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ABSTRACT 

Fault isolation and diagnosis is one of the key aircraji maintenance activities performed 

in Ethiopian Airlines. The main features offault diagnosis in aircraft maintenance 

involve multidisciplinary knowledge in aircraji junctional ~ystems and the indefinite 

relationship bef1,Feen .Iymptom and source orfailure. In order 10 facilitate these activities 

the experience and knowledge of aircraft technicians plays a significant role in quickly 

solving aircr(]ji system failures without delaying flight schedules. However the airline is 

losing significant amount of skilled and experienced technicians whose contribution to 

thefault diagnosis was invaluable. 

A knowledge based ~ystem is developed to .fclcilitGte the fault isolation technique., in 

aircraji maintenance /Ising the experience and knowledge of skilled technicians along 

with the relevant mail1lenance documents and maintenance records. The domain 

knowledge modeling is performed using decision trees in such a way that a rule based 

inference can be implemented for knowledge representation. The prototype developed 

employs the utilization of,/ac(s and come up with conclusions hased on the backward 

chaining inference. The rules in (he knoH.'ledge base are constructed Fom analyzing the 

records of the aircraft maintenance resume book along wi(h (he available maintenance 

documel1ls. A prolog programming language is used to demonstrate the prototype and 

(he result of the study has revealed that there is an accuracy of 86%. Adopting the 

knowledge based ~ystem is supposed to retain the aircraft maintenance knowledge and 

makes the airline stronger by itselfrather than dependingfully on human experts. 

The knowledge hased .system needs further works in updating its knowledge base when 

new facts are il1lrod/lced besides of creating generalized pal/ern for identifying system 

faults. 
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CHAPTER ONE 

INTRODUCTION 

I. J Background 

Transportat ion is the movement of people and goods from one loca ti on to another. The 

transport of a person may involve one mocle or several modes of transport. A mode of 

transport is a technological solution that makes use of a particular type of vehicle, 

infrastructure and operation. The major modes of transport are air, rail, road , water, cable, 

pipelin(; alld space. 

Air travel remains a large and growing industry. It faci litates economic growth, world 

trade, international investment and tourism and is therefore central to the globali zation 

taking place in man)' other industries. Gov'ernments in cleveloping countries reali zed the 

benefits of touri &rn to their nat ional economies and spurred the development of resorts 

'"HI infrastructure to lure tourists I'j'olll the prosrerous cou ntries in Western Europe and 

North America. As the economies of de ve loping countries grow. their own ci tizen,; are 

al ready becoming the new internationa l tour ists orthe future. 

Busi ness trave l has also grown as companies become incrc<lsingly interna tional in tenl1S 

of the ir investments. thei r supply and production chai ns and their customers. The rap id 

growth of world tracle in goods and services and internat ional direct investment has also 

contri buted to growth in business travel. However the complex issues affecting 

operations managernent are daunting. People, luggage, freight and aircraft have to be 

!lloved over vast distances. Flights, crews. maintenance. cargo and even meals have to be 

schedu led. Fuel , spares, tools, training and publications have to be provisioned . All of 

these Ihctors have tn be considcred against a background of til11 ctab les courled with 

operati ng and maintenance costs. that is time and money which makes the airline industry 

one of the IllOSt uni 'lue businesses in the world . 



1.1.1 The Ethiopian Airlines 

Ethiopian Ai rlines was founded on December 30, 1945 and commenced operations on 

April 8, 1946, with a weekly service between Addis Ababa and Cairo with five Douglas 

DC-3 propeller driven aircraft. The airline started long-haul services to Frankfurt in 1958 

and inaugurated its first jet service in January 1963 from Addis Ababa to Nairobi. 

According to the airline offic ial webs ite the airline is currently operating with 34 aircrafts 

which includes ten Boeing 767-300, eight Boeing 757-200, two Boeing 757-260F, two 

Boeing 747F. one MD-IIF, five Boeing 737-700NG, one B737-800W and five Fokker 

SO. The air line has already ordered te n B787 Dream Liner jets from Boeing. fi ve B777-

200LR li'om Boeing. twelve A350-900 from Airbus, one MD-II F li'om Boeing and eight 

Q400 aircrafts from Bombardier. 

L'sing these aircrafts Ethiopian Airlines transports passengers and cargo to 54 

international destinations. The Ethiopian Airlines has code share agreements with 

LlIfihansa, Brussels Airli nes, Gulf Air. South African Airways, TAAG-Angola Airlines, 

Air One Saudi Arabian Airways and several other agreements in the pipeline so as to 

se rve customers with same standard as these ai rlines. F.thiopian Airlines has an advanced 

maintenance base, which is fully operat ional for Airframe maintenance, Engine 

Overhaul. Component repair and overhaul, Light Aircraft maintenance and technical and 

management ass istance for other airlines. 

