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Abstract. In this article methodological subjects of activities efficiency research of the transport companies as well as
other complex systems are analyzed. Methodically it is the most important to select estimation indexes of efficiency of
searching object activities. After the system of indexes is formed, it is determined that it is more useful to use the system
of technical economic indexes in order to estimate the level of efficiency of the activities of transport companies. It is so,
because none of the separate indexes individually is able comprehensively to reflect the activities of transport systems or
separate companies. Using the proposed method it is possible to research the great amount of objects according to numer-
ous indexes. The main task is to form conditionally monolithic groups from the totality of objects. The level of activities
of the objects in these groups should be similar. It would be possible to solve this task with the help of the image
identification theory. The essence of this theory is to used necessary algorithm for the identification of searching objects
signs. On this basis each object is reckoned in a certain monolithic objects group. Next step is the use of classification
algorithms, which enable to classify the whole of searching objects. In this article you would find two main stages of
classification problem solution. In the first stage the expansion of the objects into monolithic groups according to one of
the indexes goes. The quality of this stage depends on the amount of the groups and on the selection of a concrete index.
In the second stage the final objects expansion into monolithic groups according to the whole of selected technical-
economic level indexes goes. Here is the manifold classification of the objects. Its resuits enable to determine the effi-
ciency level of transport systems activities as well as to improve the quality of planning transport company’s activities.
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1. Introduction

The article gives the analysis of the topical problem
of transport companies related to the improvement of the
activity planning. The aim of the research is to offer a
new technique for estimating the efficiency of transport
companies, as well as to improve the quality of the activ-
ity planning thereof. One of the most important tasks in
solving this problem is selecting of the estimation index
system. The article presents and describes the main meth-
odological principles on the formation of such system of
estimation indexes. The presentation is followed by the
detailed analysis of the possibility to use a new method
for solving the tasks of transport. A new technique is of-
fered for solving of the classification tasks on the basis of
the image identification theory.

This method enables to objectively estimate the ef-
ficiency level achieved by the transport companies. This
gives the possibility to perform the qualitative analysis of
the transport companies and creates the basis for the ac-
tivity planning thereof [1].

2. Formation Methods of the Estimation Index System

The growth of computerisation in all fields of

economy made it possible to process vast amounts of in-
formation by creating background for making the right
decisions in planning and controlling the operation of
complex systems, including those of transport companies.
On the other hand, the rise of these possibilities sets new
qualitative requirements related with the improvement of
the economic efficiency research methods in transport
systems.

Methodologically, in order to objectively and pre-
cisely estimate the efficiency level of a certain transport
system or a separate company the most complicated prob-
lem remains selecting of the estimation index system [2].
It has taken time to find such complex, resumptive in-
dexes (e.g., transport operation scope in ton kilometres
or passenger kilometres, etc.) or an entire index system.
The importance of resumptive indexes was great before,
two or three decades ago, when the computerisation level
of systems and processes control was still quite low and
the possibilities of processing large information flows
were limited.

New economic-mathematical methods appeared and
the improvement of the technical base made it possible to
process huge amount of initial information for more ob-
jective estimation of the efficiency level of entities and
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for preparing the decision-making in controlling and plan-
ning.

The application of the economic index system in
estimating the efficiency level of transport companies is
purposeful also because no complex, resumptive indexes,
no matter how important they may be, can individually
provide a versatile and complete view of the activity of
transport systems or separate companies. Therefore, we
will now try to ground the new method for estimating the
efficiency level of separate transport companies in
Lithuania (or larger regions) and to compare the economic
activity level achieved by these companies.

Besides, the results received using this method cre-
ate the base for improving the activity planning of trans-
port companies.

As the experience shows, for certain companies it is
useful to compare the conditions of their activity and the
economic results not only basing on the general economic
indexes, but also on the total factors determining the
changes thereof [3]. Then two possibilities appear: first
to compare the activity of two separate transport compa-
nies and to estimate the results in hard restricting condi-
tions (i.e. actual activity conditions of the companies),
second to do the same estimating the possible variations
of the activity conditions, which is very important in the
planning practice.

Another important problem faced by the economists
in estimating the technical-economic level of the activity
results of various transport companies or systems is se-
lecting of principles for comparing the activity results of
separate objects.

Two variants are possible here:

1) the issue of comparing two separate indexes of
the companies’ activity is solved, and then the groups are
formed on the basis of the calculated partial comparable
indexes and group comparable indexes are calculated,;

2) from all of the analysed companies the most mono-
lithic groups thereof are formed, and after that the techni-
cal-economic level of these groups is compared on the
basis of the average index values.

The first variant is only possible with a small num-
ber of objects and an insignificant number of indexes.

The second variant is a much more promising one —
the results are compared on the basis of the most mono-
lithic object groups.

To achieve the set objectives we suggest applying
the method of comparative analysis to analyse the eco-
nomic results of an unlimited number of transport com-
panies. For this purpose we need to form relatively mono-
lithic groups of companies according to the technical-eco-
nomic level achieved by the companies. The method is
implemented on the basis of the block scheme (Fig).

