
A Fault Diagnosis Expert System Based on Aircraft Parameters 

Qi Yao,Jian Wang, Guigang Zhang 
High-tech Innovation Center 

Institute of Automation Chinese Academy of Sciences  
 Beijing China 

{yaoqi2013,jian.wang,guigang.zhang}@ia.ac.cn

Abstract—Nowadays periodic maintenance and routine check are 
adopted as the dominating maintenance mode of domestic aircraft. 
However, this mode requires a large number of experienced 
professionals, resulting in the waste of manpower and resources. In 
this paper, taking the flight data of a certain type of aircraft as the 
main data source, extracting the fault symptom information and the 
system failure mode, a fault diagnosis reasoning expert system 
based on failure mode is proposed. The main work of this paper is 
as following : 

1) In this paper, the modified Back Propagation neural network is 
utilized to train the sample data. The trained neural network model 
is then saved in the knowledge base of the fault diagnosis expert 
system for future feature extraction of the new flight data; The 
Fault Tree Analysis (FTA) is adopted by the fault diagnosis expert 
system for fault detection of the aircraft. By combining production-
rules and the minimum cut of the fault tree, the fault mode of the 
aircraft can be effectively extracted; An optimized reasoning engine 
is built based on the fault mode, which utilizes the forward 
reasoning pattern for logical inference. Combining the expert 
system with The Fault Tree Analysis, our system can be effective 
and efficiency benefit from the expert system. Besides, fault tree 
analysis can reduce the difficulty of diagnostic reasoning and 
knowledge acquisition. 

2) A prototype fault diagnosis expert system, which is based on 
failure mode with Java by using MySQL as the database on the 
Windows 7 platform, is developed. This system has been 
successfully applied to a certain type of domestic aircraft. 
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I.  INTRODUCTION  
There are various faults inevitably during the takeoff, flight 

and landing process of an aircraft, which may cause 
unimaginable outcome once an accident happens. Therefore, 
flight safety is extremely important. There are many factors 
affecting the aircraft safety, such as system fault, maintenance 
quality and pilot level and so on, of which the most important 
are system fault and maintenance quality. If the aircraft fault 
isn’t removed promptly, it will lead to a serious deviation from 
the normal system operating parameters and shorten equipment 
life. Hence identification and debugging faults are of great 
significance. Although traditional periodic maintenance and 
routine checks could reduce the incidence of fault and harm, 
this method requires a lot of experienced professionals and 
makes a lot manpower and resources wasting. 

As an important area of research in artificial intelligence, 
expert system is a heuristic deduction system based on 
knowledge, which is able to mimic human experts to analyze 
and solve problems.  Expert system can collect and summarize 
the valuable experience in the field of maintenance, and utilize 
various information to solve complex fault diagnosis with 
flexible strategies. Meanwhile, the expert system is modular in 
design, with good flexibility and scalability. New fault will be 
expanded to a fault library. 

Based on the above, applying expert system to aircraft fault 
diagnosis can greatly improve the efficiency of aircraft fault 
diagnosis, reduce the rate of false alarm, improve the quality of 
aircraft maintenance and reduce aircraft maintenance costs. 

II. RELATED WORKS 
With the development of aerospace technology, the safety 

and reliability of the aircraft, as well as the efficiency and the 
economy of logistics system are becoming more and more 
unavoidable problems of modern development of aerospace 
technology. Statistics show that the aircraft 80% focused on 
fault diagnosis of aircraft maintenance costs. With the 
computers, sensors, artificial intelligence rapidly developed and 
widely used, the research of aircraft fault diagnosis and 
predictive technology at home and abroad has made significant 
progress, mainly in the following aspects: 

1.  The fault detection and diagnosis based on model. 

 Including the fault detection and diagnosis based on signal 
structure mode, gray theory and the mathematical model, and 
so on. Reference [1] describes the fuzzy expert system based 
on fault tree. Reference [2] use online approximation method 
for observer design of dynamic system. Reference [3] 
combines the two methods of parameter estimation and 
equivalence. 

