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Abstract. Training specialists in the Baltic Fishing Fleet State Academy (BFFSA) for 
organization of the maritime transportations includes studying the subject “Management 
of fleet operations”. Cadets have to know and to use different approaches for managing, in 
particular, fishing fleet operations [4]. Fishery is a specific part of the maritime industry 
and one of organization forms is the fishing expedition when a fleet of fishing vessels 
is created. The expedition allows to exploit distant (ocean) fishing grounds. Receiving 
and transport vessels, floating bases (mother ships) are also included in the expedition 
in order to supply vessels with all the necessary, storage and processing of fish. An 
important task is optimization of the fishing vessels transport service. The transport 
service consists of the delivery on the fleet location such kind of objects as technical and 
technological supplies, food, products for the crew life support, fuel, fresh water, etc. Also 
it is necessary to provide unloading fish or finished fish products from fishing vessels and 
their transportation to the ports of destination. The efficiency of the fishing fleet is largely 
dependent on the level of the service logistics. Therefore, it is important to study so named 
“fishing logistics” as a part of the above mentioned subject. One of the goals of such kind 
of logistics is enhancing the efficiency of the fleet operations through the use of methods 
and models for optimization of the transport service [3]. There are the special conditions 
at fishing grounds: objects of fishery are inherently mobile; the weather is characterized 
with seasonality and “aggressiveness” (hydro-meteorological conditions); loading and 
unloading operations are carried out mainly at open sea; the regimes of maritime areas are 
governed by international laws and conventions. These conditions determine the character 
of the fishery and should be considered when designing logistics of the fishing fleet service 
by the transport fleet. A project-based approach and methods of the operations research 
are used as the methodological basis for training cadets to design the project of the fleet 
service. Basic principles of the project are the optimality and variability. Optimization of 
design solutions and plans of the fishing vessels service at ocean fishing grounds is based 
on mathematical and heuristic methods and practice-oriented models. Optimizing the 
vessels service is carried out according to the time criterion. The use of the project-based 
approach in the management of the transport service of the fishing fleet allows to improve 
significantly its quality as well as the fishery efficiency and the safety of fishing vessels. The 
paper describes an example (a case study) of the solution for one of specific/real problems.
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1  THE STATEMENT OF THE PROBLEM

One of the important problems in industrial fishery 
is increasing the fishing time of vessels 

and the volume of their catch respectively. Solving 
this problem, in particular, depends on the time, i.e. the 
speed of handling (servicing) the vessels at sea. In this 
regard, it is necessary to define the right order of the 
vessels handling by the servicing vessel (a floating fish 
factory or a transport vessel). The main condition is to 
minimize the total handling time of the group of fishing 
vessels as well as the downtime of the servicing vessel. 
A methodological basis for designing and planning the 
complex of the fish fleet servicing are the systematic 
approach and methods of the operations research.

1.1 A task of the transport service of fishing vessels

Let us suppose that fishing vessels operate at a fish-
ing ground and have different distances to the servicing 
vessel: the refrigerated fish transport or the fish carrier 
(further – the transport vessel). The transport vessel has 
to handle these fishing vessels (unloading fish products/
fish raw materials and loading some supply). We sup-
pose that several fishing vessels: 1, 2, 3, ... N work on 
catching at the fishing ground (the square). Each fishing 
vessel has to follow to the transport vessel with the full 
catch for handling and to return after handling at the 
fishing ground to continue fishing. The whole cycle per-
formed by the vessel is shown schematically in Figure 1.

Figure 1 Cycle of fishing vessels transport servicing

There are the following recurrence relations:
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Then the following expressions are received using 
an induction: 
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Minimization expressions (2) is required to solve 
the given task of optimization of fishing vessels reloca-
tion. An algorithm for solution of this problem was de-
veloped by the dynamic programming method [1, 2].

1.2 Solution of the task by the dynamic 
programming method

Let us denote that the expression φ(t1, τ1, t2, τ2, ..., tn, 
τn, T) is the time required to make a full cycle for N 
number of fishing vessels. The handling process starts 
at the time T when the i-th fishing vessel begins the 
trip from the fishing ground to the transport vessel, ti – 
the trip time, τi – handling time of the i-th vessel at the 
optimum relocation. Pairs of vessels are denoted by 
symbols ij in order to identify their relocations. The 
functional equation:

φ(t1, τ1, t2, τ2, ..., tn, τn, T) = 
= min [t1 + φ(t1, τ1, t2, τ2, ..., 0, 0, ..., tN, τN, τi + 
+ max (T – ti, 0)] 

(3)
 

is obtained when the i-th vessel begins the trip and the 
handling process. 

The pair (0, 0) replaces the pair (ti, τi ) in the expres-
sion (3). The optimal relocation is obtained by replac-
ing two vessels using the expression (3), i.e. the i-th 
vessel follows to the transport vessel first and then it 
makes the j-th vessel.

φ(t1, τ1, t2, τ2, ..., tT, τT, T) = ti + tj + 
+ φ(t1, τ1, 0, 0, ..., tN, τN, Tij )  (4)

where: 

Tij = τj + max [τi + max (T – ti, 0) – tj, 0] = 
= τj + τi – tj + max [max (T – ti, 0), tj – τi] = 
= τj + τi – ti – tj + max [T, ti + tj – τi, ti)] = 
= τj + τi – tj  – ti + max [T, max (ti + tj – τi, ti)] (5) 

It is seen from the expression (5) that: 

max (ti + tj – τi, ti) < max (ti + tj – τj, tj) (6)

It makes sense to relocate the i-th and j-th vessels. 
Their relocation is reasonable when:

min (τi, tj) > min (τj, ti) (7)
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2  AN ALGORITHM FOR DETERMINATION OF 
THE OPTIMAL RELOCATION OF VESSELS 

