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ABSTRACT

Despite high importance of mass passenger transport
for ensuring mobility of urban population, the current period
is characterized by a pronounced shift in priorities in
implementation of measures for development of the transport
system of a large city towards private transport. Along with
impossibility of maintaining high rates of construction and
reconstruction of the main street and road network, such a
position regarding urban planning results in significant
overload of almost the entire transport infrastructure of a
large city. In the opinion of most experts, key measures aimed
at stabilizing the transport situation in cities should comprise
implementation of a policy of active development of the mass
passenger transportation system. Among the issues of
organizing passenger transport operation, the most
interesting is the procedure for tracing routes followed by
subsequent development of a rational routing scheme, since
inmany respects the urban passenger travel time will depend
on the results there-of. Improvement of the passenger
transport routing scheme, considered in relationship with
development of the city’s main street and road network, will
allow achieving the required level of convenience by
increasing traffic flow speed.
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After reviewing domestic and foreign works devoted to
the study of urban transportation systems, it was found that
the known methods of development of passenger transport
routing schemes do not fully consider the interaction of traffic
flows with urban main roads. Often, experts pay insufficient
attention to optimization criteria that allow a comprehensive
analysis of rationality of routing schemes options. Analysis of
the requirements for bus routing, the choice of priority
directions for their development and convenience of
movement made it possible to generalize the principles of
designing routing schemes and to assign criteria for their
optimization. It has been established that speed is the most
significant criterion for optimizing transportation systems,
considering the peculiarities of the organization of traffic flows
on the road network of a large city and its transport and
operational conditions. Based on the routing experience
accumulated over almost a century, an approach has been
developed to reasonable assignment of measures for
reorganizing the routing scheme, which allows us to consider
the factors that determine the technical condition of the road
network and the characteristics of traffic flows. Its general
idea is to connect separate links of the transport network and
to sequentially develop a set of competing route options, one
of which will later be included in the rational routing scheme.
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Background. The vital activity of a modern
large city is supported by its infrastructure, in
which the street and road network, as well as
passenger transport operating on that network,
occupy the central positions. It is necessary to
highlight the high social importance of urban
passenger transport, which manifests itself in
ensuring freedom of movement of city residents
and in reducing travel time.

To date, the degree of development of urban
transport infrastructure does not allow to fully
meet the transport needs of the population. First,
this is due to a decrease in the pace of construction,
reconstruction, and overhaul of transport
infrastructure, e.g., roads. Transport problems are
most acutely expressed in large cities, the planning
scheme of which have been taking shape for a long
period of time under the influence of historical
factors. Under such conditions, insufficient
development of road transport infrastructure leads
to the fact that passenger travel time significantly
exceeds the maximum permissible values [1; 2].
This contradicts the basic rule formulated earlier
by the French architect Le Corbusier, according
to whom the rate of modernization of transport
infrastructure should not lag behind the rate of
development of the city as a whole [3]. In turn,
construction of new main streets and roads will
require freeing of urban areas, which means that
it will necessarily be accompanied by demolition
of existing buildings. A more humane solution to
the indicated problem is the rational use of
underground and aboveground space, however,
this will also require colossal investment. At
present, one can observe the opposite, extremely
negative phenomena, such as manifestation of
activity in development of free urban areas and,
above all, promising peripheral zones for mass
housing construction and building of large
shopping and entertainment complexes, which
leads not only to significant congestion of
transport roads, but to overload of the entire
engineering infrastructure of a large city.

An increase in economic activity of the
population, accompanied by an increase in
transport mobility of citizens, leads to the fact
that the daily use of a car becomes more attractive.
At the same time, a passenger car is characterized
by a low carrying capacity, while occupying a
significant area of the carriageway. This testifies
to ineffectiveness of using this type of passenger
transport for performance of job travels that are
stable and massive in certain periods of time. At
the same time, it is obvious that all movements of
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townspeople cannot be realized exclusively by
public transport. It should be noted that cars play
an equally important role in organization of the
transportation process, because they can provide
asignificant part of urban travelling with cultural,
domestic, and mixed purposes [4].

A significant increase in motorization,
characteristic of cities in Western Europe and the
United States in the post-war period, has caused the
emergence of serious crisis phenomena, accom-
panied by traffic congestion, a decrease in car speeds
and, finally, an increase in road traffic accidents.
Even then, it became obvious to specialists that
urban roads laid before mass emergence of cars did
not correspond to the parameters of traffic. Later,
many experts recognized the erroneousness of the
previously chosen course and the need to implement
a policy that presupposes development of a mass
passenger transport system [5—10]. At the same
time, the researchers note [5; 7; 9; 10] that the sole
increase in attractiveness of mass transport does not
allow by itself achieving the desired level of decrease
in intensity of urban traffic flows. Besides, the
pressure of the automotive industry contributes to
distraction of attention of citizens from mass
passenger transport and to development of the habit
of using private transport.

