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Abstract: The article is devoted to the study of shipping
processes optimization problem for liquid products on oil
terminals. An algorithm for optimal choice of tanks for
loading is given. The article describes the approach to
the freight flow optimization during realization of
technological operations on marine oil terminals with an
extensive system of tank parks and cargo pipelines. The
proposed structure and algorithms for computer decision
support system (DSS) provides optimal routes forming for
product transportation while the process of lading the
marine tankers and their correction in case of occurring
emergency situation on the separate zones of freight
pipelines.
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1. INTRODUCTION

Oil-trade companies and complexes, that have their
own oil terminals and fuel warehouses, are often faced
with the fact that most oil terminals and warehouses use
equipment and technologies that do not provide adequate
levels of technological and environmental safety of
loading and unloading of fluid products and accurate
accounting of oil. Implementation of integrated
automation systems will solve these problems by
improving production and financial efficiency of oil
transshipment complexes to reduce and minimize
environmental risks.

Outdated technologies are leading to environmental
pollution and direct losses of products [4] — by
evaporation, spills [7], use of measuring devices and
devices with significant error. Creating a modern
automated systems for control and accounting of products
enables significantly reduce the loss of petroleum
products, particularly when loaded tankers at sea ports
[5,6], pumping production between separated objects of
oil complexes.

Actuality of creation of the decision support system
(DSS) for planning and optimization [10] of liquids
freight flows is growing with the increased number of
orders for loading oil [12] from the oil terminals,
increasing of tank parks and number of reservoirs, during
the reconstruction pipelines. For the effective functioning
of major oil stations such problems should be optimally
solved and the best of all possible alternatives for a
concrete order must be found. Solving a class of problems
can be made using computer decision support systems,
which allow realizing the search of optimum decisions in
the interactive modes and intended for support of different

types of activity at a decision-making, which deals with
the decision of lowstructured or unstructured problems.

2. STRUCTURE OF DECISION SUPPORT SYSTEM

The purpose of this article is to develop the structure
and software for proposed DSS [11], which provides in
the automatic mode selection of optimal tanks for
shipment of desired product mass according to order. The
decision support system also can find the best route for
the oil transportation [9] on large marine oil complexes
[13]. Thus DSS should provide possibility for correction
of the optimal route in case of emergency situations
occurring, based on the information about technological
oil shifting complex and his components, which are saved
in a database (DB) of DSS. Corrected (new) route will be
based on defined by human operator coordinates of the
initial and final points of liquid cargo transfer.

Structural DSS scheme that helps operator
interactively plan the optimal path for oil products
shipment, shown in Fig. 1. It should be noted that in order
to ensure the optimal way to implement the shipment of
the liquid cargo, DSS should carry out continuous
monitoring and analysis of all current parameters, which
may affect the efficiency of delivery of products in real
time.
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Fig. 1 - Flow diagram of DSS for optimization of freight flows
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3. OPTIMIZATION OF RESERVOIRS SELECTION

Each type of oil products are store in several reservoir
parks, which consist of group of tanks. During the process
of the optimal reservoirs (tanks) selection from chosen
parks it is expedient to take into account the remains of
oil product in each reservoir. Empty reservoirs after oil
loading are the best results of such selection process.

Problem statement. Find such k tanks from n (where n
is a number of tanks with ordered product), which need to
be shipped, that the total mass amount of product in k
tanks will be maximally closed to the mass of ordered
product.

The goal function for reservoirs selection problem.
Find the minimum value of objective function [9]

min {Zn:cijxij—Pij, 0 (

where P! — total mass of j-th type of product, which
should be loaded;

Xij — mass of j-th type of product in i-th tank;

¢! ={0; 1} —excluding coefficient.

Initial settings:

a) ¢/ ={0; 1}, when the status of i-th tank is «ready
for shipmenty;

b) ¢/ =0, when the status of i-th reservoir is
“repairing”, “prohibited shipment”, “shipping at this
moment” or “analysis of product samples”;

c) ¢/ =0 for all tanks, which included to remain not
examined parks of reservoirs with j-th type of product;

d) ¢/ =1, when operator assigns several tanks for

shipping in the hand mode.

