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Abstract: For the four processes of aero engine health management, which are composed of condition monitoring, diag-
nostics, prognostics and prescriptive action, a four-layer architecture of aero engine health management divided into data 
layer, transaction layer, decision layer and users layer, is designed based on multi-agent. Corresponding to the function of 
each layer, six agent roles are defined, such as condition monitoring, information fusion, fault diagnosis, task consultation, 
rules management and human-computer interaction. FIPA ACL (Agent Communication Language)is the foundation for 
multi-agent interaction. The various steps involved in developing a multi-agent system using JADE (Java Agent Devel-
opment Framework) are discussed. This paper provides theoretical conception for intelligent monitoring and intelligent 
fault diagnosis of aero engine, and for further research of multi-agent collaboration on multi-agent system.  
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1. INTRODUCTION 

Aero engine health management, is to detect abnormality 
or anomaly of temperature, vibration, gas-path, lubrication 
system, fuel system, drive system through condition moni-
toring, and diagnose the origin of the abnormality, then pre-
dict the engine limited life and where degradation is heading, 
or what fault or failure will occur and when. Ultimately, 
maintenance decision or some form of action is taken or in-
tegrated into the engine control system. However, the status 
data of engine components gotten from multi-sensors are 
massive, just-in-time and heterogeneous. Fault diagnosis and 
performance prediction must be based on more accurate and 
complete information. 

An multi-agent based architecture for supervision of 
large-scale chemical plant is proposed. The proposed archi-
tecture uses an ontology to represent all the process de-
scriptors formally, so that any changes can be captured and 
their effects propagated seamlessly [1]. Hidden Markov 
models utilizing a Gaussian probability distribution are pro-
posed as an anomaly detection tool for gas turbine’s compo-
nent. So hidden Markov models is incorporated into a multi-
agent system for the condition monitoring of gas turbine(GT) 
engines. The multi-agent system is shown to be applicable 
through a case study and comparison to an existing system 
[2]. The distributed fault detection and isolation problem for 
a class of second-order discrete-time multi-agent system is 
studied by using an optimal robust observer approach [3]. 
The authors bring forward an existence condition for these 
observers, which is closely related to the topology structure 
of the MAS. For the detection of the faults injected in  
 
 

position states, they show that only the position information 
of the MAS is needed, but for the case of detecting faults in 
velocity states, both position and velocity measurements are 
needed 

In this article, an aero engine health management system 
based on multi-agent is designed. By intelligent soft agent 
approach, multiple functions agents cooperate with each oth-
er to solve complex problem which single agent can’t ac-
complish. Meanwhile, the communication and collaboration 
mechanism for solving resources and tasks conflict of multi-
agent are discussed. 

2. MULTI-AGENT SYSTEMS 

A multi-agent system (MAS) is composed of multiple in-
teracting intelligent agents within an environment. MAS are 
used to solve problems that are difficult or impossible for an 
individual agent or monolithic system [4]. 

2.1. Intelligent Agent 

Intelligent agent is a software entity that applies artificial 
intelligence techniques to choose the best set of actions to 
achieve a goal specified by the user. There are at least four 
common characteristics of every agent, including:  

(1) Autonomy: There is no global control. 
(2) Intelligence: Each agent has incomplete information 

or capabilities for solving a problem. 
(3) Mobility: Agents with different abilities can adaptive-

ly organize to solve problem that change temporally. 
(4) Collaboration: Agents can cooperate with each other 

by sharing information in order to solve problems that are 
beyond the scope of any one agent.  
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Especially in a distributed computing environment, 
agents can communicate with each other using an expressive 
language, work together cooperatively to accomplish com-
plex goats, and use local information and knowledge to man-
age local resource and handle request from peer agents.  

2.2. Key Technology of MAS 

Multi-agent systems have been applied to solve a variety 
of problems. But in any application, there are three common 
problems to be solved. 

(1) Communication and Collaboration  
MASs are divided into collaborated MAS and self MAS. 

The collaborated MAS strives for the best performance of 
entire system, but the self MAS strives for the best perfor-
mance of individual agent. The communication of multi-
agent is the foundation of multi-agent collaboration.  

