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Abstract. In this article technological processes in transport terminals are analysed. A technological scheme of
the transport terminal is analysed graphically reflecting the sequence of working operations with regard to aerial
location, necessary equipment, outfit and workers. A technological graph chart reflecting the technological ac-
ceptability and time normatives of technological operations of a transport process is present. The estimation and
adaption of models in transport terminals are presented. A dynamic model serving the development of general
transport capacities was elaboated for process modeling of transport terminals.
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1. Introduction

The analysis of technological processes and their
optimisation in transport terminals enables successful
functioning of freight transport, thus guaranteeing for
consignee reliability, independency and quality [1-4].

At present in terminals various operations are
performed that influence vehicle and freight inspec-
tion. The inspection quality partially makes a positive
influence on security, freight preserve, and efficient
delivery to the client. Therefore it is important to
analyse technological processes in transport terminals,
their optimisation opportunities, as well as the appli-
cation and assessment of models.

2. Analysis of the technological process in transport
terminals

For structuring technological operations of a trans-
portation process it is necessary to start the analysis of
the amount of necessary equipment, its location, outfit
of terminals and working places of the main working
staff, the analysis of the present technology conditions
and methods of organisation of operations in proper
places. Also it is necessary to have the data about ve-
hicles, their supply, loading capacity, length, norms of
time required for typical working operations, informa-
tion systems used, data exchange methods, determined
norms for management of vehicles work (inner instruc-
tions, work management, decisions, statements, etc.).

Itisimportant to analyse the technological scheme
of the transport terminal graphically reflecting the se-
quence of working operations with regard to aerial lo-
cation, necessary equipment, outfit and workers.

It is necessary to present a technological graph
chart reflecting the technological acceptability and
succession of relevant operations in line with the or-
ders of executive personnel, work range, norms and
time normatives of technological operations of a
transportation process.

It is important to evaluate the accounting of time
functions in handling vehicles regarding the depen-
dent and independent positions of critical work.

It can be seen from the technological graph chart
that the general succession of handling is the sum of
critical operations (dependent and independent).
Thanks to the technological simplicity and reliability,
the given equal number of vehicles and equal initial
conditions, it is convenient to define data in the uni-
form measurement unit, by which all operations will
be related and to which all time normatives will be
attributed. Usually the number of vehicles is selected
as such a measurement unit [5-7].

Reliability of technological system mostly de-
pends on the technical equipment of handling and
on the reliability of staff. Efficient and uninterrupted
traffic of vehicles to the place of destination and han-
dling depends on the reliable arrangement of activi-
ties of transfer posts.

In the location of document procedures actually
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the same repetitive operations are carried out: docu-
ments are received, filled in, accumulated, structured
and then forwarded.

If by personnel fault the normal flow of one of
the elements is inhibited, the total cycle of a vehicle
handling process will be disconcerted and the process
of document preparation for forwarding will be in-
terrupted, which will cause downtime. For this rea-
son the departure organisation is carried out in three
directions: in the reception location of freight con-
signment, in the technological centre where docu-
ments are prepared and in the distribution post where
freight is formed.

It is obvious that the organisation of the techno-
logical centre of terminal (TCT) and transfer activi-
ties are of utmost importance.

Organisation of TCT activities in the process of
preparation of documents has to meet the possibili-
ties of all links of the chain, all units related to freight
handling.

Document procedures are carried out in two di-
rections: procedures of handling the main documen-
tation and performing of subsidiary operations for
document handling. The process of handling of the
main documents covers the reception of documents
from drivers, checking of waybills or denotation, for-
warding of documents to TCT, sorting station, mar-
shalling of documents according to references on
boxes and keeping straight to the sorting plan, stamp-
ing, accumulation/archiving, selection of documents
for freight consignment, transfer to forwarding cen-
tre and, finally, submission of documents to the de-
parting vehicle driver.

The following belong to the subsidiary processes:
customs and border-crossing transfer documents and
vehicle inspection, all other operations related to the
management method according to the location of
freight, technical and commercial inspection, elimi-
nation of commercial and technical discrepancies.

The main process of document handling has to
be carried out gradually in the process of freight move-
ment.

Subsidiary processes have to comply with the
general movement range.

