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Abstract — With the rapid development of electronic information technology, we explore its important role in the field of anti-
pirate operations. A fast, precise positioning of ship combat intelligent electronic control system often becomes the key to the 
success or failure of the whole navy escort for merchant ships at sea. This paper analyses the complex system of function and the 
simulation platform of control technology, proposed for escorting ships prototype of intelligent electronic control simulation 
system, construct the mathematical model of the system's core, the core mathematical model of intelligent control system of the 
simulation test. Experiments show that it has better real-time performance, enhance the network interoperability of the simulation 
platform, and improve the efficiency and quality of the test of the fleet operational electronic intelligent control system. 
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I. INTRODUCTION 

Strong navy escort for merchant ships can not be 
separated from the mature experience of marine 
communications. To this end, it is necessary to study the 
modern naval battle effectively. However, modern naval 
battle technology content is high, various forms, can be 
described as the standard complex system. The complexity is 
mainly reflected in the complex of naval battle environment, 
the difficult decision of naval battle, the high degree of 
cooperation. Rapidly changing environment, the 
performance of the navy equipment plays a major test. 
Battlefield situation often requires commanders to quickly 
change unpredictably, make decisions in a short time. Naval 
battle in general for the formation of combat, whether it is 
surface ship formation operations or submarine attack group 
operations, to achieve a decisive victory, all of the 
operational units of the collaboration between the proposed 
high requirements. For this purpose, it is to give full play to 
the overall cooperative operational capability of Chinese 
navy ships, and it can not be separated from the cooperative 
combat training. Under the current complex operational 
conditions, the research and development of the marine 
communication control system based on the multi agent 
system is of great significance to the marine operations. 

Distributed coordination control of multi-agent systems 
is still a hot research topic in the field of artificial 
intelligence and control. A lot of researchers at home and 
abroad have been given extensive attention. Under the 
constraint of topology structure of multi agent system 
unified, Practice in inter individual connection structure 
change is an important factor to consider. In fact there has 

been a lot of literatures consider the network topology 
changes to a unified multi intelligent system (Olfati-Saber R, 
2006) [1], the effect of induced by. For the coordination 
control of multi-agent systems, the latest research results 
about the influence of the consistency control are important 
(Van der Hoek W et al. 2008) [2]. All kinds of delay 
constrained multi-agent system consensus. A lot of research 
found in the practice of intelligent body network inevitably 
exist various types of delay, such as between individual 
communication delay, the individual's self 
delay(Karfopoulos E L, 2013) [3]. Generally speaking, delay 
will lead to intelligent body network performance 
degradation and even lead to the instability of the network 
system, but in fact intelligent body network to delay usually 
has certain robustness, of course, certain circumstances also 
has sensitivity(Karfopoulos E, 2015) [4]. In multi agent 
system, a unified consistency control research, further study 
of the classical consistency control CO debate the sensitivity 
and robustness of delay has important theoretical value and 
practical significance(Meng Y et al. 2016) [5]. 

The remainder of this paper is organized as follows. 
Section 2 introduces the multi-agent architecture. Section 3 
analyzes maritime communication control system. Section 4 
establishes the model of marine communication core model 
for modeling data analysis. Conclusions are summarized in 
Section 5. 

II. MULTI-AGENT ARCHITECTURE 

In 1980s, there was an intelligent decision support system 
(IDSS), which was combined with artificial intelligence (AI) 
expert system (ES) and intelligent decision support system 
(IDSS). The application of intelligent assistant decision 
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system has greatly improved the efficiency of the decision 
making in modern warfare (Chraibi A) [6]. But there are still 
many problems in traditional IDSS. One is that the IDSS 
components to provide intelligent support, their learning 
behavior is mostly static, passive, limiting the flexibility and 
adaptability of intelligent. The second is that the system is 
not strong, which is not conducive to the reconstruction of 
the system(Hernandez L, 2013) [7]. Third is the semi 
structured and unstructured problem handling ability is not 
strong. And based on multi-agent combat decision aided 
system can fast and flexible response to the changes in the 
external environment, for different decision makers with 

high adaptability(Wang S et al. 2016) [8]. The system can 
packaging system a or a plurality of independent agent, 
enhance the system reusability, allows the system 
reconfiguration, the openness of the system has been 
strengthened; based on the network environment of semi-
structured and unstructured data distributed processing 
program provides a powerful tool. In this paper, the key 
technology of multi-agent system is studied, and a multi-
agent system architecture is proposed, which is used for the 
decision making of multi agent(Lü J et al. 2016) [9]. 