The typical communication mode includes ‘blackboard 
system’ and ‘message/dialogue system’. The ‘blackboard 
system’ is to achieve broadcast communication with the 
message shared on the ‘blackboard’. However, it is not good 
at real-time performance and cannot meet the requirement of 
emergency. In the ‘message/dialogue system’, the agents 
exchange information directly each other. The requester not 
only knows the address of replier but also give the address 
itself in the message, so the message can return correctly. 

(2) Communication Language 
Two kinds of communication language were applied 

widely. One is FIPA’s ACL, the other is Knowledge Query 
and Manipulation Language (KQML). 

KQML is concerned primarily with pragmatics, and sec-
ondarily with semantics. It is a language and a set of proto-
cols that support computer programs in identifying, connect-
ing with and exchanging information with other programs, 
including communication layer, message layer and content 
layer. Compared with KQML, FIPA’s ACL defines more 
flexible and simpler semantic. 

2.3. Design of MAS 

In MAS, the multi-agent collaborates and accomplishes 
the mission which is unable by single agent. 

Firstly, the task is decomposed. According to the general 
goal of the system, the complex task is break into several 
sub-tasks. These sub-tasks should be solved by one or more 
agents in the system. 

Secondly, the roles are defined. According to user’s re-
quirement, the agent role is regarded as a function entity 
responsible to complete one or more objectives, such as de-
tection agent, fusion agent, management agent, interaction 
agent and negotiation agent. 

Finally, the task is assigned. After the agent role defined, 
the logical relationships between roles, roles and tasks are 
made out. The task is assigned to one or more agents accord-
ing to collaborated protocols. 

 
 

3. SYSTEM ANALYSIS OF AERO ENGINE HEALTH 
MANAGEMENT BASED ON MULTI-AGENT 

3.1. Management Contents 

In 1995, the Department of Defense raised the Engine 
Monitoring System (EMS) which was designed mainly for 
fault detection and isolation in the general specification for 
aircraft engine of turbojet, turbofan and turboprop. In 2004, 
EMS had developed into the Engine Health Management 
System (EHMS) which provided the ability of prediction to 
some extend. In 2007, the system continued developing into 
the Propulsion and Power Health Management Sys-
tem(PPHMS) which extended the monitor range to other 
critical flight system, such as the generator and hydraulic 
pumps. Fig. (1) shows the primary functions, including con-
dition monitoring, fault diagnosis, performance prognosis 
and decision support. 

 (1) Condition Monitoring  
Most of the failures have some signal before they hap-

pen. Condition Monitoring is the first step of the EHM pro-
cess and addresses the awareness of current condition and 
identification of a symptom or anomaly. This process anal-
yses the data from sensors or periodic inspections, then de-
termines an item’s state of degrading or abnormal. Many 
techniques were applied to determine whether a condition 
was normal, such as some form of artificial intelligence or a 
model to analyze data, based on physics, statistic, neural 
network, Kalman filtering, fuzzy logic, Bayesian belief theo-
ry, multidimensional feature analysis. 

(2) Fault Diagnostics 
Different from Condition Monitoring, this stage must di-

agnose the cause or origin of the abnormality when an en-
gine is performing abnormally. Health status of the engine 
can be described as degradation, fault or failure. There is 
some uncertainty about the current condition. It is likely to 
involve some fault tracing or fault isolation to determine the 
underlying cause. Diagnostics requires a knowledge system, 
much of this knowledge is built into an engine’s Failure 
Modes, Effects and Criticality Analysis (FMECA), which is 
a powerful diagnostic tool. 

(3) Performance Prognostics 
Prognostics can be considered as short-term, mid-term 

(between perhaps two weeks and two months) and  
 

 

 

Fig. (1). Function of aero engine health management system. 
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longer-term. In essence it is about predicting where degrada-
tion is heading, or what fault of failure will occur and when, 
and determining what effects this degradation, fault or fail-
ure, or whether it will be critical or impact the aircraft’s abil-
ity to carry out it’s mission. 