Freight consignment after arriving in the fleet
(t,) is disintegrated (tp =ty +1t,c) and together
with the end of the disintegration occurs a possibility
to start a new formation (ty). After a new freight con-
signment is formed it may be forwarded/transferred
to the forwarding centre/fleet. Until this moment
documents have to be handled/processed by TCT
within certain time (t,), sorted within certain time
(t,) and inspected within certain time (1;). After-
wards they are transferred from one point to another
point within certain time (1 ), i.c.

t, +t, +t, =t +t,, +t, +t;,
from here

tep =1, +1, +t, (1, +1, +15).

In the course of the optimisation of a techno-
logical process one of the possibilities may be this: it
is necessary to establish in the terminal an indepen-
dent transfer centre of TCT base. This centre has to
be located near the inspection premises. In the places
of arrival and departures special customs and border-
crossing posts have to be located. Intake and release
operations should be going on in these posts.

Customs and border-crossing staff busy with ar-
rival, sorting (forming) and in departure fleets have to
be related to TCT and to have bilateral communica-
tions. Operational transfer system of documents has
to be installed between TCT and special posts. It should
be coordinated with the director of the terminal.

Complex approximation of the technologies used
by the organisation and those rationally functioning
within it enable the optimisation of a technological
document handling process. It may be defined as fol-
lows:

TCT base independent forwarding centre re-
ceives a document. It is fixed there and its one copy is
forwarded to the inspector together with sorting sheet,
another copy is forwarded to customs office. Customs
officers meet or inspect vehicles with this document
using technical means (inspection devices, industrial
television, etc.). In the case of occurrence of discrep-
ancies between the present condition of the train and
the present document the data are coordinated by the
radio communication with the customs officer situ-
ated in the transfer post.

It has been calculated that the organisation of such
inspection of freight consignment enables to decrease
the time of these operations by 8—10 minutes.

The issue of coordination of both systems jointly
(each of them is handling a relevant direction) has a
number of advantages: it facilitates inspection of ve-
hicles, improves communication between posts and
TCT. Further problems concerning the organisation
methods of the inspector work occur.

Therefore, these issues have to be necessarily
handled separately by each case considering typical
technological processes and present local conditions
[8-11].

3. Application of technological means and model-
ling of processes in transport terminals

Analysis of management by complex technical sys-
tems. Management problems are very important and
urgent.

Management of the quality of transport technolo-
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gies application in transport terminals covers an inte-
gral multiplan process and consists of the following
operations: analysis of management system, planning
of transportation quality (security of transportation,
safety of transported goods, processing of transpor-
tation documents), reception of the information on
haulers participating in the process of transportation,
analysis of this information, reception of feed back
information and its analysis).

Management of quality of technological means
application in transport terminals, which meets the
general theory of management of transport terminal,
embodies an integral multi-plan process consisting of
the following operations:

*  Creation of management programmes;

*  Planning of transportation quality (transporta-
tion safety, security of goods, documentation pro-
cedures, etc.);

*  Reception of data and analysis about all haulers
participating in freight transportation;

* Indications arising from received information
analysis.

Thus, the management of technological means
application quality or technology of transport termi-
nals covers the implementation of means, handling
and consolidation. The main principles of manage-
ment technologies are the following: sistemacy, defi-
nition of tasks, adaptation, dynamics, quality
normatives, and standardisation.

The optimum achievements of technological
quality standards are defined on the basis of the cost
of organisational-technical and economic measures
interrelated with commercial principles and impact-
ing certain factors and conditions.

The creation of a model of transport terminals
starts from the analysis of the modelled object, by the
application of mathematical formulae, the accumula-
tion of information with the aim of qualitative coor-
dination on the basis of experimental mode and with
the view of accomplishing the task to make its analy-
sis, correction of model by supplementary solutions
and finally, to carry out the last testing of the experi-
mental model. Only after the accomplishment of such
operations, the model may be disposed to informa-
tion system for the use and accomplishment of the
tasks [8-11].

The object analysis has to pertain to a full view of
the modelled system and its management capacities.

The mathematical formulation of the system will
determine how efficient the system will be. The math-
ematical formulation of the systems makes the mod-
elling of the whole process, i.e. the description of eco-
nomic processes and economic-mathematical actions
of the model. The aim of modelling is a possibility to
manage and control a concrete process.

Several mathematical models are used for the
optimisation of the process in transport terminals:
*  Optimal programming: linear, non-linear, dis-
crete, block, etc.;
*  Network methods of management and planning;
*  Theory of mass servicing/handling, etc.