The decision of the problem by running over all
possible combinations may be used only for a small
number of tanks [11]. The total number of combinations
K; in binary tree is

_oN (
K;=2", 2)

where N; — number of tanks with j-th type of product.
More expedient is the way of decision finding for (1)
using the methods of the binary programming, such as a
method of branches and scopes [3]. Output of this phase
is a bit array T, which consists of excluding coefficients
for each oil tank with j-th type of oil product. Thus, the
mechanism of reservoirs choice is presented in Fig. 2. The
desired value of shipment cargo is P’ =1150. The total
mass of product in chosen tank should be greater or equal
P’. Preliminary selected oil park consists of 10 tanks

with j-th type of product. Mass amount of j-th product for
each tank is (in mass units): Tank, =596, Tank, =143,

Tank, =13, Tank, =87, Tank, =24, Tank,=59,
Tank, =331, Tank, =663, Tank, =332, Tank,, =292.
The resulting array of T has the form:

T = {0110001100} . . (

Tank1 Tank2 Tank3 Tank4
596 143 13 87
M |
Tank6 Tank7 Tank8 Tank9
59 331 663 332
Tank5 Tank10
24 292
N k4 h k4

Tank2 Tank3 Tank7 Tank$8

143+13+331+663=1150

J

I={0110001100}

Fig. 2 - Selection of optimal tanks for loading

4. THE ALGORITHM OF OPTIMAL ROUTE
PLANNING
It is appropriate to represent the pipelines structure of
cargo complex for oil shifting as ramified graph with non-
negative weight of arcs (Fig. 3).
As initial vertexes according (3)

Tank ={Tank,,Tank,, Tank,, Tankg} , 2) (

of current graph (Fig. 3) are marked selected tanks from
the chosen park with j-th type of oil product. Excluding

coefficients cij in array T for these tanks are equal to one,
c)=1,cl=1,¢=1,¢)=1.
As eventual vertexes L are marked (Fig. 3) the

connection knots of freight pipeline with loading units
(piers, railways platforms etc)

L={L L L L3, 5

where L, is oil station loading unit, m=1...4.
In addition for other vertexes on a graph (Fig. 3) the
followings denotations are used:

S ={S5:Sg 534/ 6) (

where S, is pipeline network valve h=5...34.
To find the optimal route Ry for shipment [14,19], it

is possible to use algorithms of finding the minimum path
between two graph vertexes. At present there are
considerable number of algorithms for finding the shortest
path on graphs [1,8], in particular, to the class of such
algorithms are belong wave algorithm, Bellman-Ford’s
algorithm  [16], Floyd—Warshall’s algorithm [16],
Dijkstra's algorithm [16] and their modifications. The
Dijkstra's algorithm realisation [5,6,8] for developed DSS
(Fig. 1) is based on connectivity matrix [2,20]. The
elements of this matrix are lengths of pipeline separate
areas, divided by valves and other technological

components Sy, of oil pipelines. These components are the
set of vertices (6).
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Fig. 3 - Graph of the freight pipelines system

5. FEATURES OF DSS SOFTWARE
REALIZATION

Decision support system database was created in a
package of MS Office Access 2003 using two tables:

table of names {Tank,S,L}and identifications (IDs) of
graph vertexes and table of relations between vertexes
w[i, j]eW , based on IDs.

The weight of arc w[i, j] is accepted as the volume of

the pipeline link that is divided by adjacent vertexes. By
the vertexes in database are presented tanks, piers of oil
shifting complex and also all valves of the oil pipeline
system. The developed software for DSS with proposed
structural organization (Fig. 1) ensures the effective DSS
functioning in two interactive modes: off-line (search for
the optimal route) and tracking (automatic control of the
database changes in real time).

While the process of oil products loading [15] it is
possible that may be emergency damage on some sections
of pipelines, which is detected on base of information
recorded by measurement-sensory system (Fig. 1). On the
basis of the relevant sensors DB of DSS can be adjusted,
including table of.