The methodical views are based on the following
principles reflecting general features and differences of
the transport companies:

1. To reduce the amount of the research not separate
transport companies are analysed, but monolithic groups
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thereof are formed (according to the selected system of
technical-economic indexes).

2. Common technological and organisational trans-
port operation is characteristic of all transport companies
(separately carrying passengers and goods).

3. Inthe process of the activity the companies pro-
ceed under relatively similar conditions (construction of
buildings, acquiring of vehicles and other machinery, park-
ing renovation, reconstruction, development, etc.).

4. The system of technical-economic indexes is the
same for transport companies and their groups, and the
calculation methods are united.

5. The resources used in the process of work are the
same.

6. Variation of each of the technical-economic index
is of the stochastic character, therefore it is possible to
use united methods to estimate the changes.

It follows that the most important task is forming
relatively monolithic groups of many transport compa-
nies. The formation of such groups is necessary for sev-
eral reasons.

First — transport companies are not equally devel-
oped, they have different working experience, they be-
long to different generations. Typical features of the pro-
duction and activity process are characteristic of each stage
of the companies’ development (age and structure of the
park, technique and technology level, transport organising,
etc.). Companies established at the same or near period
usually are on the similar technique and technology level
and they are at the same points of their development
path [4].

Companies of different “generations”, on the con-
trary, quite much differ in their technical-economic char-
acteristics.
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Second - objects of the same “generation” may in
their turn differ in the achieved technical-economic level
and are classified in to different groups. Here the prin-
ciple of the companies’ monolithic character might be
their production capacities. Parking characteristics of large
and small companies are different; they also differ in trans-
port organising.

The fact that a certain variety is characteristic of each
group of companies from the point of view of space and
time makes us search for the ways to divide the companies
into more or less monolithic groups in a reliable way [5].

Third — the objective of the analysis of the whole
transport system operation and the estimation of the
achieved level and development tendencies is to give the
picture not only of the transport system development in
the whole country, but also of individual elements thereof
(transport companies and their groups).

3. Use of the Image Identification Theory to Solve the
Classification Tasks

The economists are constantly searching for more
effective ways of solving the classification tasks. In my
opinion, the set tasks today can be solved on the basis of
the image identification theory [6]. The general point of
the image identification theory is as follows:

We have a certain object of study, e.g. the totality of
transport companies. The appropriate information avail-
able about the aforementioned objects allows us to divide
the totality into separate groups using the corresponding
classification criterion. At the same time we have to form
the so-called list of features enabling us to describe each
group of objects separately. In our case dividing the total-
ity of transport companies into monolithic groups, such
list of features consists of the system of technical-eco-
nomic indexes as described by the block scheme
(xl, XDy eeey X

Further it is necessary to use the algorithm enabling
to identify the features of the objects. Functioning of the
identification system enables checking of the unknown
objects by testing with the help of certain measures on
the basis of which the features of this object are deter-
mined. Then on the basis of the established features of
the unknown object it is determined by identification al-
gorithms as to what group the analysed objects should be
ascribed. The experience of creating the identification
systems shows that practical implementation of each iden-
tification system, as a rule, is related to the solution of
tasks complex. Each of these tasks is an integral part of
the whole image identification system.

On the basis of the image identification theory we
suggest the method for estimating the results of transport
companies’ activity, which is implemented in the follow-
ing stages:

1. Task formulation and describing of the conditions
for the task solution;

2. Economic analysis of the studied objects;

3. Determining of the state and structure of the ini-
tial information;

4. Collecting of the initial information and its initial
processing;

5. Statistic processing of the initial information;

6. Computer processing of the information by the
respective algorithm;

7. Interpretation of the computer processed results;

8. Determining of the reliability and stability of the
obtained results;

9. Recommendations on the use of the obtained re-
sults improving the planning of transport companies’ ac-
tivity.

While creating the identification systems the most
important thing 1is to ensure the conditions enabling to
analyse the identified objects as detailed and properly as
possible. The aim of this stage is to determine what are
the qualities of the analysed objects, what joins or sepa-
rates them. The analysis of the identified objects gives
objective assumptions to successful solving of the fol-
lowing identification task, i.e. to classify the totality of
the objects. The choice of the classification principles is
determined by the requirements for the identification sys-
tem, which in their turn depend on what conclusions and
decisions can be made having evaluated the identifica-
tion of the “unknown” objects’ system.

It is obvious that the solution of these tasks is first of
all conditioned by the essence of the analysed phenom-
ena and the aims that are set for the research before it is
started. In our case such aims are the following;:

- Dividing the totality of the transport companies in
Lithuania into monolithic object groups basing on the in-
dexes characterising the technical-economic level of the
companies’ activity;

- Estimating “progressiveness” of the obtained
groups;

- Comparing the technical-economic level of the ob-
tained object groups;

- Further planning of the company activity estimat-
ing the results of the research.

The attention will be focused on search for the meth-
ods to divide the objects into monolithic groups, which
(the methods) are adequate to the particularity of the task
to be solved.

They have been approved in many fields of produc-
tion, however they have not yet been applied in road trans-
port. The analysis has shown that this method has advan-
tages and at the same time is quite simple as compared
with other methods applied to solve similar economic
tasks. The classification algorithm used by us especially
suits to identify the objects with characteristic features
expressed by numbers [7].