Results described by expressions (6, 7) allow to de-
termine the optimum relocation of the fishing vessels 
using the following algorithm:
1)  to obtain information about the state of fishing 

vessels and to fill Table 1;
2)  to determine the list of fishing vessels to be han-

dled by the transport vessel;
3)  to define values of parameters ti and τi according 

to data in Table 1 and to fill Table 2;
4)  to find the least among the values   of ti and τi;
5)  if the least value   would be one of the value ti, this 

vessel begins first to make the trip to the transport 
vessel;

Table 1 Data on the location and catches of fishing vessels

 Parameters Data
Hull number of the vessel N N1 N2 … Nn

Type of the vessel A B … …

Coordinates of the vessel
Latitude φi φ1 φ2 … φn

Longitude λi λ1 λ2 … λn

Distance to the transport vessel Si, miles S1 S2 … Sn

Speed of the vessel Vi, knots V1 V2 … Vn

Catch Qi, tons Q1 Q2 … Qn

Table 2 Values   of fishing vessels parameters

Parameters Data
Hull number of the vessel N1 N2 … Nn

 i 1 2 … N
ti T1 T2 … Tn

τi τ1 τ2 … τn

Table 3 Form of a schedule of fishing vessels handling by the transport vessel

Parameters  Data
№ of the order 1 2 … n
Hull number of the vessel Ni N1 N2 … Nn

Catch Qi, tons Q1 Q2 … Qn

Period of working time
Start Тsi Ts1 Ts2 … Tsn

Finish Тfi Тf1 Тf 2 … Тf n

Working time τi, hours τ1 τ2 … τn

Table 4 Dislocation of fishing vessels at the fishing ground

Parameters Data
Hull number of the vessel N 1 2 3 4 5 6
Type of the vessel A B C D E F

Coordinates of the vessel
Latitude φi φ1 φ2 φ3 φ4 φ5 φ6

Longitude λi λ1 λ2 λ3 λ4 λ5 λ6

Distance to the transport vessel Si, miles 7 10 5 12 5 6
Speed of the vessel Vi, knots 7 9 10 10 7 10
Catch Q, tons 5 10 7 15 8 12

6)  if the least value would be one of the value τi, this 
vessel is the last handled by the transport vessel;

7)  to delete values of ti and τi in Table 2;
8)  to repeat this process with the (2n – 2) remaining 

values;
9)  to select the vessel with a lower number of priori-

ty if there are the several minimum values  and to 
order vessels on the value of ti if ti is equal to τi;

10) to calculate the schedule of handling (Table 3). 

2.1 A practical example (case study) for planning 
the transport service of fishing vessels

Let us assume that the transport vessel works at 
sea with six fishing vessels. The conditions of fishing 
are relatively stable. At the beginning of the period the 
state of the vessels group is determined by the param-
eters given in Table 4.
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Parameters ti and τi for each fishing vessel are de-
fined and Table 5 is formed.

The optimal order of the fishing vessels approach 
for handling by the transport vessel is obtained using 
further to the above algorithm (Table 6).

Then the schedule of handling vessels (Table 7) is 
calculated. An analysis of the sensitivity of the solution 
allows to determine the limits of the parameters varia-
tion where the found strategy of fishing vessels han-
dling by the transport vessel remains optimal [6]. Thus, 
in this example, an increase of the catch of 20% does 
not change the order but the handling schedule re-
quires adjustment on time.

3 CONCLUSION

The proposed mathematical model can be used as a 
simulation of the process of transport service of fishing 
vessels. It allows to study and to analyze the behavior 
of the system “fleet service” under its different initial 
data and parameters. Also the model gives a possibility 
to find the options for the system improving (for exam-
ple, to improve the efficiency of loading and unloading 
operations).

Table 5 Stepwise solution of the problem of determining the order of fishing vessels handling by the transport vessel

i ti, hours τi, hours
On the first step On the second step

i ti, hours τi, hours i ti, hours τi, hours
1 1.0 0.7 3 0.5 0.9 3 0.5 0.9
2 1.1 1.0 1 1.0 0.7 6 0.6 1.0
3 0.5 0.9 2 1.1 1.0 1 1.0 0.7
4 1.2 1.1 4 1.2 1.1 2 1.1 1.0
5 0.7 1.2 5 0.7 1.2 4 1.2 1.1
6 0.6 1.0 6 0.6 1.0 5 0.7 1.2

Table 6 The optimum order of the fishing vessels approach to the transport vessel

i ti τi

3 0.5 0.9
6 0.6 1.0
5 0.7 1.2
4 1.2 1.1
2 1.1 1.0
1 1.0 0.7

Table 7 The schedule of handling vessels 

Parameters  Data
№ of the order 1 2 3 4 5 6
Hull number of the vessel Ni 3 6 5 4 2 1
Catch Qi, tons 7 12 8 15 10 5

Period of working time
Start Тsi, hourmin 000 054 154 306 412 512

Finish Тfi, hourmin 054 154 306 412 512 554

Working time τi, hours 0.9 1.0 1.0 1.1 1.0 0.7

The given above algorithm for determining the opti-
mal handling of fishing vessels was tested in practice. 
The efficiency of the proposed method was verified by 
comparing the results of the implementation of the de-
cisions taken by the traditional method with solutions 
based on the use of the algorithm for solving the prob-
lem by dynamic programming.

Thus, the result of 20-th realizations (under ap-
proximately the same conditions of the fleet operation) 
shows that the use of the optimization algorithm of the 
fishing vessels priority service minimized by 15-20% 
downtime of the transport vessel and the loss of fish-
ing time by fishing vessels [5]. 

The fishing process has a probabilistic character; 
however the proposed method allows to find approxi-
mate strategies even in more complex models.
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