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Summary. The article dwells upon the possibilities
of the implementation of smooth calculation methods for
predicting the demand for people movement. The
developed model based on fuzzy logic allows to solve the
problem of transportation allocation - the formation of
passenger traffic for each type of route. Transportation
route selection model takes into account the following
defining factors: transportation fare on the route, average
headway on it and fullness of a vehicle. Different
combination of these factors form the attractiveness as a
criterion of an optimal route for a prospective passenger.
The article describes the gradual creation of passengers’
allocation model accordingly to the routes in the software
environment Matlab using the Fuzzy Logic Toolbox
package. The example of model implementation is given.
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INTRODUCTION

The determination of population’s transportation
characteristics as key indicators of the city areas
development is the subject of many studies conducted in
domestic and foreign urban planning and transport
planning practices.

In order to develop and adopt effective management
decisions in the public transport organization and
exploitation, the determining issue is constant (according
to the monitoring results) information on the
correspondence of movement within the territory covered
by this network. It is used for both service level
improvement and current users of public transportation
(the updating of timetables offers maximum convenience
for the users) and for encouraging more users (the
coordination of different types of work schedules). The
implementation of this important task requires first of all
the development of mathematical (computer) model for
an adequate reproduction of the actual route options of
population transportation. On this basis, the relevant
criteria for the route are suggested.

ANALYSIS OF THE LATEST FINDINGS AND
SCIENTIFIC PUBLICATIONS

The issue of passenger transportation allocation on a
street and road network of a city was investigated by a
number of domestic scientists [1-9], among which there
are Braylovskyi N. O., Hranovskyi B. 1., Horbachov P. F.,
Dolia V. K., Hetsovych S. M., Zablotskyi H. A.
Vdovychenko V. A., Liubyi Ye. V., Honcharenko S. Yu.,
Rossolov O. V., Pohrebniak E. B., Skaletskyi V. V. and

others. In their works, the initial information for matrix
correspondence evaluation is a number of passengers who
gets on and off a vehicle on each stop. The research in
this field was carried out mainly for routes of public
transport. Among foreign scientists who worked on this
subject the following ones can be distinguished: N.
Oppenheim, Y. Sheffi, J. Ortuzar, C. Winston, D. Loze,
D. Drew and others [10-14].

The analysis of scientific publications has defined the
main requirements for passenger correspondence patterns:
flexibility (possibility of additional parameters input in
order to take into account traffic situation in cities);
universality (possibility to describe different types of road
trips); relative simplicity (broad application under various
conditions of planning with and without computing
technologies) [15, 16].

Models of defining transportation capacity with the
use of fuzzy logic are qualitatively distinguished among
others in terms of minimizing necessary resources for
collecting initial data and simplicity of calculating. Due to
their structure, such models represent a “black box”
which allows to enter input data, formed in a certain way,
and receive outcomes [17].

In order to design systems based on fuzzy logic
Matlab Fuzzy Logic Toolbox package is used, containing
appropriate tools [18-21]. The package allows you to
create expert systems, conduct clustering with fuzzy
algorithms and also design neuro-fuzzy networks.

OBJECTIVE

Since population’s transportation is characterized by
ambiguity of information concerning main features of a
particular route type and preferences of its active part, the
objective of the research is to develop a model of
thetransportation route selection model on the basis of
mathematical apparatus of fuzzy logic which is realized in
software environment Matlab by using Fuzzy Logic
Toolbox package.

MAIN OUTCOMES OF THE INVESTIGATION

Fuzzy logic and fuzzy sets theory underlie many
methods of research and system modeling that relate to
artificial intelligence. To implement the process of a
fuzzy modeling in Matlab environment a special bump
package Fuzzy Logic Toolbox is used [18-21].

For the development and further application of the
transportation route selection model of population in
interactive mode are used such graphical tools, included
in Fuzzy Logic Toolbox package:

- Fuzzy inference systems editor FIS (FIS-editor);
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- Membership function editor of the fuzzy inference
systems (Membership Function Editor);
- Rule Editor of the fuzzy inference systems (Rule

Editor);

- Rule Viewer of the fuzzy inference system (Rule

Viewer);

- Surface Viewer of the fuzzy inference system

(Viewer).