2. The fault detection and diagnosis based on artificial 
intelligence.  

Including the method of pattern recognition,  expert system, 
neural network, etc. Reference [4] uses the Back Propagation 
for engine fault diagnosis. Reference [5] uses object-oriented 
frame knowledge representation method to develop fault 
diagnosis expert system. In reference [6], with the method of 
dynamic neural network, simulation was carried out on the 
engine fault diagnosis. Reference [7] proposes the fault 
isolation method by using contribution figure. Reference [8] 
puts forward the process monitoring method combining 



principal component analysis and independent principal 
component analysis. Reference [9] studies based on wavelet 
transform and support vector machine (SVM) method for fault 
diagnosis. Reference [10] describes the rough set method used 
in the field of aviation aircraft fault prediction, through the 
aircraft systems of many sensors for attribute reduction and 
extraction rules, the establishment of prediction model, so as to 
realize fault prediction. 

The diagnosis method based on expert system is one of the 
most striking trends in the field, and is also one of the most 
studied, most widely intelligent diagnosis technology used. 
Fault diagnosis expert system for aircraft has made some 
achievements in the aspects of system structure, optimization 
algorithm, but these are mostly fault diagnosis for engine 
system, and the fault diagnosis expert system for other system 
is relatively few. At the same time, these systems are lack the 
ability of self-learning, and the intelligent degree is low. 
Because of the inherent limitations of the complexity and a 
variety of methods of fault diagnosis of aircraft, in the course 
of diagnosis we need to use comprehensive application of 
various methods for fault diagnosis, and the above methods and 
systems integration in the aspect of how to diagnosis method 
remain to be improved. 

All in all, fault detection and diagnosis techniques for 
aircraft development although much has been achieved, but to 
construct reliable, practical, intelligent expert system, it still 
needs to do more in-depth research from the following two 
aspects: 

 1. The data fusion technique. 

 Data fusion is a combination and refinement of multiple 
sensor data, in fault diagnosis system of aircraft, if the 
parameter selection of algorithm or the object selection for data 
fusion is unreasonable or unfair, it would easily lead to higher 
problem for fusion diagnostic accuracy decreased, false alarm 

rate. Among the existing achievements, research on single fault 
problems is more and research on the problem of multi fault is 
less, and the fault diagnosis and prediction methods of single 
are more difficult to meet the increasingly complex systems. It 
needs to fully mine association rules between data, then 
according to the need to weigh the fusion level, select the local 
fusion of algorithm and parameter, for the better contact 
extraction between different parameters, thereby to deduce 
more effective information, improve the accuracy of fault 
diagnosis and prediction. 

2. The fault  prediction . 

Fault prediction is the ultimate goal of fault diagnosis. 
Existing fault prediction technology mainly contains two kinds 
of methods, one is based on the model analysis method, 
another is based on the data driven method. The simplest 
method can be that the aircraft use the important components at 
work time as the rough prediction of remaining usable life. 
Another simple analysis method can be that each overhaul 
interval is determined by key components, for example, by the 
parts such as gears, bearings, which can be obtained from the 
life prediction that under the fatigue load. Later, according to 
the shortest life it determines the maximum working hours. 
According to the characteristics of aircraft structure, it is 
necessary to choose and integrate existing diagnosis and 
prediction method, from each director, improve the utilization 
of information, realize the fault multi-angle, multi-parameter 
diagnosis and forecast, to improve and raise the level of fault 
diagnosis and prediction of aircraft structure. 

III. THE COMPOSITION OF EXPERT SYSTEM 
There are several forms of expression of expert system. 

Basically, they all contains the man-machine interface, 
knowledge base, database, inference engine and interpreter[11]. 
The composition of expert system is shown in Figure 1,and the 
function are as follows. 

 
Figure1. The composition of expert system

1.  The man-machine interface.  



The man-machine interface, also known as the man-
machine interface, is the interface which is between the expert 
system and the users. It is designed to realize the input and 
output function for the system. Experts in the field through its 
input and output the knowledge, update and improve the 
knowledge base. General users input problems and the known 
facts through it, the expert system will output operating results. 

