 1 or 0 (of course, that both final stops are necessarily part of the express route, so 11 == n

):  

 

=iZ { 1 , 2 , 3 … j … n }, (2) 
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Fig. 1. Conditions for the expediency of organizing modes of traffic on bus routes 

 

where j =1, if j -th bus stop is on the express route; j =0 – if j -th bus stop is not on the 

express route. 

 

As for the other stops { 2 … 1−n }, the advantage should be given to stops that are 

characterized by maximum passenger traffic jQ . To quantify the list of stops that are part of 

the express route, an empirical condition for exclusion from the express route at j -th stop of 

the usual route should be used:  
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 , (3) 

 

where jF  is the number of passengers who do not use j -th stop (4); 
jQ  is the number of 

passengers who use j -th stop (5); I  is bus movement interval, in normal motion mode. 

 

jjjj bHF −= − ,1 . (4) 

 

where jjH ,1−  is the level filling the buses between 1−j  and j -th stops. 

 

jjj baQ += . (5) 

 

Considering that during the day the bus interval changes in the range from I  the morning 

"peak" to 2 I  in the interpeak period, an extended method is offered to identify vector variants 
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This approach to increasing the number of stops for 2Z  and 3Z  slightly offsets the efficiency 

of the express mode (due to the increase in the number of stops) but increases the potential 

number of passengers that can use it. It also takes into account the change in buses route 

intervals during the day and thus allows you to get such combinations iZ  that will allow to 

organize the most effective options for express mode, both for passengers and for transport 

enterprises. The final decision on the efficiency of implementation of one or another variant iZ  

can only be obtained by modeling results. 

 

3. Restoration of the matrix of interstops correspondence. 

One of the main data for calculating the technical and operational indicators of buses on the 

route with express mode is the matrix of interstops correspondence of passengers ijK . Usually, 

its elements are determined by the coupon or questionnaire methods of examination of 

passenger traffic. But these methods are characterized by the high complexity of procedures 

and primary materials processing. Therefore, the restoration of the matrix of interstops 

correspondence is proposed to be performed with the help of the calculation and analytical 

method, which allows for the probabilistic ratios of information about the number of passengers 

who have entered and left the vehicle at the route stops to calculate ijK components (with a 

maximum error of 5…7%) according to the following ratios: 

 

( ) jj
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= , (7) 

 

where ijC  is the number of passengers who entered the bus at the i -th stop point and left it on 

j -th and the following stops: 
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where ia  is number of passengers who entered the bus at i -th stop. 

 

4. Redistribution of passengers on the route between modes of traffic and calculation of 

technical and operational indicators of buses. 

In [1], the authors offered as the main criteria for evaluating the efficiency of the introduction 

of an express mode to use the difference between potential and actual transport works 

performed by buses on the route min→NW  and the total time of passenger on travel and 

waiting at stops: min→T . The decrease NW  leads to an increase in the dynamic coefficient 

of use of vehicles and reducing the cost of transportation. The reduction T  helps to increase 

the quality of passenger service and reduce transport fatigue. 

For the calculation NW  and T  we used elements of the matrix of interstop correspondence 

ijK . But they require constant redistribution between motion modes depending on the list of stops 

that are part of the express route iZ  and the number of buses operated in normal CUSTА  and 
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express EА modes. The procedure of such redistribution was developed by the authors on the 

basis of formalization of time spent time in express 
E

ijT and normal modes CUST
ijT  [1] and 

represented by calculation dependencies (9-13). 
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where 
E , 

CUST  are the number of bus trips within an hour in express and normal modes, 

respectively 

 

Thus, the volume of transportation will be distributed between motion modes as follows: 

( )EE DСQ +  and ( )CUSTCUST DAQ +  (Fig. 2). A closer look should be taken at the structure of 

the calculation NW , T , components (11-13) and other technical and operational indicators 

of buses operating in a combined mode with express and conventional modes. Passengers' time 

spent in express 
E

ijT  or normal 
CUST

ijT  modes when travelling between i -th and j -th stop points 

consist of a time of travel (
Е

ijfollowt    or 
CUST

ijfollowt   ) and the cost of waiting for buses (
E
waitt  or 

CUST
waitt

) at stops and calculated by the following dependencies: 
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where EI , CUSTI are buses intervals operating in express and normal modes, respectively, min. 
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Fig. 2. Distribution A matrix of interstop communications between bus modes 

 

The time for bus travel ( E
follow  ijt , CUST

ijfollowt   ) in the appropriate mode consists of the time of 

traffic of buses ijt between i -th and j -th stops and cost of downtime at the intermediate route 

stops: 
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where E
ijstopn   , CUST

ijstopn    are the number of intermediate bus stops on the path between i -th and 

j -th stop points for buses operating in express and normal modes, respectively. 