 (4) Prescriptive Action 
It’s the process to decide what to do about the symptom 

and then doing it. Similarly to prognostics, prescriptive ac-
tion can be taken at different levels, the output could be an 
individual maintenance decision and action to replace a 
component (or indeed the engine). Ultimately, some form of 
action could be integrated into the engine control system. 
Another task is tracking the success of the prescriptive ac-
tion. It must be determined whether the action(s) taken has 
eliminated the symptom, and then confirmed the diagnosis or 
enhanced the prognosis. 

3.2. Key Problems 

At its core, EHM is essentially an information process, 
which involves the function of collecting, processing, dis-
playing, evaluating, and disseminating various types of data 
and information about the past, current, and anticipates 
health of engines and associated propulsion system elements. 

(1) Information Fusion 
Due to the status information of engine from multiple 

sensors, it can improve the accuracy and reliability of fault 
diagnostics and performance prognostics to extract useful 
information from various data sources as much as possible. 
So the rules are important of multi-sources information fu-
sion. Cui Jianguon [5] has used various single classifier and 
D-S evidence theory to make decision fusion and improve 
the accuracy of fault diagnosis for key structure members on 
aircraft. 

(2) Prognosis 
Compared with Condition Monitoring and Fault Diag-

nostics, prognosis emphasizes much on quantitative analysis. 
Its goal is to reduce the dependence on human examination  
 

in period. The prognostics methods consist of model-based, 
knowledge-based and data-based. The typical application is 
expert system, fuzzy logical and neural network. For the 
bottleneck of knowledge acquisition and expression in the 
expert system, Lu Sheng [6] has studied the intelligent fault 
diagnosis method based knowledge and used semantic 
knowledge based on ontology to express experience 
knowledge of expert. 

(3) System Integration 
EHM depends on massive data from the control system, 

conversely, the control system adjusts the strategies to elimi-
nate abnormal according to diagnostics report. Therefore, the 
integration of health management and control systems is 
inevitable. 

In distributed computing environment, intelligent agent 
technology breaks out the limitations of traditional expert 
system. Under the supports of communication protocols, the 
agents cooperate with each other to solve collectively a com-
plex problem that could not be tackles by any agent individ-
ually. 

4. AERO ENGINE HEALTH MANAGEMENT SYS-
TEM BASED ON MULTI-AGENT  

4.1 Architecture Designing  

In general, the architecture of MAS has layered system, 
implicit calling system and blackboard system. The layered 
system has good openness and reusability. Aero engine 
health management includes condition monitoring, fault di-
agnosis, performance prognostics, and prescriptive action. 
Thereby, the system architecture was designed as Fig. (2). 

In the data layer, the data acquisition is accomplished. 
Most of the data is obtained by distributed sensors and the 
flight controlling system. 

In the transaction layer, analysis of data from sensors, 
identification abnormality, then the higher reliable fault di-
agnosis is made, which based on information fusion. 

 

Fig. (2). Architecture of aero engine EHM system. 
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In the decision layer, the faults or failures of engine are 
detected, and the degradation of some component are pre-
dicted, then maintenance decision or action to replace a 
component is made. 

In the user layer, it provides the interface for mainte-
nance man, air company management, and manufacturer. 

4.2. Agent Roles Definition  

According to the function of each layer defined above, 
there are 6 kinds of agent roles, these are condition monitor-
ing agent, information fusion agent, fault diagnostics agent, 
task negotiation agent, rule management agent and human-
computer interaction agent. The system role function model 
is as Fig. (3). 

The condition monitoring agents basically collect and 
process the datum from the multiple sensors. The infor-
mation fusion agents extract the effective information of 
abnormal symptoms according to the intelligent algorithms. 
The fault diagnostics agents identify the cause or origin of 
the abnormality. The task negotiation agents coordinate the 
action of multiple agents according to the task allocation 
mechanisms. The rule management agent is responsible for 
the rules of entire system for the intelligent decision. The 
human-computer interaction agent is responsible for the 
communication between the system and users. 

 

 

4.3. Designing of Individual Agent  

In this system, as per the event character of engine health 
management, the agent software structure is reaction type. 
The reaction soft agent is treated as a reactive system. It is 
able to sense the various change of environment and itself. 
And it responds and deals with these changes in time accord-
ing to the event transaction mechanisms. The logical struc-
ture of reactive agent is designed as Fig. (4). The major 
modules are the event acquisition and the response rules. 