 

 

Fig 1. The formation of maritime communication electronic warfare agent 

a. Sector formation                         b. Carrier battle strategy 

A.  Multi agent system structure of battle assistant 
decision making 

Decision aids is the operational commander analysis 
judgment of the situation, determine the operational policy 
and set operations command under the determination and 
formulate implementation determined action plan (making 
operation plan, organization and coordination of action and 
activity of the command of organization of the guarantee and 
so on) the important means(Huang N et al. 2016)[10]. 
Through the auxiliary decision system can achieve 
operational prediction, the proposed system, the 

implementation of the distribution in the evaluation of 
operational commitment plan, plan, plan, assisting 
commander choice plan and scheme of the determination, at 
all levels of operation scheme optimization, task allocation, 
fire, and the realization of the combat calculation and terrain 
analysis, combat simulation and functional simulation(Zhang 
H et al. 2016) [11]. 
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Fig 2. Multi agent system architecture 

In this paper, the design of the combat intelligence aided 
decision-making system is in general information processing 
platform to support direct user oriented interactive 
hierarchical architecture (Figure 2) is divided into three 
layers, respectively is decision-making layer, decision layer 
and data layer. Decision layer is composed of user interface 
and decision agent; decision support layer includes 
information analysis and processing agent, scheme 
evaluation agent, plans agent of inference and data analysis 
module, reasoning interpretation module; data platform layer 
by a general information processing platform and database, 
knowledge base, model base and composition(Eaton C M et 
al. 2016)[12]. 

B.  Decision Agent structure 

Decision Agent is one of the most important intelligent 
agent in the battle command assistant decision system, and 
almost all of the assistant decision behavior of the system is 
completed by it, so the design of the structure and function of 
the system is very important. Decision Agent consists of 
command operation module, scheme module, plan to system 
module and entity deployment module(Thomas A et al. 
2016) [13]. 

Plans of module: capable of analyzing processing agent 
to obtain after extraction of comprehensive information, on 
the digital map quasi system and graphic editing annotation 
scheme, can with the touch plate form and generates a data 
formatting scheme, can according to the rules and model 
automatic or semi automatic generation scheme, and will 
plan to send program evaluation agent are evaluated, 
according to the scheme evaluation agent returns the 
evaluation results under the control of the commander of the 
modification and editing programs from the intelligence. 

Planning module: the ability to use plans of (generation) 
module provides data plan. And on the basis of quasi 

planning, drafting and graphic editor note planned, to touch 
in the form of a plate making and generates a formatted data 
plan, can according to the rules and the model automatically 
or semi automatically generated plans, and the generated 
plans to send plan deduction agent deduction(Iacovella S et 
al. 2016) [14]. According to the plan inference agent returns 
the deduction results under the control of the commander of 
the modification and editing program. 

Entity deployment module can be of unit of marshaling, 
configuration, to set the corresponding formatted data plan 
orders for different types of units, can set entered the route, 
were entered the marshaling and deployment, to display 
hierarchical classification, and inspection has been deployed 
units related information, can print output units marshaling 
and tasks. 

Scheme of decision agent: through the user interface and 
command decision makers interact to receive instructions 
and Command commander, and fiction, plans, and evaluate 
the assistant decision-making layer returns, deduction 
according to the result of the commander, by the commander 
of combat command and decision(Ma T, Zhang L et al. 
2016)[15]. Decision making agent intends to scheme of need 
assessment through evaluation agent, the plan needs through 
the derivation of the plan inference agent, according to return 
the results of programs and plans for optimization and 
perfection, but in time urgent, not assessed and deduction 
and the commanding officer decided to direct the 
implementation of. 

III. MARITIME COMMUNICATION CONTROL 

SYSTEM 

With the rapid development of electronic information 
technology, information technology plays a more and more 
important role in the field of anti-pirate operations. A fast, 
precise positioning of ship combat intelligent electronic 
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control system often becomes the key to the success or 
failure of the whole navy escort for merchant ships at sea. 
The modern intelligent command and control system 
structure complex, high degree of automation, application of 
scene changing. How to construct a close to the realities of 
the external environment to test the function and 
performance of the whole system is often the key to solve the 
problem. The simulation model of the system is simulated, 
which is the combination of real equipment and simulation 
environment. It has become an important research direction 
of the electronic intelligent control system of the navy escort. 
First of all, this paper studies the operation of electronic 
intelligent control system structure, working process and 
characteristics of the system; then, use of complex system 
function analysis and simulation platform of control 
technology proposed for escorting ships prototype of 
intelligent electronic control simulation system, the 
construction of the system of the core mathematical model, 
finally, according to the mathematical model of intelligent 
control system of the simulation test. Experiments show that 
it has better real-time performance, enhance the network 
interoperability of the simulation platform, and improve the 
efficiency and quality of the test of the fleet operational 
electronic intelligent control system. 