FIS Editor is the primary means used for creating and
editing fuzzy inference systems in a graphical mode and
is started by entering a function fuzzy in a command line.
This function provides an opportunity for the user to set
and edit on a high level properties of the fuzzy inference
system. In particular, the number of input and output
settings, the type of fuzzy inference system, the method of
defuzzification that will be used in a future model.

In our previous studies we justified the initial
parameters of the transportation route selection model of
passenger [22, 23]. Among them, the total transportation
fare (V), average headway on the route (I) and average
fullness of vehicle saloon (N) are the input parameters of
the model; route attractiveness (P) is resulting data. The
model uses Mamdani algorithm of fuzzy inference and
centroid method of defuzzification [23, 24]. Enter the
above information on the initial parameters of the model
in FIS Editor. Fig. 1 shows the view window of graphical
interface FIS with given initial parameters of the model.

FIS Editor posseses a graphical interface and allows
to induce all the other editors and programs of fuzzy
inference systems view.

Membership function editor of the fuzzy inference
systems is used to set and edit membership functions of
the individual parameters of the fuzzy inference system in
graphical mode. It is possible to change name, type, and
parameters of each membership function. The editor
provides an opportunity for the user not only to select any
of the 11 built-in membership functions but to create your
own.

B FIS Editor: FL
File Edit View

XN

.
(mamdani)

v

N

=dfe s

| FIS Name: FL FIS Type: mamdani ‘
And method 5 - | || current Variable
Or method o | v
impication = - Type input
Range 01
Aggregation max v
Defuzzification centroid v Help Close [ ‘
System "FL™ 3 inputs, 1 output, and 27 rules ‘

Fig.1. GUI view window of FIS Editor with given
initial parameters of the transportation route selection
model.

Previous studies for each of the model parameters
defined a band for permissible values [23]: for the input

signal of transportation fare on the route (V) such interval
is defined [V iV ] in monetary units; average

headway on the route (I) such interval is defined
[1in: lnax | in minutes; for fullness of the vehicle — (N)

[0;100] in percents, for the attractiveness of route (P) —

[0;10] in points. Each defined in this way headway is

divided into areas M (small) S (average), B (large). Each
membership function of the input signals has a trapezoidal
shape. Membership function of an output signal
(attractiveness) is described by Gaussian curve.

Let us consider the example of membership function
creation, for instance, the input parameter - the total fare
of transportation (V) in software environment. Let the

maximum transportation fare V, be 1, thus the average
transportation fare is 0,5-V_, — 0.5. In Range window

enter the range of parameter changes [0; 1]. In Type
window select the desired type of membership function
(in our case trapmf). In the field Membership function
plots with the help of a mouse draw the appropriate
membership function. Similar actions are performed for
three other model parameters. Membership function
editor window of the input parameter of the total
transportation fare is as follows (Fig. 2).

Rule Editor of the fuzzy inference system is designed
to create and edit individual rules of the fuzzy inference
system in graphical mode and can be opened by Main
Menu Editor FIS (by menu command Edit-Rules). To
enter the rule choose in the menu an appropriate
combination of the terms and click Add Rule.
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Fig. 2. Membership function editor window of the
input parameter "total transportation fare".

As an example, let us consider a creation of the
following rule in Matlab environment: If the total
transportation fare is small and the average headway on
the route is small, and fullness of the vehicle is small, the
attractiveness of troute is great. With the help of
appropriate terms and logical operators this rule can be
written like this:

IF VisMandlisMandNisMTHEN PisB
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Fig. 3. The fuzzy rule base in Rule Editor of the output and separate input parameters. GUI can be
invoked with the help of main menu FIS Editor,
The main purpose of rule review program is the Membership function editor or rule editor menu command

ability to visualize the results of fuzzy inference and get
the values of output parameters (in our case attractiveness
on the route) depending on the initial values of input
parameters (total transportation fare, average headway on
the route and fullness of the vehicle). The program is
invoked with the help of main menu FIS Editor,
Membership function editor or Rule editor menu
command View - Rules.

Rule review program does not allow to edit rules and
membership functions of the terms parameters and is used
after developing the fuzzy inference system during the
phase of its analysis and evaluation. The program is also
suitable for using when you need to represent visually all
fuzzy inference process from the beginning to the end.
The user has the opportunity to assess the value of output
parameters of the fuzzy model, and the impact of each
rule on the result of fuzzy inference by changing values of
input parameters. The graphical interface of Rule review
program is shown on Fig. 4.

