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ABSTRACT

Continuing the study, the purpose of which was to develop a
new approach to determining the transport behaviour of residents of
urban agglomerations, to outline the main ways of its development,
a new description of transport behaviour is proposed based on various
scientific disciplines and the theory of macrosystems.

This, according to the authors, will make contribution to laying
the foundation for creation of a currently missing theory of transport
behaviour.
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of macrosystems, uses the entropy approach to determine the
equilibrium state of the transport system. At the same time,
the model identifies an initial list of parameters responsible
for describing the «transport behaviour». The latter is
considered as a collective phenomenon that creates a
deterministic representation resulting from interaction of many
stochastically acting elements (road users). A compiled
preliminary scheme can be used to solve the problem of finding
unknowns in the system of equations and inequalities within
the model.
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INTRODUCTION
Problem Statement

The article [1] presented a new approach to
definition of the transport behaviour of the
population of urban agglomerations, outlined
the main routes of the development of the topic,
and proposed a «new approach to describing
transport behaviour from the standpoint of
various scientific disciplines, of the theory of
macrosystems, which lays the basis for creating
the theory of transport behaviour that is
currently missing» [1]. The objective implies
that «the study of transport behaviour is carried
out at the level of the «system as a whole», and
not of its individual elements, which makes it
possible to form general approaches to
management of transport behaviour to achieve
optimal characteristics of functioning of the
transport system of a city (agglomeration). The
mathematical description of the transport
system, presented in the work, has a general
form, requires expansion and addition» [1].

The construction of mathematical models
based on the theory of macrosystems, assuming
that any transport system is a multicomponent
heterogeneous open system, «has scientific
novelty and is promising to be further studied
and implemented in the transport industry. An
urgent task on this path is to study the nature of
collective behaviour from the standpoint of the
influence of motives when deciding on a trip and
of the emergence of spatial structures of
movement of passengers and vehicles, i.e.,
formation of passenger flows and of transport
vehicle flows, as well as consideration of the
concept of transport behaviour from the point of
view of psychology, sociology, and urban
studies» [1]. At the same time, construction of
an appropriate mathematical model should reflect
in a certain manner the features of individual
behaviour at the level of the entire system.

This work is a continuation of work [1].

The formation of an idea about movements
of the population consists currently of four types
of trips [2-5]: «trips from places of residence
to places of employment and back (the so-called
trips for work purposes); trips from places of
residence to cultural and public facilities (shops,
etc.) and back; trips between workplaces
(business or job trips); trips between cultural
and community facilities. The following
methods of calculating origin-destination trip
matrix are most widely represented in the
literaturey» [2]:

» Normative [standard-based] methods [6].

« Statistical methods [6].

* Gravitational [gravity] model [3].

* Entropy models [4; 5].

* Models of self-organising flows [7].

* Method of competing centres [8].

* Stouffer [Samuel A. Stouffer] intermediate
capabilities models [8], etc.

The following conclusions can be drawn
from the publications discussed above:

1) Transport behaviour can be considered
from various standpoints, namely, from the
point of view of factors that determine the
choice of a mode of travelling in accordance
with certain purposes of a trip.

2) Transport behaviour can be studied by
various methods, in particular, the general
picture of mobility of individuals by purpose,
time, travel distance and mode of transport used
is described using the method of connectivity
graphs.

3) Collective transport behaviour is the
result of interaction of individual transport
processes of each of the passengers.

4) There is a constitutive term «pattern of
daily individual activity of a passenger», which
underlies the study of patterns in the passenger
behaviour and is consistent with the concept of
a transport system of individual trips (TSIT)
proposed earlier by the authors in [1].

5) The expediency of studying transport
behaviour with the help of the theory of
transport macrosystems is confirmed.

It is important to note that the domestic and
foreign scientific literature contains little
information about how exactly the passenger
decides whether he will make a trip or not, that
is, behavioural models are practically not
studied.

Brief Information about the Current State
of Research on Transport Behaviour [9-14]

«Transport behaviour has a complex nature,
the description of this term is associated with
the definition of the concepts of «transport
mobility (or mobility) of the population» [1].

«Transport behaviour as a phenomenon is
distinguished by the following properties that
relate to the collective level of its description:

1) Stochastic nature.

2) Multitude of participants that determine
the characteristics of transport behaviour.

3) Plurality of factors influencing the choice
and shaping the dynamics of the phenomenon.
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4) Interdisciplinarity as a knowledge base
for the study of the subject. The problem of
transport behaviour should also be considered
comprehensively, explored not only within the
framework of transport science (the theory of
passenger transportation), but also of related
fields of knowledge, such as: sociology, urban
studies, economics» [1], etc.

In this work we are primarily interested in
the measurable parameters of transport
behaviour, which could be included in the
mathematical model as an initial data or be
calculated with its help. These parameters
should include:

1) Factor of splitting of passenger flows by
modes of transport within the simulated period
of time.

2) Factor of splitting of passenger flows by
purpose of the trip.

3) Distribution of origin-destination trips
along specific routes.

4) Interchange (transfer) factor.

5) Distribution of trips by range (distance).

6) Distribution of waiting time for passengers
at embarkation/disembarkation points.

7) Exchanges of passenger flows at
embarkation/disembarkation points as a
function of time, etc.

The necessary and sufficient list of
parameters that unambiguously characterise the
transport behaviour within a mathematical
model will have to be identified and substantiated
as a result of further research and calculations.

