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ABSTRACT- 
 

In this paper the main theme of this paper is to apply Data Mining technology to find out the accurate assessment  

of  the  probability  of  failure  of  any avionics unit  utilizing the  known history of  abuse from 

environmental and operational factors. The data contains environmental and operational conditions of a particular 

avionics unit. For prediction purpose, modern  data   mining  approach  is   used.   In   this approach first of all 

prognostic model is designed using 2 techniques. Clustering is used to select the most  informative  subspaces  

and  to  separate  the failure and no failure clusters. After this decision tree is made in parallel whose each node 

represents the projection of clusters on different subspaces. An interactive  line   drawing   method   is   designed  

to separate the clusters. On the basis of this model prediction can be done for the new monitored data and 

detects whether the system is going to fail and one can take corrective measures. The system developed gives 

the good classification accuracy as compare to others if the number of records is more during training. 
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1. INTRODUCTION 

 

Safe, reliable and efficient operation of avionics is 

crucial for a modern aircraft or spacecraft. There are 

many factor presents which affects the performance 

of   avionics   system.   These   may   be   operational 

condition, environmental condition. While in 

operation, avionics components are exposed to 

electrical perturbations, mechanical vibrations, 

excessive temperature, humidity, radiation etc. These 

data  are  stored  as  history  information  of  system. 

These data are corresponding to normal as well as 

failure  operation  also  called  as  known  history  of 

abuse and are use for analysis purpose in failure. By 

applying data mining technology, one can give 

assessment  of  the  probability  of  failure  of  any 

avionics unit. Based on stored data Data Mining 

technology facilitate the formulation and solution of 

important online and offline reliability related 

problems. With the help of such a means one can 

predict when the system is going to fail without it 

actually become failure and take corrective measures. 

The main theme of this paper is to apply Data Mining 

technology to find out the accurate assessment of the 

probability of failure of any avionics unit utilizing the 

known history of abuse from environmental and 

operational factors. Is has been observed that there 

are many factors that affect the efficient operation of 

avionics unit and cause the failure of system. The 

main reason is while in operation, avionics 

components are exposed to electrical perturbations, 

mechanical vibrations, excessive temperature, 

humidity, radiation etc. The model used both cluster 

analysis and decision tree approach and hence it is a 

new type of hybrid algorithm. This concept is helpful 

to gives solution of important online and offline 

reliability related problems. [1]. This paper 

investigates logistic regression, cluster analysis and 

bayes technique as statistical tool. High reliability of 
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flight critical system components is crucial for safe 

and  efficient  operation  of  the  entire  aircraft. 

Reliability of electronic components are affected by 

environmental  and   operational  condition.   TSMD 

helps in diagnostic of avionics units and helpful in 

assessment of technical status of aircraft electronics 

on  the  basis  of  recorded  operational  and 

environmental conditions. This paper describes that 

failure development process can be viewed as 

continuous processes with discrete event output 

(CPDEO). The word “continuous” reflects the nature 

of recorded environmental variables and exposure 

time to these factors. The “discrete event output” 

refers to the occurrence or non-occurrence of various 

types of failures as the result of the environmental 

conditions. Cluster analysis of environmental variable 

is mentioned and it gives info. about to find the most 

informative subspaces and variables that are mainly 

responsible for failure. Cluster separation method is 

also suggested. An interactive line draw separation 

method is mentioned here which is based on predicate 

equation. [2]. This paper describes the Data Mining 

application to predict the hard disk drive failure. Hard 

disk drive failures are rare but are often costly. The 

valuable data stored in hard disk are more important 

and hence it is crucial also. In this paper [4] Bayesian 

methods are investigated for prediction of disk drive 

failures based on measurements of drive internal 

conditions.  [3].  This  paper  gives  the  information 

about the TSMD. The primary goal of TSMD 

deployment is to capture and correlate environmental 

stresses with built in test to understand the nature of 

failure events. Design and functionality of TSMD 

devise   is   also   described   here.   [4].   This   paper 

describes the utilization of the huge amount of data 

and information which are generated by the number 

of sensors in aircraft by using Data Mining to predict 

aircraft component replacement. In this paper an 

approach is developed that uses this data to build a 

model that predicts when to replace various aircraft 

components  before  they  fail.  [5].  In  this  research 
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paper analysis of data recorded during flights of the 

NASA Trailblazer Boeing 737 have been done. The 

analysis is done to ascertain the presence of aircraft 

structural responses from various excitations such as 

the engine, aerodynamic effects, wind gusts and 

control system operations. Knowledge Discovery of 

Database (KDD) technology is used in discovering 

many hidden characteristics of the aircraft dynamics. 