In the center of graphical interface of the Rule
review program are placed rectangles that correspond to
the separate input (yellow membership functions) and the
output parameters (blue membership function) of the
fuzzy inference rules. Each rule corresponds to a separate
line of these rectangles. The value of input parameter
which was obtained as a result of defuzzification is
indicated at the top of the column with the name of this
input parameter. Rectangles of the input parameters are
crossed by a vertical red line, the allocation of which
corresponds to a particular value of the input parameter of
the appropriate column. The line can be moved by
changing the parameter values. Fig. 4 shows a situation

where total transportation fare 0,5-V, average

headway on the route — 0,51, , fullness of the vehicle -

50%. Hence we obtain the value of output parameter -
attractiveness of the route reaches 8.54 points.

View - Surface. The program does not allow you to make
changes to the fuzzy inference system and its
corresponding structure the FIS. The user can choose the
input variables and the corresponding horizontal
coordinate axes (X and Y), the output variables with
vertical axis Z, viewing angle of the response surface.

Screen viewer surface of fuzzy conclusion
attractiveness of the passengers alternative transportation
options on transportation fare and headway of the vehicle
is shown on Fig. 5.
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File Edit View Options
X (input): v + | Y (input): | + | Z (output): 3 s
X grids: 15 Y grids: 15 Evaluate
Ref.Iput: | yan Nali 50] "F’W' points 191 || Hep | cose | I
Ready I

Fig.5. Example of response surface in dependence
the level of attractiveness of the transportation fare and
headway of the vehicle.

It should be emphasized, that this method is effective
for complex fuzzy models with a large number of
parameters and rules of fuzzy inference. In that case the
setting of parameters and membership functions of their
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terms in graphical mode, and also visualization of rules
can significantly reduce the labor fare of fuzzy model
development, the number of possible errors and total time
of fuzzy modeling.

To check on the adequacy of the developed model we
will give a specific example. Let us consider the fragment
of urban area, the total area of which is covered by 5
routes: 3 bus routes, 1 trolleybus route, 1 tram route.
Evaluations of overall characteristics of each of them with
the possibility of a transfer are shown in Tab. 1. 90
prospective passengers expect for the transportation from
point A to point B. Defined points connect, for instance, a
direct tram route Ne5, and a bus route with a transfer from
Ne3 on Nel. The task is to distribute passengers according
to each of proposed routes options.

Table.1. Estimates of the general characteristics of
urban routes

£ 2
2| T | E| 53
g 5 | 3| | g3
ST || 3| E%
L s = >
T L.
1 bus 4 5 80
2 bus 4 10 40
3 bus 4 15 60
4 trolleybus 3 5 90
5 tram 2.5 10 50
1-2 transfer 8 10 80
1-3 transfer 8 15 80
1-4 transfer 7 5 90
1-5 transfer 6.5 10 80
2-3 transfer 8 15 60
2-4 transfer 7 10 90
2-5 transfer 6.5 10 50
3-4 transfer 7 15 90
3-5 transfer 6.5 15 60
4-5 transfer 5.5 10 90

The first step in solving this problem is theconversion
of indicators of the overall (in the case of transfer)
transportation fare and the maximum headway on the
route into parts from their maximum values. After the
appropriate calculations have been done, we enter the
information received into the Rule viewer program of
fuzzy inference system, moving the red line in the
columns of the relevant parameters (see. Fig. 4). Over the
last column is displayed the resulting value of the output
parameter - the attractiveness of the route in points. The
more is the value of route attractiveness, the more
passengers will take advantage of it and vice versa. Tab. 2
outlines the estimated input and output parameters of the
passengers allocation model according to the routes.

Table 2. Input and output parameters of the model

g 2 8

& E x — -E

=] S o

© - (7]

¢ | %> | Eg | &% | ¢
o X — = o [
I~ £ S| byt =
Y +— © [ %] =

o 52 2 3

kol o = =

g i <

1 0.5 0.33 80 5
2 0.5 0.66 40 6.5
3 0.5 1 60 38
4 0.38 0.33 90 5
5 0.31 0.66 50 6.5
1-2 1 0.66 80 2
1-3 1 1 80 15
1-4 0.88 0.33 90 1.6
1-5 0.81 0.66 80 1.9
2-3 1 1 60 1.7
2-4 0.88 0.66 90 1.9
2-5 0.81 0.66 50 19
3-4 0.88 1 90 15
3-5 0.81 1 60 17
4-5 0.69 0.66 90 3.1

On the basis of table data analysis it is possible to
calculate the number of passengers by the received in
previous studies formula [23] for which options of
transportation will be optimal:

q = nQ P

2P

i=1
where: g, — is a number of passengers which will use i -
option of the route; Q — passenger throughput between
two points; p, — attractiveness of i-option among total n-

number.
Thus:
90
= -6,5=73,
Ges 6,5+1,5
90 -1,5=17.