The maintenance base is certified by the US-Federal Aviation Administration (FAA). The 

airerafi maintenance activities are performed based on the maintenance manuals and 

other maintenance documents released by aircraft manufacturers and regulatory bodies. 

Aircraft maintenance Technicians uses these manuals as basic documents to rectify 

ai rcraft. engine and component fai lures. Though these documents provide fundamenta l 

knowledge to the aircraft systems, the fault isolation techni que is very much dependent 

on the acquired expe ri ence through time. 

The pressures of modern business demand enicient sy~tem that provides customer 

sH ti slilct ion. Consequen tl y. hi gh reliance is placed 0 11 avai lability of experienced and 

knowledgeable employees. 
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However, experienced services can be lost by ch"nge of employment, retirement and 

death. In add ition, in the rea l world of night shifts, sickness and holidays, expertise of the 

required qual ity is not always availab le. 

1.1.2 Air'craft Maintenance 

Aircraft maintenance activities form an essentia l part of airworthiness. The common 

objective of aircraft maintenance, civ il or military, is to provide a fully serviceable 

aircraft when it is required by the operator at minimum cost (Seref et a!., 2008), Aircraft 

maintenance implies actions that restore aircraft units, speci fic system or the whole 

aircran system to a se rviceable condition and consists of servicing, repair, modification, 

overhaul, inspection and determination of condition. Moreover the discipline requires a 

vigilant activity as it is the maintenance work performed on the ground that keep the 

aim·aft flying on the air. 

The aircrali maintenance system of an airline is complex structure with information flow 

i11vp!ling va rious stakeholders ensuri ng aircraft airworthiness while adhering tp several 

regulatory standards policies and procedures of the I' ederal Aviation Administration 

(FAA). 

An aircraft system basically includes the Ai rframe, Avionics and Engine. The 

maintenance activities are performed based on the doculllcnts prepared by Maintenance 

Engineering Technical Services (M ETS) of the Boeing Commercial Airplane Group in 

accordance with Air Transport Association of America. It contains the data necessary to 

serv ice, troublcshoot, check, and repai r systems and equipment installed in the airplane 

for maintenance done on the line or in the maintenance hangar. The Maintenance Manual 

is divided into chapters and groups of chapters. The chnpterization separates the manual 

into the primary functions and systems of the airplr,nc. These chapters include the 

following aircraft systems: Air conditioning System, Autopilot System, Communication 

System, Electrical power System, flight controls SYSTem, Engine fuel and control, 

Hydraulic and Pneumatic power, indicating and recording systems, Landing gear, 

I~av igation . Power plan!. Oil system and many others. 

3 



j 

/ 
I 

Like any other maintenance activity aircraft maintenance is also performed in scheduled 

and unscheduled program. The unscheduled maintenance provides mostly new problems 

that cannot be maintained within specified period of time. 

Discrepancies and remarks observed during the normal operation of an aircraft triggers 

for unscheduled maintenance activities. Solving these problems with specified period of 

time requIres ample experience and knowledge of the particularly affected system. Proper 

and efficient fau lt isolation techniques need to be developed to come up with the time 

sensitive maintenance activities of the airline industry. 

1.2 Knowledge Based System 

Complex machinery has diverse technology standards, thus one expert is unlikely to 

possess all existing system knowledge. A knowledge based system, developed to capture 

system knowledge, expertise and experience, will produce more accurate and consistent 

results than its human counterpart. This is because all the solutions provided by the 

knowledge based system is based only on the fundamental facts obtained from the 

exposure of the expertise from experience and recommended manuals. The system makes 

expertise available to many users, offering expert knowledge to guide and direct less 

skilled maintenance staff. Organizations can benefit from a knowledge based system in 
, , 

that instead of depending on the presence of individuals '0 carry out different tasks, a , 
system that can retain the knowledge of the organizational activities provides a 

permanent solution in maintaining a standard output. Knowledge based system can 

exclude those problems associated with a human element which includes negligence, 

family related problems, incompetence, experience related 'problems and others. 