In general the mathematical model may be ex-
pressed as follows:

z:f(xl,xz,...,xn)a max (min); (1)

0i = (%, X0 X )< b (1 =1,2,...,my); 2)

0i = (%, Xp,.0n X ) =by [ =m+1,m +2,..,my); (3)
X

=by
n)2b ([i=my +1my +2,...m);(4)

(0} :(xl, X2y ey
Xj20(j=1,2,...n); (5)
X (j=m+Ln,+2..); (6)
X;<0(j=ny,+Lny,+2,..,n); (7

here (1) — the function of aim; (2)—(7) — restriction
system; bj 2free members of restrictions
| =1,2,..,m).

The aim of the system is to show the condition of
the system to be achieved in the process of manage-
ment. The use of a methodological basis in the cre-
ation of technological management would enable a
possibility to meet all the demands and requirements
of the market.

The efficiency of the technological process may
be evaluated by the only criterion — the growth of na-
tional income in regard to the production costs or in-
creased transportation resources under the optimal
proportion between consumption and accumulation
funds.

According to their contents all economical crite-
ria of the national economy may be attributed to one
of the three groups:

* Maximum economical effect under fixed ex-
penses/costs;

*  Minimum expenditure under fixed effect;

*  Maximum economic effect using available re-
sources.

Given the concrete task the economic criteria
have to meet these requirements:

* To reflect objective demands of the national
economy for handling/servicing system;

* To reflect the demand of this service for the na-
tional economy system,;

*  Toreflect costs/expenditures and obtained results;

* To foresee the scientific progress of this type of
services.
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Optimal selection of the criterion sometimes
causes certain difficulties and problems that cannot
be solved unambiguously. The criterion of applica-
tion of technological means has to be analysed com-
prehensively, so that afterwards to avoid errors in the
solution of problems. The criteria usually depend on
management parameters (X j ) Shifting dimension
changes depending on the number of variation possi-
bilities. Most peculiar are those that are using vari-
ous technologies in tasks. Not only relevant technolo-
gies often are included into the model, but the indi-
ces defining the economical parameters of the sys-
tem as well [10-11].

4. Using of models in transport terminals

Lithuanian transport system development strat-
egy foresees the investigation of the interface between
all transport modes, namely: road, railway, maritime,
inland waterways, pipeline and in part, air transport
[12]. For this reason the whole number of models was
adapted and principally changed.

For transport modelling, for the assessment of
costs for its efficient operability maintenance, a dy-
namic model serving the development of general
transport capacities was elaborated. In the model the
following denoted values are accepted:

G(t%— general costs for the period £; V (t) —trans-
portation capacity of transport system for the period
t; m —comparative costs of the transportation capac-
ity unit, the costs being necessary for uninterrupted
functioning of transport system; f —comparable costs
of a transportation capacity unit, necessary for renewal
(replacement of present ones) of transport means; r
— transportation capacity unit comparative costs nec-
essary for the increase of transportation capacities;
k —coefficient of proportionality; K;, K, —constants
of integration.

The general costs of transport functioning related
to transportation capacity:

G(t)=kv(t),
where kV(t)=cv(t)+rv'(t),
c=m+f.

Having solved the differential equation in V(t)
attitude we will obtain:

k-c
r

V()= K —t+Kjp
The latter model may be generalised by three
cases of the assessment of costs necessary for the
maintenance of transport system working ability in
transport terminals.
Case I. First generalisation — by presenting the
general costs in the form of the linear equation:

Kit)=a +bt,i=1..,()N,
where a —initial costs; ¢; — coefficient of cost increase
for a time unit.

Coefficients K; (t) may be interpreted as linear
functions for maintenance of system work ability in
transport terminals.

The function of general costs is put down as fol-
lows:

V'(t)= —%V(t)

From this c c

CECIRIN SRR
C

In this expression the first member assesses the
influence of external factors on the operation of trans-
port activities in transport terminals.

The second member characterises the influence
of factors (the ageing of the main transport means,
the structure of the main transport means fleet, etc.).

If | =3, we shall obtain:

V=i " for ALY

Cc
where Aft)= Ka0)+Ka(0)+ Ks(0) Ee?tdt .
r

Case II. The second generalisation is the coeffi-
cients of comparative costs, which are divided into
separate components for the sake of assessing the
separate factors.

In this case the model of general costs is put down
as follows:

G)=3 eV )* 3 V0, i =N, | =20N .