According to experts [11; 12], Russia lags
behind some developed countries in terms of
transport infrastructure development by more
than 20 years, repeating the mistakes of other
countries and, as a result, experiencing the same
problems. Thus, the design solutions currently
being developed in our country to a greater extent
reflect the interests of the owners of private
passenger cars, which provide no more than 40 %
of the volume of passenger traffic. When
modernizing the city’s transport framework,
attention paid to route operated types of public
transport, represented by an insignificant share
in the flow structure, but at the same time carrying
out the bulk of passenger traffic, is clearly
insufficient [1; 4; 12].

The pronounced disproportion in priorities
for development of mass and private passenger
transport contributes to strengthening of opposing
of competing types of passenger transport to each
other, and, as a result, brings the indicated
problem to the highest urban planning level [13].

Many researchers [2; 3; 8; 12; 14—17] note
that the choice of a rational routing scheme takes
one of the most important places among the issues
of organizing mass passenger transport operations.
Urban passenger travel time largely depends on
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Principles of optimization of routing schemes J

To apply variance design, based on optimization criteria

To minimize travel time

Pic. 1. Principles of optimization of
routing schemes (authors’ scheme).

To minimize mutual duplication of routes

To ensure at least minimal transferability

To choose the directions of routes, corresponding to stable passenger flows }
To coordinate routing schemes of various modes of transport }

INUNEESI

To consider operation indices of road network when tracing bus routes ]

how well the routing scheme is developed. In this
regard, the routing scheme must be considered in
relationship with the city’s road network.

Since the 30s of the last century, scientists
from all over the world have been working on
improving bus route schemes. In Russia, the works
of A. P. Aleksandrov, L. A. Bronstein,
A. Kh. Zilbertal, V. S. Larionov, A. A. Polyakov,
D. S. Samoilov are fundamental in design of urban
passenger transportation systems. The works of
B. L. Geronimus, D. Dzhumaev, M. E. Antoshvili,
V. M. Buneev [1], G. A. Varelopulo, I. V. Spirin
[3], E. A. Safronov, M. V. Khrushchev [15],
F. G. Glik [14], S. Yu. Olkhovsky [16] and
V. V. Yavorsky are devoted to development of
scientifically grounded methods of constructing
bus routing schemes. Among the works of foreign
authors, of particular interest are scientific studies
devoted to the issues of modelling the public
transportation network [18].

As a result of studying the experience of
routing, it has been established that the existing
methods for constructing optimal routing
schemes require clarification of their provisions,
since they do not consider technical parameters
of city streets and roads. Thus, further development
of an approach to reforming the routing scheme
in relation with operation of the backbone
network is an urgent issue.

The analysis of the requirements for operation
of urban passenger transport, presented in some
detail in scientific sources, made it possible to
single out the main principles of optimization of
traffic routing patterns (Pic. 1) [4].

The application of the principle of
multivariance is due to complexity and ambiguity
of the problem of routing for urban passenger
transport and is dictated by the need to choose
the most rational solution. Since the quantity of
options can be large, it is important to use
methods that reduce the number of possible
options. This can be achieved by eliminating
unrealistic and uncompetitive options, as well as

by selecting only a certain category of them for
further detailed consideration [15].

The presentation of the objective in the form
of a set of performance criteria is the most
important stage in the study of the urban
passenger transportation system. In this case, the
most effective method is the one that allows us to
search for a solution according to one of the most
important criteria with transfer of the rest to the
category of constraints. In general, it can be

written as follows [4]:
X > extrem

Ylmin < Y] < Ylmax (1)

‘min ‘max
Y Y, <Y

where X is the most important criterion,
determined based on expert estimates;

Y is a set of secondary criteria sufficient for a
full description of the role of the object under the
study.

The criteria for optimizing individual routes
and routing schemes adopted in the work are
presented in Table 1 [4]. According to most
researchers, the main criterion may be travel time.
Moreover, the norms of time spent on job travel
are established by the current regulatory document
[19].

Considering the multicriteria nature of the
routing problem, the approach to choosing the
most rational solution should be presented in the
form [4]:
for a routing scheme:

t,, —> min
L. <l <1
K, <Ky,
K, >Km

Bav <Bmax

‘max

for a separate route:
t,, —>min
KM <K, <K™
S < <™ | 2)
KM <K, <K™
KM <K, <Km™
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Table 1