During realization of the tracking mode, DSS
continuously checks up the state of table of relationships
between vertexes in the developed database. If system
exposes any changes in the table of relationships DSS
automatically starts the correction process for route Rgp; .

6. SIMULATION RESULTS FOR PROPOSED DSS
IN EMERGENCY SITUATIONS

Shipping of oil product takes place stage-by-stage,
separately for every tank. On every stage the optimal
route [21] of liquid freight flow is calculated and his
control is carried out while the operation is running. So in

the case of a shipment from tanks:

Tank ={Tank,,Tank,, Tank,, Tank,}, ) 7
to loading point L, the optimal routes are:
RI,(HJ ={Tank,,S;,S;,S;,S;,Sq, S35, L }» (8)
RDTptstl ={Tank,,S,;,S,,,S,,S5,Sq, S5, L} 9)

R:iu ={Tank;, S5, Si5,S17, S15+ S19+ Sg, Sg0 Lu} (10)

RoTp[SiLl ={Tanks, Sy, S35, 517, S1g: S191 51 Ser L} (11)

General lengths (in length units) of the calculated
optimal routes are:

Length R'* =41, Length R™*" =43 (12)

(13)
Fig. 4 shows the simulation results for designed DSS
at forming of optimal route between initial (Tank,) and
eventual (L) vertexes of graph, presented in Fig. 3.
Planned by DSS optimal route R, is marked by dotted

line (Fig. 4).
Let an emergency situation will appear on the section
S5 —S,; of pipeline (Fig. 2). For this purpose will make

Length ijj*“ =34, Length ijf’*“ =47,

opt

alteration to weight of arc w[Sy,S;;] of graph from

amount 3 to amount 700.
DSS in the tracking mode will automatically initiate

the correction of the preliminary found route R, . New
corrected optimal route is

R‘T7’L1 :{Tank7,Sl3, 514, S15’ Sg’ 836’ Li}

opt

(14)
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7. CONCLUSION

Developed DSS allows in the interactive modes
decide the problem of liquid freight flows optimization
during realization of technological operations on marine
and combined oil stations with the ramified system of
tank parks and freight pipelines. Proposed algorithms for
decision support system functioning provide forming of
optimal routes of liquid loads transmission at the process
of marine tankers loading [15,18] and their correction in
case of occurring emergency situation on the separate
sections of freight pipelines. A synthesis and correction of
liquid freight flows is carried out on the basis of
optimization algorithms on graphs. A structure and
algorithms of synthesized DSS allows promoting safety
and efficiency of decision-making processes in the real
time, including extreme terms.

Developed software, proposed algorithms and design
methods can be used for design of the real control systems
of automated oil complexes. It is thus necessary to
provide the terms of synchronization of DSS database
with the signals of sensors or microcontrollers which are
install on oil stations. As next step it is expedient to
explore the possibility of co-operation between DSS and
PC-based control systems on the basis of the modern
SCADA-systems, in particular TRACE MODE 6 [22,23].
Such kind of SCADA-systems provides human-controlled
management, collection and processing of data, guided
co-operation of all technological process parts in the real
time, real-time control of technological parameters and
forming of Alarm-signals for warning of emergency
situations.

8. REFERENCES

[1] M.O. Asanov, V.A. Baranskiy, V.V. Rasin. Discrete
Mathematics: matroid graphs, algorithms.
SIC"RCHD". Izhevsk, 2001. p. 228.

[2] A. Akho, G. Hopkroft, G. Ulman. Construction and
analysis of computational algorithms. Mir. Moscow,
1979. p. 536.

[3] S.A. Ashmanov. Linear programming. Nauka. Main
redaction of physical and mathematical literature.
Moscow, 1981. p. 340.

[4] AH. Christer, S.K. Lee. Modelling ship operation
reliability over a mission under regular inspections.
Journal of Operation Research Society 48 (7) (1997).
p. 688-699.

[B]M.M. Glybovec. Fundamentals of computer
algorithms. KM Academy. Kyiv, 2003. p. 452.

[6] B.N. lvanov. Discrete Mathematics. Algorithms and
programs. Laboratory of basic knowledge. 2002. p.
288.