 

The time of movement of buses between i -th and j -th stop points is, min.: 
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where ijL  – the distance between i -th and j -th stop points, km: 
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To calculate the components of the matrices (17) and (18) buses intervals 
EI  and СUSTI  

determine by the following dependencies: 
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where Е
revt , CUST

revt  are the duration of buses turnover that operate in express and normal modes 

respectively, min: 
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where E
i

Е Zn  , CUST
i

CUST Zn   are the lists of stop points belonging to the express and normal 

route, respectively, min. 

 

Number of trips performed by buses within an hour in express and normal modes, 

respectively: 
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The total potential transport work performed by buses on the route and by appropriate modes 

of movement: 
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The total actual transport work performed by buses on the route and according to the 

appropriate modes of transportation: 
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The difference between the potential and actual transport work performed by buses on the 

route during the billing period: 

 

actualpotentialN PPW −= . (27) 
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Bus capacity coefficients operating in normal and express motion modes: 
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Total passengers' time spent on traveling using normal mode in the following directions ( i
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Total passengers' time spent on traveling using the express mode in the following directions 

( i → j ) C : 
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Total passengers' time spent on traveling using the normal mode in the following directions 

( i → j ) CUSTD : 
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Total passengers' time spent on traveling using the express mode in the following directions 

( i → j ) ED : 
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In expressions (31) and (32) passengers' time spent waiting is calculated on the basis of the 

value of the average movement interval for both modes AverageI : 
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Total passengers' time spend traveling on the route: 
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5. A procedure for finding rational parameters. 

Considering the fact that not all passenger correspondence can be serviced by the express 

mode, it is advisable to introduce a combined mode that combines both modes: the express and 

normal. 

The essence of the method of determining the rational parameters of such a mode lies in the 

mathematical modelling of the process of transportation on the route, which calculates the 

components of models (27-28) and (34) for (6) combinations of stops of express route and the 

number of buses operating in normal CUSTА and express EА  modes. In the future, on the basis 

of the formed criterion, such parameters of route work, which are characterized by the 

maximum efficiency and quality of transportation, are selected. 

According to the restriction on the maximum permissible interval of conventional buses (35), 

the modeling must be carried out for several data groups (36).  

 

Allowable

CUST
revCUST

I

t
A

max

min = , (35) 

 

where 
CUSTAmin  is the minimum allowable number of buses operating in the normal mode, 

provided that the maximum permissible movement interval AllowableImax  is not exceeded (in urban 

conditions it should not exceed 15… 20 minutes).  
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By changing the combination of stops on the express route iZ  and the number of buses 

operating in normal CUSTА  and express ЕА  modes, one can obtain the set of values NW  that 

was chosen as the main criterion for transportation efficiency: 
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. (37) 

 

The results obtained allow us to determine the area of acceptable values NW . It should be 

noted that the function ( )ЕCUST
iN АAZfW ,,=  is discrete in nature, since the number COSTА  

and ЕА  are the whole values. From above, this area is limited to the level that determines the 

option of organizing transportation on the route using only the usual mode of traffic. Exceeding 

this limit, in terms of the selected performance criterion min→NW  when organizing express 

mode on the route is inappropriate. The bottom is limited to the level 0NW , as with negative 
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value NW s, the potential transport work on the route is less than the actual one. The 

implementation of such options for express traffic will worsen the quality of the transport 

service due to the increase in the coefficients of use of bus capacity beyond normalized values. 

In the future, one option will be selected from the plural ( )E
i

CUST
iiN АAZfW ,,=  under 

conditions constACUST
i =  and constZi = for further research only one variant is selected, 

which provides min→NW  at 0NW .  