Spectral analysis using power spectral density (PSD) 

of flight data was the principle tool in this study. [6]. 

 
II. LITERATURE SURVEY – 
 

I. Data Mining technology for failure prognostic of 

avionics – The main theme of this paper is to apply 

Data Mining technology to find out the accurate 

assessment  of  the  probability  of  failure  of  any 

avionics unit  utilizing the  known history of abuse 

from environmental and operational factors. These 

adverts conditions acting individually and in 

combination are known to have cumulative effects 

leading to avionics performance degradation and 

failures. A prognostic model is designed to predict 

the failure or normal condition of avionics unit by 

utilizing the known history of abuse. The model used 

both cluster analysis and decision tree approach and 

hence it is a new type of hybrid algorithm. This paper 

also suggest the modern maintenance concept “ 

service – when needed”. This concept is helpful to 

gives solution of important online and offline 

reliability related problems. 

 
2. Reliability of flight critical system components 

and their “history of abuse” – This paper 

investigates logistic regression, cluster analysis and 

bayes technique as statistical tool, suitable for the 

analysis of the effects of adverts environmental 

conditions on failures of electronic components. High 

reliability of flight critical system components is 

crucial for safe and efficient operation of the entire 

aircraft. Reliability of electronic components are 

affected by environmental and operational condition. 

TSMD  helps  in  diagnostic  of  avionics  units  and 
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helpful in assessment of technical status of aircraft 

electronics on the basis of recorded operational and 

environmental conditions. This paper describes that 

failure development process can be viewed as 

continuous processes with discrete event output 

(CPDEO). The word “continuous” reflects the nature 

of recorded environmental variables and exposure 

time to these factors. The “discrete event output” 

refers to the occurrence or non-occurrence of various 

types of failures as the result of the environmental 

conditions. 

 
3. Bayesian approaches to failure prediction for 

disk drives – This paper describes the Data Mining 

application to predict the hard disk drive failure. Hard 

disk drive failure are rare but are often costly. The 

valuable data stored in hard disk are more important 

and hence it is crucial also. In this paper Bayesian 

methods are investigated for prediction of disk drive 

failures based on measurements of drive internal 

conditions. A mixture model of Naïve Bayes 

submodels (clusters) is introduced i.e. trained using 

expectation – maximization. 

 

4. Time stress measurement device (TSMD) use 

for on board diagnostic support – This paper gives 

the information about the TSMD. The primary goal 

of TSMD deployment is to capture and correlate 

environmental stresses with built in test to understand 

the nature of failure events. Micro processor based 

TSMD interface and its architecture is described here. 

Type of data storage and different category of data re 

mentioned in this paper. Design and functionality of 

TSMD devise is also described here. 

 

5. Data Mining to predict aircraft component 

replacement – This paper describes the utilization of 

the huge amount of data and information which are 

generated by the number of sensors in aircraft by 

using Data Mining to predict aircraft component 

replacement. These generated data are monitored and 

analyzed by several on board computer systems to 

ensure  the  correct  functionality of  aircraft  system. 
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Once the data is stored in central data base it rarely 

analyzed any further. In this paper an approach is 

developed that uses this data to build a model that 

predicts when to replace various aircraft components 

before they fail. 

 
6. Data Mining of NASA Boeing 737 flight data 

frequency analysis of In-flight recorded data – In 

this research paper analysis of data recorded during 

flights of  the  NASA Trailblazer Boeing 737  have 

been done. The analysis is done to ascertain the 

presence of aircraft structural responses from various 

excitations such as the engine, aerodynamic effects, 

wind gusts and control system operations. The aim of 

this study is to determined if any aircraft structural 

characteristics could be identified from flight data 

collected from measuring non structural phenomena. 

Knowledge  Discovery  of   Database  (KDD) 

technology is used in discovering many hidden 

characteristics of the aircraft dynamics. Spectral 

analysis using power spectral density (PSD) of flight 

data was the principle tool in this study. 