Computer technology enables us to analyse the
real levels of specification during the processing of
the different forecasted data.

Case III. The third generalisation is the assess-
ment of the reversible impact of transportation ca-
pacities on the general costs.

Transportation capacities expansion enhances the
realisation of transport services and preconditions the
growth of transport functioning costs, its work ability
maintenance, and modernisation.

Therefore the function of general costs will be:

o) z ORES
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Coefficients g; may be analysed as coefficients
of proportionality between the costs of the transpor-
tation capacity and the separate elements of the trans-
port terminals. In turn, these coefficients may act as
transportation capacity functions:

gi =u +zV(). i =1()s,

where U; — initial costs for maintenance of system’s
work ability; z - coefficient of cost increase for a
time unit.

For assessing the efficiency of separate transport
modes and for their mutual comparison it is neces-
sary to have a system of indices characterising the
operation of transport, the coefficients of the value
of these indices and the rules of their aggregation into
a uniform quantity.

From the whole set of indices the principal ones
are selected characterising the efficiency of transport
system operation:

*  cost of transportation;

* time consumption for transportation (in mon-
etary expression);

* time consumption for waiting (in monetary ex-
pression);

*  cost of transportation unit.

The operational efficiency of a transport mode
is assessed as follows:

lem = (@dy)+ (Bdz)+ (vd3)+(8ds), (8)
or, if detailed more specifically according to the
transport modes, the route, and freight types:

IEMi,r,C = (ai,ri cidli,r,c)"‘(Bi,r,cdz,i,r,c)"'

(yi,r,cd3,i,r,c)+(Ei,r,cd4,i,r,c)> (9)

where i - index of transport mode;  — index of route;
¢ — freight type index; a — freight category; d; —
transportation cost; [ — time consumption, h; d, —
recalculation of freight unit transportation time
consumption (into the cost in monetary expression);
y — waiting time, h; d3z — recalculation of freight unit
waiting time into the cost (in monetary expression); &
— probability of freight non—delivery, its loss or
damage; d, — cost of freight unit.

For the assessment of the transport system op-
erational efficiency in general it is necessary to sum
up the meanings of separate transport modes ob-
tained:

|E|V| :MllEM1+M2|EM2 +"'+MiIEMi — min’ (10)

G

=Y M.C;m ¢ -c(c=1...C) typeof
=1

freight volume transported by the i-th transport mode;

— general amount of freight transported by the i-
th transport mode.

where M;

Having solved (8)—(10), it is possible to identify
an efficient combination of transport modes. Whereas
the assessment of transport modes is exercised as that
of the whole transport network in general, the applied
data is very aggregated. In transportation planning
such an aggregation level is not always necessary.
Usually it suffices to select the most efficient trans-
port modes in one corridor existing in transport sys-
tem. In such a case the problem is being solved:

lem =M +Molem,, +..+Milgy, - min, (11)

when

) (12)

where M;; — general amount of transportation
performed by the i-th transport mode in the corridor
r; Mj r ¢ —c mode freight transportation performed
by the i-th transport mode, in the corridor r.

Whereas all the indices are expressed by the cost,
the application of models does not cause difficulties.
Models may be used also for the solution of complex
problems, for instance, for the assessment of efficiency
influence of separate transport means functioning [ 12—
14].

Static model with discrete-continuous variables. 1f
we dissociate ourselves from the structure of trans-
portation volumes and changes of direction in time,
then the model of the problem may be presented as
follows:

in F(X,n)=mi fu (X, X
min (x,n) r)t(ﬂﬁ%% a (X X e, (13)

When there are restrictions:

SpX =b; (14)

X=0; (15)
)

Nuk = %—Du,k; (16)

> Nuk <1 Ou; (17)

k

x% Nuk 2= 0 Ou; (18)
>
k

Z NukNuk < Rj 4, (19)
u

where f —function of brought out costs exposed in
the network element u, being k level of its develop-



212 A. JaraSuniené | TRANSPORT - 2004, Vol XIX, No 5, 207-213

ment (taking into account the development costs); X
—initial vector of network loading by flows of all freight
types; X — defined vector of network loading with
passenger transport; b — vector of shipment—delivery
amounts in the network peaks; X, — loading vector
of the network element loading u; n —identificator
showing the network element u status k (if ny =1,
then it exists, if N =0 —itdoes not exist); N =1Ny

— the sought vector of the status of technical furnish-
ing of network elements; I'juk — use of the resource j
in the network element u, seeking to lead it from the
initial status into the k status; Rj — general permis-
sible consumption quantity of the resource j; Sp -
generalised incidents matrix corresponding to the
flows of transportation of non-uniform freights:

Sp =Sy

, whereas | =12,..., p;

O+ 1 if the radius of the network goes out from the

% node i and it is possible to perform
O by it the transportation of | type freight
Sij = B (total number of freight types - p);
%— 1, if the radius j goes enters into the node i and it

O is possible to bring by it the freight |;
% 0- other cases.