The awareness module senses the outside environment 
and the changes inside of agent, and then submits the chang-
es to reaction module as the form of event. The reaction 
module obtains the rules from the action rule package and 
submits the execution request to the execution module. Then 
the execution module implements the action. 

5. COMMUNICATION AND COLLABORATION OF 
MULTI-AGENT 

5.1. Based on Event/Message Communication Mecha-
nism 

In this system, the abnormality is identified or captured 
from the condition monitoring agent and information fusion 
agent. The character of the agent interaction is event -driven 
and progressive, so the event/message dialog mechanism is 
adopted, that is to say that individual agent interacts by the 
receiving and sending messages. 

Considering the language structure feature and support 
environment, FIPA ACL is selected as agent communication 
language. FIPA ACL language is supported by JADE and 
fully implemented by Java. The common message structure 
of FIPA ACL is as below. 

(inform 
:sender //the identity of the sender. 
:receiver // the identity of the intended recipients. 
:reply-to // indicates that subsequent messages to be di-

rected to the agent named in the reply-to pa-
rameter. 

:content // the object of the action. 
:language //the language in which the content parameter 

is expressed. 
:protocol //the interaction protocol. 
:ontology //the specific encoding of the content lan-

guage expression. 
) 

5.2. Based on Contract Collaboration Mechanism 

The collaboration mechanism based on contract is ap-
plied according to the communication model in this system. 
It depends on the previous agreement of contract whether the 
agent accepts the messages sent by the other agents during 
the task is executing. 

 

 

Fig. (3). The function model of six agents. 

 

 
Fig. (4). The logical structure of reactive agent. 
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5.3. Implementation of JADE 

JADE provides 3 components: Agent Management Sys-
tem (AMS), Directory Facilitator (DF), Agent Communica-
tion Channel(ACC). The major 5 steps are as below for de-
veloping multi-agent with JADE. 

(1) Creating agents：creating a JADE agent class is the 
extension of jade.core.Agent class, including the methods of 
SetUp( ) and TakeDown( ). Each agent has identification 
‘identifier’, each ‘identifier’ is the instance of jade.core.AID 
class. 

(2) Defining agent tasks: ‘behaviours’ defined in JADE 
represents a task. It is the extension of class 
jade.core.behaviours.Behaviour. Each such behaviour class 
must implement two abstract methods. The action( ) define 
an operation, and the done( ) return a Boolean value to indi-
cate whether the task has completed or not. 

(3) Agent discovery: JADE provides yellow page service. 
A special agent (Directory Facilitator) becomes dynamic and 
finds the other agent. The agent can both register services 
and discover services by DF. 

(4) Agent communication: each agent is equipped with 
an incoming message box and message polling. A message is 
implemented as an object of the jade.lang.acl.ACL Message 
object, and then calling the send( ) method of the Agent 
class. 

(5) Defining ontologies: agents must share semantic dur-
ing communication. Therefore, exchanged message must be 
expressed by a special language and must share the same 
ontology. A ontology is the instance of jade.content.onto. 
Ontology class. 

CONCLUSIONS AND FUTURE WORK  

Previous research has proven that the complicated prob-
lem can be solved by intelligent multiple agent methods in 
highly distributed, heterogeneous, extremely dynamic com-
putational environment. In our case study, we aim to re-
search the solution of the multiple agents in regard of con-
flict resolution using negotiation. We have designed the mul-
ti-agent system of aero engine health management which 
requires communication and collaboration, and discuss the 
communication and collaboration mechanism between mul-

tiple agents, as well as the implementation methods on JADE 
platform. Through collaboration and interaction among mul-
tiple agents, the multi-sensors information is integrated with 
flight control system, and intelligent management is imple-
mented, which improves the flexibility and openness of 
complicated system. But it is not enough to study multi-
agent in the face of the multi-issues. The negotiation model, 
negotiation protocol and negotiation rules of multi-agent 
need further studies. We will report our progress in our fu-
ture publication. 
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