 

III. PROBLEM DEFINITION  – 
 

In an aircraft large number of avionics data are 

continuously  generated,  continuous  monitoring  of 

data is necessary to check the current status of the 

avionics unit. To make future prediction about status 

of avionics unit KDD technology is applied on the 

dataset which are recorded by the TSMD. These 

dataset contains the status of a hardware unit i.e. it 

gives information about health of a unit. Any avionics 

unit  can  have  one  of  the  two  status  –  failure  or 

normal. The previously recorded dataset contains 

events of both failure and normal. By using data 

mining approach it is possible to find which attributes 

are more responsible for a failure event of a unit and 

also the prediction about failure and normal condition 

can be for the future inputs. In order to make their 

prediction, a prognostic model is made and decision 

making is done based on this model. The prognostic 

model  is  built  by  using  clustering  technique  and 
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decision tree. These prognostic model uses the known 

history of abuse from environment and operational 

factors (i.e. dataset). Firstly a cluster analysis of 

environmental variable is done. This helps in finding 

the most informative sub-space on which two clusters 

(failure and normal) are projected. Cluster analysis 

helps in separating the two types of clusters. An 

interactive line drawing method provide facility to the 

user to separate the data into two non-overlap sets. A 

decision tree is made in parallel. Each node of 

decision tree represents the projection of clusters on 

selected 2D sub space. The root node of the decision 

tree represents the most informative sub space on 

which both types of clusters are projected. The 

separation of clusters divides the dataset into 2 non 

overlap subset and generates 2 child nodes. The node 

which contains the similar type of data cluster 

becomes leaf node. The tree grows in similar fashion 

until all the leaf nodes are processed. Prediction will 

be done based on a decision tree. This prognostic 

model development is the training of dataset. Once 

the dataset is trained testing of the model can be done 

by predicting the occurrence of failures. 

 

IV. DATA MINING IN AEROSPACE 

FIELD – 

Data Mining technology is continuously growing and 

is now used in many areas as e-commerce, medical, 

scientific research, etc. Its use in aerospace field is 

new and has potential benefits in many aspects. One 

of the interesting applications of Data Mining is in 

maintenance of equipments and its replacement. 

Equipment failure is expensive. It has been estimated 

to exceed $ 300,000 per year for each plane. Data 

Mining of the equipment maintenance is used to 

discover many aspects and such discoveries can be 

used to modify maintenance and repair procedures. 

Thereby reducing down time, increasing up time and 

reducing the cost of maintenance and repair. An 

aircraft generate vast amount of data. These data are 

generated by thousand of sensors installed on various 

components. Many devices are present which stored 



 
 
International Journal of Advance Research, IJOAR .org                                                                                        
ISSN 2320-9194  17 

IJOAR© 2013 
http://www.ijoar.org 

 

these data and is used for analysis purpose. TSMD is 

developed by the air force research laboratory whose 

intend purpose is to determine what impact the 

environment has on a particular system of interest. 

TSMD provide the capability to record the data on 

operational aircraft without the need for special 

dedicated test aircraft. 

 

V. PROBLEM ANALYSIS – 
 

1. Cluster analysis of environmental variables – 

Cluster analysis is required to investigate the role of 

various environmental factors in the occurrence of 

particular failure. Statistical dataset specifies current 

values of cumulative exposure on a number of 

avionics module. The datum forms a factor space i.e. 

divided into 2 clusters which are interpreted as <<no- 

failure>> i.e. normal performance and <<failure>> 

respectively. Consider of vector of environmental 

variables X(t) recorded by TSMD and the 

corresponding outcome Q(t) 

[X(t), Q(t) = x1(t), x2(t)…., xm(t)] ….(1) 

 
Q(t) represents an event as occurrence of a particular 

failure of an avionics module at time t. assume for 

simplicity  that  Q(t)  has  only  2  possible  discrete 

values A and B corresponding to the no failure and 

failure conditions. The outcome Q is defined by the 

particular combination of numerical values of 

variables xi, i = 1,2,……m. The value of Q, A or B 

can be associated with any feasible combination of 

numerical values of the environmental variables. 