Thus, according to the purpose function (13)
general brought out costs are minimised when there
are restrictions:

a) restrictions of a technological type (13) and
(14) — the condition that all transportations should be
performed;

b) for reconstruction: restrictions (16)—(17) —
every element may be only in one status, and if the
element is not created, then the work performed by it
equals to zero — restriction (14)—(19);

¢) resource restriction (19) — every resource type
may be used within the limits of the defined amounts.

In solving the problem (13)—(19) the list of means
of the optimal development of the network is obtained
however, their implementation terms are not identi-
fied, as well as their stages, i.e. successive change over
the time of the level of the elements of technical sta-
tus.

Dynamic model with discreet-continuous variables.
While formulating the dynamic problem we shall con-
sider that the identified freight shipping and delivery
time changes (vector by ), the intensity of network
loading in passenger flows x}], the influence of sci-
entific and technical advance, as well as impact of
other brought out costs for the function f}, &t , X }3

We shall also consider that:

a) possible technical supply states of each ele-

ment of network are partially ordered (for instance,
in capacity growth) and this order is realised over the
time, i.e. passing to lower levels is not foreseen;

b) the cost of “situation rescue” in changing the
state of elements is small, i.e. investment necessary
for passing of element from one state to another di-
rectly or through other intermediate hierarchic links
of state does not change much;

c) the quantity of operational costs of transpor-
tation performed by any element of the network is
identified for each entire year according to the tech-
nical supply and loading of each separate element of
the network.

Then the dynamic model is natural generalisation
of the model (13)—(19) and will be:

min F{T, X, nt)=
Xt,l’]t

t=T L
min Z Z fl,tlk (Xt, Xrtur]t)]Lk (1"' E) ) (20)

XL =0k

When there are restrictions:

Spx'=b'; 1)

x'>0; (22
m

Nu = [, Ou ket (23)

> Nuk <1 0u.t; (24)

Xa%—zﬂhk EZO Du,t; (25)
k

t=0,

t t 6,0 ;
eruknuk <Rf? 2 0 : (26)
t=6; u,k

EanLk = > ki Et-T)EO Ok, u,t,T,  (27)
k k

where t,T — index of the current year; T — length of
the accounted period; R%% _ restrictions to the
resourcesj for the general period of use from the year
0, until the year 0, inclusively (usually 6, —the year
of the beginning of planning, and 6, — the year of the
finishing of planning), if the restriction (31) is defined
for a certain year separately, then 6, =6, =t.
While defining in the inequality (26) the existing
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meanings rjtuk (resource amount is necessary to lead
the element u in the year ¢ from initial state into the
state k) then as an initial state there is taken the state
(t —1) in the end of the year.

The essence of the purpose function (20) and the
restrictions (21)—(26) are analogous (only analysed in
dynamics) to the corresponding relations (13) and
(14)—(19) in a static model. The condition (27) de-
fines the order of possible change in the technical state
of the system elements [12-14].

Solving the problem (20)—(27) it is possible to
define in which year, which elements, and of which
state should be reconstructed (or built). In this case
the time is assumed as the discrete one, i.e. the pace
of change of the quantities t, 1, 61, 6, equals to
one year.

5. Conclusions

1. It was explained that technological service of
transport means consists of technological operations
of transport means, of the transport terminals graphi-
cally reflecting the sequence of working operations in
regard to aerial location, necessary equipment, outfit
and workers.

2. The analysis showed that the complex ap-
proximation of the technologies used by the orga-
nisation and those rationally functioning within it en-
able the optimisation of a technological document
handling process.

3. For transport terminals process modelling,
for the assessment of cost for its efficient operability
maintenance, a dynamic model serving the develop-
ment of general transport capacities was elaborated.

4. The described models may be used also for
the solution of complex problems, for instance, for
the assessment of efficiency of the influence of sepa-
rate transport means functioning.
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