2. Knowledge base.  

The knowledge base is used to store the specialized 
knowledge in a domain expert system, including facts, feasible 
operation and rules,  which is also support storage, modify or 
delete operations. In the process of building a knowledge base, 
the first problem which need to be solve is acquiring 
knowledge from the experts; the second problem need to be 
solve is applying these knowledge into the computer as rules 
that can be recognized. All the other parts of the expert system 
need to cooperate with the knowledge base. 

3. Database. 

The database is used to store all kinds of control 
information obtained from the reasoning process. 

4. Inference engine.  

The inference engine  employ rule reasoning to make the 
whole expert system reasoning and derive the conclusion on 
the basis of knowledge. Inference engine is the control 
mechanism of expert system,   that based on a variety of 
current data, using the knowledge in the knowledge base, 
reasoning  according to certain rules, and then draw a 
conclusion. 

5. Interpreter.  

The working process of the interpreter tracking of Inference 
engine, it is used to explain the behavior of the system to users, 
including explain the reason of the conclusion and the other 
candidate solutions. To achieve this function, usually it needs 
to use intermediate results recorded and control information in 
the database. 

IV. FAULT DIAGNOSIS PROCESS 

A. Get fault symptoms 
The fault symptom is qualitative or quantitative description 

of varieties of fault, which is the main basis for the diagnosis 
and deduction, and also is the bottom layer knowledge. The 
fault symptoms is defined as fuzzy sets, then determined the 
membership function of the fuzzy set based on the statistical 
characteristics or flight parameters distribution. Because of the 
function approximation and memory in artificial neural 
network, the system uses BP network to train system 
sufficiently with sample data to obtain a map between input 
and output (within a certain error range)[11-12]. This model 
will be stored in the fault diagnosis repository of the expert 
system. Then the fault symptoms could be got. 

B. Fault tree analysis 
After fault symptoms getting, a direct relationship between 

the individual fault symptoms needs to be established. Fault 
tree analysis system can transform knowledge in the fault 
diagnosis repository of the expert system into a fault tree. In the 

fault tree, states of the system can be described by a 
combination of many events. These events can be established 
by "AND" gate and "OR" gate. 

Establishing fault tree is the process of analysis and 
understanding of the process in detail. After the establishment 
of a system fault tree, it can be used in analysis, mainly 
qualitative and quantitative analysis. Qualitative analysis is to 
find all the top events can lead to fault mode. This process is 
the formation of the fault tree. But a fault may be caused by a 
lot of causes. It requires quantitative fault tree analysis to find 
the cause of the fault quickly and efficiently. Quantitative 
analysis is to get the effect of minimal cut sets to top events. 
Each minimal cut sets has different importance, so that we can 
according to their importance to make arrangements. Thus on 
the basis of fault tree analysis, a thought process fault diagnosis 
expert system is got, which is also a positive process of 
deducting. 

C. Rule representation 
The equations are an exception to the prescribed 

specifications of this template. You will need to determine 
whether or not your equation should be typed using either the 
Times New Roman or the Symbol font (please no other font). 
To create multileveled equations, it may be necessary to treat 
the equation as a graphic and insert it into the text after your 
paper is styled. 

Troubleshooting Fault Tree Model is a model-based fault 
diagnosis method. The system takes the form of a rule-based 
representation of knowledge. Integrating the fault tree of 
minimal cut sets and knowledge representation rules, and 
integrating end events in minimal cut set and conditions in the 
rules, thus, the expert system based on knowledge deduction 
process becomes a deduction based on fault tree minimal cut 
sets. 

Representing the fault tree nodes event as a conclusion rule, 
also as a parent node event condition, and representing the 
event of its child node as a condition rule. Node information 
also contains data used to describe other rules. In the database, 
an ID is used to uniquely identify the fault tree. Each node 
stores its information to form the rule base. In the deduction 
process, reading the relevant information in order, it would 
explain the reasoning machine. 

D. Inference engine 
Inference engine is one of the expert system to process the 

whole issue of the core module, which is according to the user's 
fault symptoms, using knowledge stored in the knowledge base, 
according to the method of reasoning to go forward step by 
step until the problem solving. Positive reasoning, also known 
as the former chain of reasoning, whose basic idea is the known 
information from the departure, choose the appropriate 
knowledge and gradually solve the problem, is more suitable 
for this type of aircraft fault problems which target is not clear 
and having a larger "solution space". 