RESULTS
Mathematical Model of Transport
Behaviour (Version)

Transport behaviour in its entirety can be
described using the mathematical apparatus of
macrosystems theory, because the transport
behaviour of an individual passenger (as an
element of the TSIP) «has a random nature, is
practically not subject to description, and in
some cases could not be described even
logically. The behaviour of a single passenger
is a particular case», while «the description of
the transport behaviour of groups of passengers
is of practical interest for the purposes of
management, planning and development of the
transport system of a city (agglomeration) to
issue practical recommendations» [1].

In the article [1] a mathematical model is
given, which describes the transport system
regarding the most general case:

Gr = Gr(y;
p=p();
q=4q(1);

K
T, <1<, +AT;ATZZATk;
k=1

Vs
V(t)={V1,...,Vm,..‘,VP Vo= n0|ve pa};

v=1
v=L1...,v.(0);

T, =m,(1);

PO = {m(0),oes 7y (1), (O3
G(t)=g, ® P(t) < G*;

H(V-(Ar,{))=—il/"ln

Y, -(G,+V,)In(G, +V,) - max,
ap,

where £ is index (individual number) of a time
interval At,;

K is total number of time intervals At,;

Gr is street-road network graph;

p is matrix of transport connectivity
(connections);

g is matrix of effective carrying (transit)
capacities;

t is continuous time;

V(?) is a set, each of the elements of which is
equal to the number of cars (vehicles) that are on
the route (or participating in origin-destination
trip) o at the time #;

v is car index (its unique identifier);

v, =N, is the largest car index corresponding
to the number of vehicles at the current time;

p is total number of routes (origin-destination
connections);

n, is Boolean variable, which is determined
by relation (2) and equals 1 if the vehicle is on
the route p, and 0 otherwise;

p, is a-th route;

m, is equation of the transport process for a
car, which determines the share of the completed
transport process (transport work);

P(?) is a set consisting of separate equations
of the transport process;

B is transport process index;

G(¢) is vector function of resource(s)
spending;

g, is vector of specific resource costs for each
vehicle;

H is information entropy of the transport
system,;

G* is vector of constraints regarding resource
consumption;

ap, is a priori probabilities of finding an
element in state n;

G, is capacity of state n;
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Pic. 1. Scheme of transport connections (origin-destination trips) between districts [performed by the authors].

n is ordinal number of the state of the
elements;

m is total number of different states.

In the theory of macrosystems, there are several
ways to fill the states of the system (Yu. S. Popkov
[5]). To calculate the information entropy H in system
(1), the Bose—Einstein statistics was chosen as the
most preferable one. This statistic means that a large
(up to infinite) number of elements can be in the same
state. For example, there may be a sufficiently large
number of vehicles on the same route at the same
time to warrant the use of this statistic.

The system of equations and constraints (1)
is solved by numerical methods to find an

Q0

— e t
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Pic. 2. Dependence of intensity of source of vehicles
[performed by the authors].

equilibrium state (maximum information
entropy), which gives the distribution of
elements of the set V(?) over correspondences.
These elements are the main unknowns of
system (1).

The scheme of origin-destination trips in the
system is shown in Pic. 1.

Then,
n(r>=f<x):{]’ve"“

Ovep,.

@

To close the system (1), it is necessary to add
a set of elements to it:

1) The characteristics of transport sources can
be written in the form (3) and make it possible

A
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Pic. 3. Dependence of intensity of vehicles’ runoff
[performed by the authors].
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Pic. 4. Chart of the route [performed by the authors].

to calculate the number of vehicles «generated»
for any time interval (Pics. 2 and 4):
Q" =Q(0. 3
2) Characteristics of the runoff (absorption
centre, centre of mass gravity) located at the end
of route a (Pic. 3);
3) Equation of balance of cars, which are on
the route o
V.|, =V,

+AVO | —AVD

“)

where the number of cars which are on the route
within the time interval At, is considered (Pic. 2).
AVO|, = [ o war . 5)

o
Aty

At Aty A Ay s

The number of cars, which terminated the
transport process of the route within the time
interval At, (Pic. 3):
AV |, = [Vt

a
Aty

(6)

Thus, the variables requiring calculations in
model (1) are the members of the sets: a) V(¢);
b) P(?).

To search for unknowns, it is necessary at
each step At, to solve a problem containing the
calculation:

1) Q.

2) Q" that is, the volumes of departures and
arrivals for all transport districts.

3) H_ that is maximum value of entropy,
with an appropriate distribution of the elements
of the sets V(¢) along the routes p , presumably
considering only those vehicles that have reached
the trip destination point (x, = 1).

4) Elements of the set P(#), which requires to
introduce additional conditions on the speed of
vehicles.

5) A priori probabilities that presumably
reflect the generalised cost (price) of the trip.

Thus, it is additionally required to enter into
the description a formula for calculating a priori
probabilities p,, p,,..., p,, as well as a method
of accounting of Cﬁ* (generalised trip cost

(price)).

CONCLUSIONS

The mathematical model of transport
behaviour developed in this work within the
framework of the macrosystem approach [15]
requires at this stage knowledge of the following
parameters as of a priori information:

1) Factor of splitting of passenger flows by
modes of transport within the simulated period
of time.

2) Factor of splitting of passenger flows by
purpose of the trip.

3) Distribution of origin-destination trips
along specific routes.

It is assumed that this model will allow to
determine as a result of calculations:

1) Interchange (transfer) factor.

2) Distribution of trips by range (distance).

3) Distribution of waiting time for passengers
at embarkation/disembarkation points.

4) Exchanges of passenger flows at
embarkation/disembarkation points as a function
of time, etc.

Certainly, answers should be obtained in
the near future to questions about how the
origin-destination trip matrix will be calculated
for the proposed model [16—18], as well as on
the applicability of entropy methods for
solving problems of the equilibrium of the
transport system to modern urban systems
[19-23].
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