Geaws =505

Hence, 73 passengers will take the direct tram route
Neo5, other 17 bus route Ne 3 and Nel with the transfer.
For these routes parameters are the following (see. Tab.1):
the route Ne5 — transportation fare is 2.5 UAH., the
average headway of vehicle is 10 min., the fullness of
saloon is 50%; for the route with the transfer from Ne3 to
Nel the total value is 8 UAH., the average headway is 15
min., fullness is 80%.

The fuzzy model of passenger allocation in
accordance to the routes developed in software
environment Matlab will be used for constructing
matrices of the passenger traffic according to each of
them. This will allow to adjust timetables of the city
transport to the needs of the population more adequately.
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CONCLUSIONS

The analysis of scientific publications on functioning
systems of passenger transportation has revealed
main demands to transportation correspondence
models: flexibility, versatility, ease.

The developed model of transportation route
selection takes into account the following defining
factors: transportation fare on the route, average
headway on it and fullness of a vehicle. For the
optimality criterion in the selection of a variant of the
route taken input (resultant) indicator - its appeal.
The transportation correspondence model s
implemented in Matlab software environment with
the use of Fuzzy Logic Toolbox package. The
gradual procedure of this model creation is provided
and its practical application is shown by a concrete
example.
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OOPMIMNPOBAHME MOJEJIM BBIOPA MAPIIPYTA
HEPEABIDKEHNS TOPOJICKOI'O HACEJIEHMA B
IMPOTPAMMHOU CPEJE MATLAB

E. ®opuanbuuk, U. lemuyk

AnHotanma. B cratbe = paccMaTpuBaroTCs
BO3MOXHOCTH MIPUMEHEHHUSI MSATKHAX METOJIOB
BBIYMCICHUS  JUIsl  NPOTHO3UPOBAaHUS  clpoca  Ha

nepe/BIKEHHE HacelieHusl. PaspaboTaHHass Monenb Ha
OCHOBE HEYETKOH JIOTMKH IO3BOJISIET PEHIUTH NpoOsieMy
pacnpeneneHus MOEe3/I0K - (dopmupoBaHue
[IACCaKUPOIIOTOKOB TI0  KaKAOMY BHIY MapIpyra.
Mogens BBIOOpa MapmipyTa NEpeABIDKCHHNA yUUTHIBACT
TaKHe ONpeesiomue (pakTopsl: CTOMMOCTh MPOE3aa Ha

MapupyTe, CPeAHUH HHTEpPBal BPEMEHH IBIKCHHS Ha
HEM M HaIlOJIHEHHOCTH CaJlOHa TPAaHCIOPTHOTO CPEACTBa.
Pasnmuunble codeTaHms STHX (DAKTOPOB MEXAYy coOOU
(GOPMHPYIOT TNPUBIIEKATENBHOCTD MAapIIpyTa, KOTOPBIH
NPUHAT B KadecTBE KpPUTEPUS BHIOOpa ONTHMAaJIbHOTO
BapHaHTa Ul IOTCHIMAIBHOIO ITaccakupa. B craTbe
OITMCAaHO MOA3TAIHOE CO3JaHHE MOJEIH pacIpeaeIeHUs
[aCCAXUPOB TI0 MapuipyTraM B IIPOrpaMMHOHM cpeje
Matlab ¢ ucnons3oBanuem makera Fuzzy Logic Toolbox.
[IpuBeneH npuMep peann3anuy MOJIEIH.

KnroueBble ciioBa: HedeTkas JIOTHKa, IPOrpaMMHas
cpena Matlab, rpaduyeckuii uHTEepdeiic, napamerpsl
MOZENY, NPHUBIEKATEIFHOCT  MaplipyTa, (YHKIHSL
MPUHAUICKHOCTH.