[7] K.W. Ketkar, A.J.G. Babu. An analysis of oil spills
from vessel traffic accidents. Transportation Research
2 (1) (1997). p. 35-41.

[8] N. Kristofides. Theory of graphs.
approach. Mir. Moscow, 1978. p. 432.

[91 Y.P. Kondratenko, L.P. Klymenko, V.Y.
Kondratenko, E.A. Shvets. Optimisation and
Modelling of Cargo Transport Operations in Real
Fuzzy Conditions, CD-Proceeding of MS’08 (Spain)
“Models and Simulation in Engineering, Economics
and Management and General Applications”, Palma
de Mallorca, Spain 18-20 June 2008, pp. 208-219.

Alogoritmic

[10] Y.P.Kondratenko, L.P. Klymenko, D.M.
Pidopryhora. Multicriteria Optimization Of Cargo
Operations In Uncertainty, 77" Annual Meeting of the
Gessellschaft  fur Angewante Mathematik und
Mechanik e.V., GAMM’2006. Book of Abstracts,
Berlin, Germany, 2006, pp. 419-420.

[11] Y.P. Kondratenko, L.P. Klymenko, D.M.
Pidoprygora. A New Concept of Decision Support
Systems for Control of Bunkering Technological
Processes. The Fifth Intern. Scientific Forum “Aims
for Future of Engineering Science”, Proceeding AFES
2004, Paris, France, 2004, pp. 496-501.

[12] Y.P. Kondratenko, I.V. Tymchenko. A mathematical
model for the formation of an optimal plan for oil in
offshore transshipment ports, Materials of XIV Intern.
Conf. of automatic control, Sevastopol, Ukraing,
2007, Part. 2, pp. 193-195.

[13] Y.P. Kondratenko, V.L. Tymchenko, 1.V.
Tymchenko. Automated control system of parameters
of liquid cargo at sea ports, Bulletin of Cherkasy State

Technological ~ University.  Special,  Cherkassy,
Ukraine, 2007, pp. 46-49.
[14] G.V. Kondratenko, Y.P. Kondratenko, D.O.

Romanov. Fuzzy Models for Capacitative Vehicle
Routing Problem in Uncertainty. Proceeding of the
17th  Intern. DAAAM  Symposium “Intelligent
Manufacturing and Automation”, Vienna, Austria,
2006, pp. 205-206.

[15] Y.P. Kondratenko, G.F. Romanovsky, D.M.
Pidoprygora, G.V. Kondratenko. Optimal Planning of
Cargo Operations at Bunkering Tankers with Respect
to Dynamical Character of Their Parameter
Restrictions. IFAC  Conference on  Control
Applications in Marine Systems, CAMS 04, Preprints,
Universita Politecnica dellae Marche, Ancona, Italy,
2004, pp. 239-245.

[16] E. Mainika. The algorithms for optimizing networks,
and graphs. Mir. Moskov, 1981. p. 324.

[17] S.M. Okulov. Programming in algorithms. BINOM.
Moscow, 2004. p. 341.

[18] R. Pessenti. Hierarchical resource planning for
shipping companies. European Journal of Operation
Research. 86 (1) (1995). pp. 91-102.

[19] K. Rana, R.G. Vickson. A Model and Solution
Algorithm for Optimal Routing of Time-Chartered
Containership. Transportation Science. 22 (1988). pp.
83-95.

[20] E.V. Shikin, G.E. Shikina. Operations research. TK
Velbi. Moscow, 2006. p. 280.

[21] P. Toth, D. Vigo (Eds). The vehicle routing problem.
SIAM, Philadelphia, 2002. p. 367.

[22] D.M. Pidoprygora. TRACE MODE goes to network.
World of automation 5 (2007). pp. 22- 24.

[23] M.N. Yakoninov. Zaporizhzhya iron factory
automation. Automation of crushing and sorting plant.
Proceeding of the Fifth International Conference
“Application of the integrated platform TRACE
MODE for creation of SCADA and management of
operations: theory and practice”, Kyiv, Ukraine, 23-
25 March, p. 50.