It should be noted that the reduction NW  can be achieved in various variants of the 

organization of the express mode, including those that are unacceptable, both in terms of the 

quality of transport service of passengers and in view of economic feasibility for transport 

enterprises. In practice, it is almost impossible fill the busses with on the route with fullness the 

buses 5,1 , and a significant difference in the operating conditions of the modes will lead to 

uneven provision of transport services and the cost-effectiveness of transportation. For a 

comprehensive assessment of the obtained i -th variants of the combined mode with express 

mode the authors in [1] proposed to use a criterion that additionally takes into account the 

quality of transportation: 5,1E
i ; 5,1CUST

i ; min→T ; and an additional economic 

effect that will be observed in case of minimal difference in the conditions of operation of both 

modes and the desire of coefficients of use of bus capacity to 1→CUST  and 1→Е :  
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where ( )Ni WK  is an indicator that takes into account the decrease NW ; ( )iK  is an indicator 

that takes into account the fullness of buses; ( )TK i  is an indicator that takes into account the 

reduction of the total time spent by passenger for movement. 

 

The structure of the complex criterion (38) is given on (39-42): 
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The use of the proposed complex criterion (38) enables the determination of rational 

parameters for express traffic on city bus routes, which ensure the improvement of the 

efficiency of vehicles and the quality of passenger service. 

Summarizing the results of the study, the authors developed an algorithm for determining 

the rational parameters of the express buses in urban conditions, which is given in Fig. 3. 

 

 
 

Fig. 3. Algorithm for determining rational parameters of express mode of  

bus movement in urban terms 
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4. RESULTS AND DISCUSSION 

 

The testing of the developed algorithm for determining the rational parameters of the express 

bus movement was carried out in the conditions of Dnipro. City route No. 155 (Topolia-3-

Vokzalna Square) was selected as the object of study. The route operates 25 buses BАZ A81 

for 46=q  passengers in normal mode. The main characteristics of route No. 155 are shown in 

Table 1. 

 

Tab. 1 

The main characteristics of route No. 155 

 

Indicator  value 

The length of the route routeL , km 20.4 

The duration of bus turnover revt , min. 126 

Technical speed tV , km per hour. 19.4 

Number of stops on the route stopn , units. 27 

Bus movement interval (morning "peak"), min  5 

The capacity provided on the route GivenQ  (morning "peak"), pass 552 

 

The survey of passenger traffic on route No. 155 was conducted using the tabular method in 

the morning "peak" in the direct (most loaded) direction of Topolia-3 → Vokzalna Square. Figure 

4 shows a compatible analysis of passenger traffic flaws by route 1, +jjH  and passenger exchange 

at stop points jQ , which shows that the capacity provided on the route GivenQ  is sufficient for the 

assimilation of passenger traffic on the most loaded section of the route maxHQGiven  , and the 

passenger exchange of stop points is characterized by significant unevenness. 

 

 
 

Fig. 4. Compatible analysis of passenger traffic and passenger exchange at stop points 
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On the other hand, the release of a route of such a number of buses that provides maximum 

passenger traffic only on the loaded route only, leads to their lack of use in other route parts, 

which leads to a decrease in the coefficient of use of bus capacity, and therefore increases the 

cost of transportation. 

The structure of distribution of transport work on the route is shown in Figure 5, the analysis 

of which shows that the vast majority of the route parts have a share of unproductive transport 

work NW  (27) ranging from 10 to 70%. In general, on the route, potential transport work (23) is 

8.11260=potentialP  pass.∙km, and the actual is 6.8789=actualP pass.∙km (according to the 

survey). Thus, 2.2471=NW  which is 23% of potentialP . This situation significantly reduces the 

efficiency of transportation. 

 

 
 

Fig. 5. Structure of distribution of transport work on route №155 

 

However, reducing the number of buses on the route will result in vehicles being more than 

fully loaded and even refusing passengers, which will reduce the quality of the transportation 

service. Thus, there is a need to introduce a combined mode of transportation with express 

service on route No. 155, which will release part of the vehicles (by increasing their capacity) 

and reduce the total cost of passengers on the trip (by increasing the speed of bus connection). 

Also, according to the results of the survey, it was found that: the value of the maximum 

passenger traffic on the route is 543max =H  pass; medium passenger traffic is 5.421=avH  pass; 

the average length of passenger trip 6,10=avl  km; passengers' variance ratio 92.1=turn . The 

values calculated for (1-2) normalized varieties 
norn
turnk  and uneven passenger traffic on the route 

norm
unevk sec/  (which determine the conditions of organization of the relevant modes of traffic on bus 

routes) are 0.52 and 0.77, respectively, which confirms the feasibility of introducing of the 

combined mode with the express mode on the route No. 155 (fig. 1). 
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On the basis of the conditions (6), three options for the express route consisting of 81 =Z , 

132 =Z , and 163 =Z  stops were formed: 

• 













 I

Q

F
Z

j

j
1  – 8 stop points: 

1→2→3→12→14→24→26→27; 

• 













 I

Q

F
Z

j

j
5,12  – 13 stop points: 

1→2→3→8→12→14→18→22→24→23→25→26→27; 

• 













 I

Q

F
Z

j

j
23  – 16 stop points: 

1→2→3→4→8→12→14→17→18→21→22→24→23→25→26→27. 