In summary, the system accords the entered fault symptom 
automatically to find the matching top event and generate fault 
tree of top event, solve the minimum cut sets according to the 
forward reasoning, generate test in accordance with the 
importance of the principle of minimal cut sets, prompts the 



operator for testing events related child nodes, and store the test 
results and knowledge in the normal comparison. If the event is 
set up, the fault symptom can initially identified by the 
component, and infer the fault phenomenon be of nothing to do 
with that node vice versa. Then repeating this operation until 
the cause of the failure is found[13,14]. Troubleshooting 
Process is shown in Figure 2 as below. 

V. SYSTEM SOFTWARE DESIGN 
The overall structure of the software design is shown in 

Figure 3. The main functions of a fault diagnosis expert system 
based on flight data are as follows： 

1. Human-computer interaction module.  

As the interface of expert system and users, it is designed to 
realize the input and output function for the system. Strive the 
interface to be specific, simple and practical, compatible with 
the troops’ daily used software. 

2. Database management module.  

As a basic part of expert system, it uses MySQL to store 
flight parameter table, rule table, the fact table, fault tree node 
information table, and other important data information of 
aircraft. The flight parameter table records all aircraft 
parameter diagnostic information to be used, such as Id, name, 
the system type, unit and so on. The rule table records all the 
rules information to be used in the process of reasoning, it 
plays the role of knowledge database, the rule table is an 
important module of the system. The fault fact table records the 
fault tree node, including the current node’s Id, level of the tree, 
its son node, fault description and so on. The flight status 
records the status of some vital parts of the vehicle, including 
their remaining life, the maintenance frequency and so on.      
In addition, it equip with the commonly used "crud" operation, 
in order to gradually improve constantly enrich the knowledge 
base. 

3. User management module.  

To realize information management maintenance personnel 
of different levels, different people have different access 
privileges. The user management of the system is shown in 
Figure 4. 

4. Communication module.   

Implementation the integrated of fault diagnosis system and 
other systems, and transmit the data. 

5. The knowledge base maintenance module. 

 This function of the molude is to support the knowledge 
base, including deleting and modifying knowledge, and 
continually improving the knowledge base. According to 
system requirements, it centralizes data management software 
test, real-time update and maintains database. 

 

 

 

 

6. The fault diagnosis module. 

 It is the core modules of the system. In the third part, it has 
been discussed in detail, here no longer. Through the use of 
fault diagnosis module, general users can locate the problem of 
aircraft as experts. The fault diagnosis module of the system is 
shown in Figure 5. 

7. The output module.  

The output module can not only support the fault diagnosis 
principle, process, results dynamic demonstration, but also 
support the fault diagnosis process and results to report output 
in various forms, such as Excel, text. 

 
Figure 2. Troubleshooting Process  
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Figure 3. The overall structure of the software design 

 
Figure 4.  The user management of the system



 
Figure 5. The fault diagnosis module of the system

VI. CONCLUSION 
This paper discusses the design of aircraft fault diagnosis 

expert system, gives a comprehensive analysis of the 
characteristics of the aircraft fault diagnosis, use BP neural 
network to extract the fault symptoms, build the knowledge 
base of expert system combined with fault tree analysis, gives 
the troubleshooting process of the system, construct each 
modules and develop a prototype expert system. With a typical 
failure, the system could give timely and accurate diagnosis 
and give alternative solutions, which is also deliver an efficient, 
convenient troubleshooting solution for maintenance personnel. 

The function of the system is still very limited, the 
following work  to be solved mainly  includes as follows: 

1) The knowledge of experts is limited, potential rules can 
be “learned”  by large quantity of data through the data mining 
technology and data fusion technology.  

2)The function of the system is confined to the diagnosis of 
fault, the fault prediction function needs to be studied.   If  the 
remaining life of the key parts of the aircraft are predicted 
reliably, the occurrence of an aircraft accident can be  reduced 
efficiently. 
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