A.  System composition of the overall structure 

The marine communication command and control system 
is mainly composed of two parts: information processing 
system and operation control system. The information 
processing system including the ship navigation coordinate 
and direction information, weapons fire information each 
other target reconnaissance tracking information and 
communication information; operation control system 
comprises the thermal emission control, battle with pirates 
scenes fusion control, ship navigation direction control and 
communication system. In fact, when processing the data 
collected from the sensor, the communication system uses 
the wireless communication network to send and receive 
information, the information received and sent through the 
encryption and decryption system, can include the following 
aspects: 

1) to obtain the information of the outside world. Mainly 
includes to each other information detection, tracking and 
monitoring, to our brothers and units the information 
acquisition, to send information at a higher level of rapid and 
accurate acquisition ability. 

2) data processing function. Mainly contains the 
encryption and decryption of information, comprehensive 
analysis, storage and feedback and other functions. 

3) strategic decision-making ability, comprehensive 
information of the parties to analyze, and finally to provide 
decision-making tasks. 

4) function evaluation ability, evaluate the accuracy and 
effectiveness of the strategy of the whole operational 
command software. 

B.  Multi-Agent system 

Agent technology is a using distributed processing 
structure, construct the virtual and physical nodes in the 

simulation environment, and each node constructs the whole 
navy escort environment, use of own node resources and 
information processing capabilities to an external command 
make corresponding processing, and the other agent directly 
information receiving and sending to build collaboration on 
the same target, to complete the whole system in navy escort 
in the common task. It can be considered that a single Agent 
has independent analysis and coordination ability in complex 
navy escort environment. 

Based on multi agent of navy escort simulation 
technology using the respective node behavior and attribute 
relationships by simulating the environment of battles with 
pirates among combat units patterns of behavior, and the 
correction of the individual agent nodes of the navy escort 
system information interaction and self feedback to study 
law that acts on the outside of the navy escort system. At the 
same time, this way of simulation method can fuzzy 
operational behavior of a system, and the key position in 
agent unit level, according to the patterns of behavior and 
motion parameters to establish the holomorphic system 
structure, more conducive to the steady state of the whole 
system. For the existing maritime combat electronic 
command system simulation platform, as a result of the 
complexity of the environment, it is difficult to have precise 
mathematical model to make a quantitative analysis, through 
software simulation based on multi agent, can reduce the 
complexity of the simulation environment. 

IV. MODELING DATA ANALYSIS RESULTS 

A.  Mathematical model construction 

In both pirate fleet competition tactics are complex and 
diverse, the simulation platform mainly of pirate team in 
multiple entry of the battle, using the optimal strategy 
algorithm model, the probability combination of fleet group 
in the odd strategy, overall design of the battle strategy. 

Our statistical probability X of strategy selection, 
hypothesis selection strategy is A1, selection strategy of A2 
probability for (1-x); similarly, pirate to statistical probability 
y of simulation strategy selection, assuming selection 
strategy for , probability is selected (1-y), four strategies 
for the battle, the expected probability of our party to win the 
battle: 

( , ) . . ( ) . ( ) . ( )( )0 5 0 2 1 0 3 1 0 6 1 1E x y xy x y x y x y       
             (1) 

11 12

21 22

a a
A

a a

 
  
 

（2） 

Assuming that we choose the statistical probability X1 
battle plan A1, the statistical probability of X2 to select the 
battle program A2. The pirate uses the best strategy 
algorithm to use the strategy , our expectations of winning 
the battle is: 

11 1 21V a x a                                 (3) 
On the contrary, the pirate uses the optimal strategy 

algorithm to use the strategy of , and our expectations of 
winning the battle is 
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12 1 22V a x a                                 (4) 

Formula (3) and formula (4) for solving equations: 

11 1 21 2

12 2 22 2

1 2 1

a x a x v

a x a x

x x


 
 

 
                             (5) 

We choose the mixed strategy A1, the probability of a2: 
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The pirate selects the mixed strategy , the probability of, 
 is: 
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B.  Modeling data analysis 

In the last section we selected two strategies: A1, A2. 
Assumptions were used during the day and at night, during 
which the day was A1, and the night was A2. The pirate 
selects 2 kinds of strategies  , . Assumptions were used 
during the day and at night, during which the day was  , 
and the night was . We win the probability matrix table as 
shown in table 1. 