According to the suggested classification algorithm,
segmentation 4 is more advantageous than segmentation
B, provided that the distance between two nearest object
groups in segmentation 4 is larger than that between the
object groups in segmentation B. Formally this means:
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A is better than B provided that:

Qi? = maxQ,-;-l <maxQZ =0f, )

where: i, j — group numbers in segmentation 4;t, s —
group numbers in segmentation B; {;;— distance index
between groups i and j.

Besides, the group data is the more distant the lower
is the value of Q. If 04 = QP (situation when in both
segmentations the closest groups are formed from the same
points), then we have to analyse the next closest pair of
groups in each segmentation and compare them.

The essence of the selected algorithm is the segmen-
tation of the objects into groups, which corresponds to
the local minimum of the segmentation criterion. Besides,
as the initial condition a certain preliminary grouping of
the objects must be done on the basis of one of the in-

dexes from the dictionary of features (xl, X9, X )

The quality of the preliminary segmentation depends
on the number of the selected groups and on the index
according to which the preliminary segmentation of the
objects is carried out.

The number of groups is determined by the way of
expertise depending on the number of the analysed ob-
jects and on the unevenness of the index according to
which the preliminary segmentation of the objects is car-
ried out in the valuc distribution space (majority of the
groups are preconditioned by the requirement that the
groups should contain a sufficient number of objects).

To carry out the preliminary segmentation of the
objects the analysis algorithm is suggested according to
which the segmentation is carried out in the following
order:

Provided that max(x;)and min(x;)are the maxi-
mum and minimum values of the variable [ According
to which the preliminary segmentation of the objects in
to groups is carried out. The class diameter is determined:

_ max{x, )-min(x,)
M 3
where M —number of classes determined by the researcher.

Then the class limits are determined by the follow-
ing formula:

Ci ket =min(x )+ C-k; (k=1,2,..,M -1). (3)

¢ 2

All we have to do now is to properly prepare the
arrays of the preliminary data. The index system of the
technological-economic level of all analysed transport
companies must be the same, i.e. the same number of the
same indexes for the same (or several) year.

The algorithm provides for the possibility to vary
the number of technical-economic indexes according to
which the final segmentation of the objects by number
will be carried out. The researchers can also change the
number of the objects and the composition of the groups
(changing the index according to which the initial group-
ing of the companies is carried out). After preliminary

segmentation of the objects into groups is done, the next
step is to “transfer” the results of preliminary segmenta-
tion to the algorithm “Improved segmentation”. Adopt-
ing of this algorithm enables to purposively recheck the
closest object groups varying their number and composi-
tion in order to achieve optimal segmentation into mono-
lithic groups. When a pair of groups with minimal dis-
tance is checked, the points are determined therein clos-
est to another group. In case when transferring a specific
index to another group at least one of the variants im-
proves the segmentation quality, the result is “memorised”
and the whole procedure is restarted in order to further
improve the segmentation quality.

If in none of the cases the quality of the segmenta-
tion criterion is improved, then the next closest pair of
groups is checked. The procedure is repeated with this
pair transferring the points into the next group. The cal-
culation 1s finished if the segmentation quality criterion
cannot be improved for any of the group pairs. This means
that the minimum value Q of the segmentation criterion
is achieved.

Selecting different variants of the preliminary seg-
mentation which are more or less clear to the experts it is
possible to achieve different local minimums, which are
later compared by the same criterion. Actually, after the
described “checking” the segmentation quality is im-
proved by 1,5-2 times as compared with the preliminary
segmentation.

The next stage is the final grouping of the objects by
the totality of the selected technological-economic index
level, i.e. the algorithm is used enabling implementation of
the multidimensional classification of objects which is hard
to imagine in space. This results in the final composition
and structure of the monolithic object groups taking into
consideration all the factors that have influenced the level
of all analysed transport companies in a certain year.

Possible application of this method for the estima-
tion of the achieved technical-economic level becomes
much wider when the estimation tendencies are clarified
in time. When determining the monolithic object groups
by the aforementioned method it is possible to define the
tendencies for the objects to be transferred from one group
into another in each of the several recent years and, what
is most important, the reasons for these tendencies. The
estimation of these reasons would significantly improve
the quality of planning the activity of transport companies.

4, Conclusions

1. To estimate the efficiency of transport companies
we have to use not separate efficiency indexes but the
whole system of indexes. In this way technical-economic
level of the companies’ efficiency is reflected more ob-
jectively and universally.

2. The suggested method enables to analyse the in-
definite number of objects estimating tens and hundreds
of their activity indexes.
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3. The article grounds the new approach towards the
efficiency estimation of the analysed transport compa-
nies’ activity by grouping the companies into relatively
monolithic groups.

4. With large arrays of preliminary data it is recom-
mended to solve the classification tasks on the basis of
the image identification theory using multidimensional
classification algorithms.

5. The results of the analysis give significantly more
objective estimation of the efficiency level achieved by
the companies and enable to improve the quality of plan-
ning their activity.
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