 

Since the working trip duration on the route is 126=CUST
revt  minutes, and the maximum 

permissible interval of buses in urban conditions is 20max =AllowableI  minutes, for (35) 6min =CUSTA  

buses. Mathematical modeling of the process of transportation for (9-34) was performed under 

the conditions (36) for 81 =Z , 132 =Z  and 163 =Z stops. Selected for further research options, 

which provide min→NW  at 0NW  under conditions constACUST
i =  and constZi =  are 

shown in figures (6-8). Figure 9 shows a compatible analysis of the distribution of the number 

of passengers transported (according to modes) and the total passengers' time spent on the trip. 

 

 
 

Fig. 6. A compatible distribution analysis NW , 
CUST  and 

Е  for 81 =Z  
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Fig. 7. A compatible distribution analysis NW , 
CUST  and 

Е  for 132 =Z  

 

 
 

Fig. 8. A compatible distribution analysis NW , 
CUST  and 

Е  for 163 =Z  
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Fig. 9. A compatible analysis of the distribution of the number of passengers transported 

(according to motion modes) and the total time spent moving.  

 

Analysis of figures (6-9) allows one to draw the following conclusions: 

• increasing the number of stops on an express route leads to an increase in the number of 

passengers using it: ( ) 26281 ==ZQ E
pass, ( ) 441132 ==ZQE

pass, ( ) 553163 ==ZQE pass., 

which is 32%, 53% and 67% of the total number of passengers, respectively; 

• for the vast majority of ratios ЗВA and ЕA  there is a reduction in the total travel time by 

an average of 10%; 

• operation of fewer than 3…4 express buses leads to passengers refusing the express 

service due to a significant increase in waiting time. 

 

The results of the calculations of the complex criterion 
Сomplex
iK  for (38) are shown in Figure 

10, indicating that the maximum efficiency of the passenger transportation process on route No. 

155 can be achieved with the following two combined mode variants: 

)6,12,8( 1 === ЕCUST АAZ  and )10,8,13( 2 === ЕCUST АAZ . These variants will release 

28% of vehicles, reduce NW by 89%, reduce the total expenses of passengers for movement by 

6%, increase the speed of connection and the coefficient of bus capacity usage by 15% and 

24%, respectively. A comprehensive assessment of the parameters of the express mode of 

movement of buses on route No. 155 from the standpoint of technological transportation 

efficiency is given in Table 2. The analysis of the information, which is given in Table 2, shows 

that both of the proposed options allow for a significant improvement of the efficiency of the 

transportation process on route No. 155. 
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Given that the combined modes under study are formed by a combination of normal and 

express modes, the general technical and operational indicators for buses іТОІ  were calculated 

as average weighted values according to the number of ordinary and express trips: 

 

ЕCUST

ЕE
і

CUSTCUST
і

і

ТОІТОІ
ТОІ





+

+
= . (43) 

 

 

 
 

Fig. 10. Results of calculations of a complex criterion Сomplex
iK  

 

 

However, it should be noted that releasing of part of the buses on route No. 150 will lead to 

certain but insignificant, negative phenomena. Prior to the implementation of combined modes, 

the traffic interval on the route was 5 minutes, and after – 6 minutes, which can be considered 

acceptable and typical for most city bus routes. Also, in some route parts, there will be an 

exceeding of the rated bus capacity (mainly on the normal mode) by 10-25%. Such overtime 

fullness of vehicles does not exceed the accepted standard of 8 passengers per 1 m2 of the free 

space in the salon and, accordingly, will not lead to passengers being refuse service at stop 

points along the route. It is considered acceptable in terms of transportation quality during the 

morning "peak". 
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Tab. 2 

Evaluation of express mode parameters on the route from the point of  

view of technological transportation efficiency  

 