Criteria for optimization of passenger transport routing schemes

Optimization area Name of optimization criteria

Rational limits of variance of criteria

Routing schemes

network K
n tot

Average city resident travel time t . o < 40 min
Transferability coefficient K, 1,15 <K <1,30
Route coefficient K 2,0<K <30
Density of the route network MC | 1,5< <25
Coefficient of non-straightness of trips within the route K <1,25

n tot

Bus routes Average passenger travel time t

av MT

Length of the route |, ordinary 15—30 km
circular up to 40 km

Coefficient of use of provided seats [occupancy] K K,.>0,5

Indicator of road surface condition B | B, <3,0

Coefficient of non-straightness of trips within the route K K,<1,25

Among the known approaches to improving
the current routing scheme, the method of
successive approximation to the optimal variant,
considered in the works of E. G. Glik [14], should
be distinguished. The development of this approach
can be traced in the works of S. Yu. Olkhovsky and
V. V Yavorsky [16]. Scientists have proposed more
detailed dependencies and algorithms that allow a
number of additional criteria to be taken into
account when adjusting the route network. The
ideas applied in this approach formed the basis of
the methodology [4] proposed by the authors of
the article.

The considered methodology is based on the
analysis of the matrix of trips not served by routes
included in the original basic framework. The
subsequent formation of a new candidate route
consists in choosing its base corresponding to the

most straightforward chain from the table of
unrealized links with the highest value of
passenger traffic. Further actions are to build up
the base under consideration by adding the most
suitable links to it. In this case, all connections
that partially coincide with the base of the route
being formed are considered, from which several
variants of combined chains are further
constructed. Depending on location of the base
of the route relative to the central part of the city,
the build-up of connections to the original chain
is performed in one direction or in different
directions, consistently approaching the intended
end points. For each superimposed chain, which
is now considered as a new base of the route, the
process of building connections is repeated
(Pic. 2). Based on the resulting «tree» of chains,
a set of variants of the projected route is formed
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Pic. 3. Formation of a subset of variants of the projected route (authors’ scheme).

estimated period of time

v

Development of an initial skeleton of the routing scheme (basic version), consisting mainly of
routes that do not require adjustment

v

Development of a routing scheme option that meets the criteria of optimality, by consequently
adding new routes to the initial frame,

v
[ Development of scenarios for increasing the efficiency of the city's road network by considering activites ]

[ Development of a matrix of job trips between the selected transport areas of the city for the ]

of various levels of complexity and capital intensity,

Development of routing schemes options based on the road network development scenarios

v

Choice of the most appropriate option for development of the road network and for passenger
transport routing scheme based on assessment of economic efficiency

Pic. 4. The sequence of designing the passenger transport routing scheme, considering
improvement of operational characteristics of the city’s road network regarding its use for transport
purposes (authors’ scheme).

(Pic. 3). As aresult of a directed search, the most
rational option is selected, considering

complete if it fully meets all the necessary
conditions.

optimization criteria (Table 1), which will
subsequently be included in the rational routing
scheme.

The most rational variant of the route under
consideration is identified in accordance with the
adopted optimality criterion, chosen from the set
of criteria that follows: average passenger travel
time t_, route length 1, non-straightness
coefficient of trips K , utilization rate of provided
seats [occupancy] K . The procedure for
including new routes into the initial framework is
repeated until all possible trips have been
implemented. At the same time, it is necessary to
try to ensure that the number of transfers between
disconnected areas does not exceed one. The
process of designing a routing scheme is considered
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The use of combinatorial analysis with
directed selection of variants allows obtaining a
single variant of the routing scheme, which is close
to optimal in terms of its indicators. The
formation of various options for routing schemes
can be based on alternative scenarios for
development of the city’s transport network. The
choice of the most preferable variant of the
routing scheme is carried out based on optimality
criteria selected above. In this case, the most
significant criterion is travel time.

The main stages of designing a rational routing
scheme, considering development of the city’s
main network, are shown in Pic. 4.

Conclusions. Considering the routing
experience accumulated over a long period of
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time, an approach has been developed to improve
the bus routing scheme for the conditions of a
large city, in relationship with the operational state
of the road network regarding its use for transport
purposes. In contrast to the previously developed
methods, the proposed approach considers
optimization criteria, which make it possible to
comprehensively evaluate the efficiency of routing
schemes. Its essence lies in the «gluing» of
individual links of the transport network and in
sequential developing of a set of competing route
options, one of which will later be included in the
rational routing scheme. At the final stage of the
proposed algorithm, alternative variants of
rational routing schemes based on scenarios for
development of the city’s transport infrastructure
are developed. This will ensure an increase in
speed of the entire traffic flow and, as a result,
reduce the non-productive travel time.

Further research will be aimed at clarifying
the dependencies and the algorithm for calculating
speed of transportation for various types of
passenger transport. At the same time, it is
supposed to consider more comprehensively the
factors that determine the technical condition of
the road network, the characteristics of traffic
flows, including their combinations. In addition,
soon, it is planned to study the possibility of
automating the proposed calculation procedures
using specialized software for transport planning
and modelling (PTV Visum).
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