TABLE 1.THE MATRIX OF VICTORY PROBABILITY 

Our strategy 

Pirate strategy 

  
The minimum 

value 
Winning probability 

0.5 0.2 0.2 

0.3 0.6 0.3 

Maximum value 
of each column

0.5 0.6  

 

 
 

 
Fig 3.The matrix of victory probability 

 
 

Analysis table 1 shows that when we take x = 0. 5, is 
expected to win the battle value E (x, y) = 0. 4. That is to 
say, when I with probability 0.5 strategy use A1, (1-0.5) 
strategy use A2, I win the battle of probability is 0. 4, 
probability values than with single strategy won from the 
greater probability. 

C.  Analysis of electronic communication quality fidelity 

The numerical examples are given to verify the 
conclusion of this chapter, which considers a network 
composed of five agents, and the Laplasse matrix of the 
graph is 

2 0 0 1 1

1 1 0 0 0

0 1 1 0 0

0 0 1 1 0

1 0 0 0 1

  
  
   
 

 
  

                          (8) 

( ) ( ) ( , ( )) ( ) ( )i i i ix t Ax t f t x t Bu t Cv t     t≥0,i=1,2,…N 

   (9) 

Obtained calculation:
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. 

( , ) . sin( )0 3i if t x x t                             (10) 

( ) . cos( )0 2iv t i t  i=1,2,3,4,5                        (11) 
It is assumed that the noise intensity coefficient of each 

measurement channel is 0.1. according to (8). 
. .

. , , ,
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0 4618 0 8996
0 3 2 10

0 8996 2 3528
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Fig 4. The trajectories of the states. 

 
As shown in Figure 4, when the control is not applied to 

the external disturbance, the trajectory of the nonlinear 
intelligent body shows that the trajectory of each individual 
is different. 

 
 

 
Fig 5. The trajectories of the states. 

 

As shown in Figure 5, in the absence of measurement 
noise is not exogenous disturbance, the control protocol 
under the action of individual trajectories, it is obvious that 
all individuals in the environment can be asymptotically 
synchronized with their average value. As shown in Figure 5, 
in the absence of measurement noise is not exogenous 
disturbance, the control protocol under the action of 
individual trajectories, it is obvious that all individuals in the 
environment can be asymptotically synchronized with their 
average value. 

The construction of navy escort for merchant ships 
electronic intelligent control system of the strategic choice of 
the mathematical model has 2 main purposes: 

1) Search for the laws of the battle's success or failure of 
the battle strategy, to analyze the choice of the fleet 
operations, to find an effective means to control the entire 
maritime war with pirates. 

2) Research on the stability of the control system of the 
battle node, to find the protection measures. 

V. CONCLUSIONS 

In the modern anti-pirate battle, it is not only the need of 
the various operational units in the battle to be able to make a 
rapid response according to various battlefield environment, 
in a timely manner to carry out the strategic plan. At the 
same time, the navy escort need to coordinate and cooperate 
with each other to achieve a unified escort mission. 
Especially in the modern anti-pirate battle, the armed forces 
of the unified deployment of multidimensional. Based on 
multi Agent of communication system software, the use of 
mutual communication between each agent is cooperative, 
each agent has a high degree of autonomy. With the rapid 
development of electronic information technology, 
information technology plays a more and more important 
role in the field of anti-pirate operations. A fast, precise 
positioning of navy escort intelligent electronic control 
system often becomes the key to the success or failure of the 
whole navy escort for merchant ships at sea. Is studied in this 
paper the operation of electronic intelligent control system 
structure, analysis of the complex system of function and the 
simulation platform of control technology, proposed for 



CHEN LIANG et al: A NOVEL CONTROL SYSTEM FOR MARINE COMMUNICATIONS USING MULTI AGENT  . . . 

DOI 10.5023/IJSSST.a.17.23.10 10.7 ISSN: 1473-804x online, 1473-8031 print 

escorting ships prototype of intelligent electronic control 
simulation system, construct the mathematical model of the 
system's core, the core mathematical model of intelligent 
control system of the simulation test. Experiments show that 
it has better real-time performance, enhance the network 
interoperability of the simulation platform, and improve the 
efficiency and quality of the test of the fleet operational 
electronic intelligent control system. A new method is 
provided for the design of modern anti-pirate system. 
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