Indicator 

Active 

technology 

Combined mode №1 Combined mode №2 

6,12,81 === ЕCUST АAZ  10,8,132 === ЕCUST АAZ  

CUST 
Mode  

  
Mode  

  
CUST Е CUST Е 

Length 

route, km 
20.4 

20.4 20.4 
0.0% 

20.4 20.4 
0.0% 

20.4 20.4 

Number of 

buses, units 
25 

12 6 
-28.0% 

8 10 
-28.0% 

18 18 

Number of 

stops, units. 
27 

27 8 
-28.1% 

27 13 
-31.1% 

19.4 18.6 

Medium length of 

route part, km 
0.78 

0.78 2.91 
109.2% 

0.78 1.70 
70.8% 

1.6 1.3 

Speed, km/h. 21.1 
21.1 29.1 

15.2% 
21.1 26.6 

15.6% 
24.3 24.4 

Operating speed, 

km/h. 
19.4 

19.4 26.0 

13.6% 

19.4 24.0 

14.2% 22.0 22.2 

57 56 

Duration of 

turnover, min. 
126 

126 94 
-10.2% 

126 102 
-11.4% 

113 112 

Movement 

interval, min. 
5 

10 15 
20.0% 

15 10 
20.0% 

6 6 

Number of 

departures, units 
12 

6 4 
-16.7% 

4 6 
-16.7% 

10 10 

Provided capacity, 

pass. 
552 

276 184 
-16.7% 

184 276 
-16.7% 

460 460 

Number of 

passengers 

transported pass. 

829 

585 244 

0.0% 

386 443 

0.0% 
829 829 

Unproductive 

transport work, 

pass. km 

2 471.2 

62.6 154.1 

-91.2% 

1.3 244.0 

-90.1% 
216.7 245.3 

The coefficient of 

using bus capacity 
0.78 

0.99 0.96 
25.4% 

1.00 0.95 
24.4% 

0.98 0.97 

Total buses work, 

km 
244.8 

122.4 81.6 
-16.7% 

81.6 122.4 
-16.7% 

204.0 204.0 

Bus productivity, 

pass/hour. 
66 

93 78 
31.8% 

92 87 
34.8% 

87 89 

Fuel consumption, 

l/100 km 
26.24 

26.24 19.83 
-9.8% 

26.24 21.5 
-10.8% 

23.68 23.40 

Hourly fuel 

consumption, l/h. 
64.24 32.12 16.18 -24.8% 21.41 26.32 -25.7% 
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5. CONCLUSIONS 

 

The study is devoted to the development of an algorithm to determine the optimal parameters 

for the express buses operating in urban areas. Rational parameters include the number of buses 

on the route operating in express EA  and normal (stop-based) CUSTA  modes, as well as the list 

of stops 
i
Z  at which express buses stop. The implementation of such measures can significantly 

improve the quality of transport services and transportation efficiency. The study identifies the 

list of required initial data to implement the problem. The developed algorithm consists of the 

following expanded blocks: verification of the expediency of introducing an express mode of 

traffic, determining the list of stops on the express route, restoring the matrix of interstop 

correspondence, redistributing passengers on the route between modes of traffic, and 

calculating the technical and operational indicators of bus operation.  

The testing of the developed algorithm for determining the rational parameters of the express 

movement was carried out in the conditions of Dnipro. City route No. 155 (Topolia-3-Vokzalna 

Square) was selected as the object of study. The route operates 25 BAZ A81 buses with capacity 

of 46=q  passengers in normal mode. 

According to the results of the survey of passenger traffic, it was found that the vast majority 

of the route parts the share of unproductive transport work NW  is from 10 to 70% (on average 

on a route 23%), which significantly reduces the efficiency of buses. The calculated values of 

normalized variability and the uneven passenger traffic ratio on the route (which determine the 

conditions for the organization of the relevant modes of traffic on bus routes) are 0.52 and 0.78, 

respectively, which confirms the expediency of introducing on route No. 155 of the combined 

mode with express. 

Three options for the express route consisting of 81 =Z , 132 =Z  and 16=Z  stops were 

formed. According to the results of the mathematical modeling, it was found that the maximum 

efficiency of the passenger transportation process on route №155 can be achieved in the 

following two variants of the combined mode with express: ( 6,12,81 === ЕCUST АAZ ) and 

( 10,8,132 === ЕCUST АAZ ). This will release 28% of vehicles (28%), increase the speed of 

connection by 15%, the coefficient of use of bus capacity by 24%, and increase hourly 

productivity by 35%. They would also reduce the flight duration by 10%; Taking into account 

the lower fuel costs of buses operating in express mode, the total operating fuel costs would 

decrease by 25%. 
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