Analysis of these clusters provides an important 

insight to the failure development process and 

interrelation between environmental variable 

responsible for the outcome Q. 
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Assume that as a user draws a liner separation bound, 

the software tool automatically generates the liner 

equation f(xl, xq) of corresponding predicate equation. 

 
If f(Xl, Xq) >=0 then PK is true 

 

 
If f(Xl, Xq) < 0 then PK is false 

 

 
PK  is predicate i.e. either true or false corresponding 

to cluster that satisfies or not satisfies the linear 

equation. 

 
Selection of the most informative combinations of 

process variables required the definition of a 

numerical measure characterizing the separation of 

clusters. Such a characteristic can be defined as an 

average relative distance between a point of cluster A 

and a point of cluster B measured in a ij plane. This 

average relative distance can also be called as 

normalized  distance.  This  normalized  distance  is 

given by following equation – 

| | | | 
∑ ∑   {  }

 

 

D is the normalized distance. 
 

K1 = number of cases for cluster 1 i.e. normal. 

K0 = number of cases for cluster 0 i.e. failure. 

xl      =    attribute   value    for   attribute   number   l 

(l=1,2,……n). 
 

xq     =   attribute   value   for   attribute   number   q 
 

(q=1,2,……n). 
 

= standard deviation. 
 

N = K1 + K0 = total number of cases. 

 
This normalized distance represents the possible 

contribution of 2 variables xi and xj to the definition 

of a separation rule. While the number of possible 

combinations of 2 out of M variables can be quite 

large, only a small number of combinations with the 

highest values of the average relative distance is 

normally being  selected  for  the  definition  of 

separation rules in the process of cluster analysis. 

2. Decision tree development – The information 

obtained from the cluster analysis is used for 

development of decision tree. The cluster analysis 

gives set of dominating variable pairs that are 

responsible for the failure of avionics. The variable 

pair for which average relative distance is maximum 

is selected as a root node of decision tree. The 

projection of data on the selected 2D subspace shows 

that projected data is grouped into 2 clusters. The 

separation of these clusters is done by drawing a 

separation line interactively. The line gives the 

classification predicate (CP) equation. The data that 

satisfies the CP equation have CP as true and for rest 

of data CP is false. The whole experimental data S is 

now separated into 2 non overlapping subsets S1, S2. 

The next step of subspaces selection are applied 

separately to subset S1 and S2 which form 2 new 

nodes. The some leaf nodes contains cluster of only 1 

type i.e. either failure or normal and some may 

contains cluster of both type in which anyone of type 

cluster will be majority. The target probability of 

normal is calculated for input vector X using Bayes 

formula 

P(1)Ph(1/1) 
P[1/Ph(X*)] =     

P(1)Ph(1/1) + P(0)Ph(1/0) 
 

 
The probability of failure under adverse condition X 
 

is given by 
 

Ph[(0/Ph(X*))] = 1-P[1/Ph(X*)] 
 

 
P(0), P(1) are prior probability of failure and normal 

respectively. The decision tree contains all related 

information i.e. partially ordered set of 2D subspaces, 

equations of sepration rules, CP’s and related 

probability. 
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VI. CONCLUSION AND FUTURE WORK – 

Cluster analysis is done to find the most informative 

sub space. The data clusters are projected on selected 

2D sub space. Cluster analysis helps in separating the 
 

2  types  of  clusters.  An  interactive  line  drawing 

method is designed that facilitates the user to separate 

the data into 2 non-overlap subsets. As the clusters 

are separated the decision tree is made in parallel, 

whose each node represent the projection of clusters 

on different sub spaces. The leaf nodes represent the 

cluster of same type. Some leaf nodes may contained 

majority of one type of cluster for such nodes further 

evaluation is done on the basis of probability. When 

decision tree is completed it results in completion of 

prognostic model. Failure prediction of an avionics 

unit  can  be  done  by  using  developed  prognostic 

model for the new data inputs. The model is tested for 

various inputs. It gives fairly good results. It gives 

good classification accuracy as compare to others if 

the  number  of  records  is  more  during  the 

development of model. The concept of this project 

can be applied on aircraft to give online and offline 

status of avionics unit. This combined approach of 

clustering and decision tree can also be used in other 

field of data mining. This approach can also be 

modified for the mix type of data such as numerical, 

discrete and nominal attributes. This application can 

be enhanced for the distributed environment. 
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