Knowledge based system has been used in assisting and partially replacing the human 

counterparts in different fields like, patient illness diagnosis, car problem troubleshooting, 

computer hardware and software problems troubleshooting, selecting employees for 

promotion and training and other related areas of specialization, There are also many 

appl ications of the knowledge based system in the airline industry which are focusing on 

customer satisfaction and trends, fau lt isolation of aircraft components and engine, 

reduction of errors in aircraft maintenance and others, 
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Knowledge based systems have major potenti,al benefits such as: Increased output and 

productivity as expert system can work much faster than humans; reduced downtimes 

which can be achieved using expert systems in diagnosing malfunctions, and predicting 

repairs; performing the same tasks with lower cost instrument because of their ability to 

investigate more thoroughly and quickly the information provided by the instruments. 

Moreover expert systems are reliable in that they don't become tired bored and they 

consistently pay attention to all details and so do not overlook relevant information and 

potential so lutions. Apart from the above advantages, there are al so challenges that hinder 

the efficiency of knowledge based system. Some of them are listed below. 

o Knowledge is not always readily available 

o Each expert's approach may be different, yet correct 

o Knowledge engineers are rare and expensive 

o The vocabu lary of experts is often limited and highl y technical 

1.3 Statement of the Problem and Justificatiou of the Study 

The Ethiopian airline has long been known for its remarkable reputation of providing 

safe, reliable and profitable air transport service all over the world. The safety of the 

aircrafts ·operated by Ethiopian is dependent on the Sl: · ~dard of maintenance activities. 

The airplane manufacturers like Boeing; operators like Ethiopian Airlines are obliged for 

the compliance of the requirements of the Federal Aviation Regulation (FAR). The 

maintenance activities in aviation industry are all based on the recommended 

maintenance practices of the Portable Maintenance Aid (PMA) that includes the Aircraft 

Maintenance Manual (AMM) and Fault Isolation Manuals (FIM). The fau lt diagnoses 

and maintenance of modem commercial aircrafts have the following three main features 

(Haiqiao et aI. , 2004) : 

a. The requirements of airworthiness should be met: 

The operation and maintenance of commercial aircraft are under control of the laws and 

regulations of international association and nation. The purpose of enacting above laws 
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tll1d regulations is to ensure airworthiness of commercial aircraft. Airworthiness is "fi t to 

Ill'''. as it is expla ined in Oxf(JI'(j English Dictionary (2:;01) . When ci,,;;nosing the failures 

of commercial aircraf"i. airworthiness is embodied on aircraft maintenance manual s 

(!\MM), trouble shoot ing manual (TSM), illustrated parts catalog (lPC), etc. 

b. The relation hefl.veen symptolll and source of/ililure is indefinite: 

In terms of the concept of fault diagnosis, aircraft is a complicated system. Its structure is 

a multiple hierarch ica l architecture. which is comprised of many subsystems, for 

example, aircraft structure, engine. au to flight sys tem, landing gear, communications 

system, hyd raulic power and navigat ion system. Each suhsystem is formed by 

subsystems or subunits of lower level. And the subsystems or subunits are usually 

interactive with each ether. Connections among levels of aircraft structure usually are 

difficult to define due to the mu ltiplicity and heterogeneity of the structures and func!ion s 

of aircraft. The quantitative relationships between the input and Olltput of subsystem or 

unit usually are unavailable or inexact. 

c. Multiciisciplil1wy knowledge is required to diagnose the fault of aircraft: 

!\,hunced technology of much techno sphere has been applied to Illouern aircraft 

synthetically. such as machinery. eiectr ics, computer. automatic control and electronics. 

Mo re and more electromechanica l equipments have becn used in aircraft. 

The mechanical and electric components of these equipments have been integrated in the 

manner not only of control bu t also of functions and of structures. Multid iscipli nary 

knowledge is required to diagnose the fault of aircraft. Eth iopian is committed to the 

provision of qua lity service to its customers. In order to ensure this, the airline strive, to 

maintai n a high ly trained, motivated and dedicat.ed workforce and enhance its intcma.l 

capacity in var ious fields through the use of modern and environmentally friendl y 

technology in all areas. 

Etiliopian endeavors to play <1n important role in the 1"<,11 being or the soc iety and equip 

its employees with a high level of sk ill through transfer of technology. However, due to 

I'a ri ous reasons the airline is losing skilled manpower in the key areas of the 
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organi zation. In the earlier times when the airline was young. employees work for the 

airline till their retiremen t with great moti vation and comm itment. Nowadays with the 

advent of the Illiernet and the overwhelm ing demand of the market , skilled and 

experi enced employees are being offered a lucrative deal with ri va l ai rlines and 

maintenance bases like Emirates, Qatar Airways, Sudan Airways, Gulf Ai(craft 

Maintenance Company and others. 

According to the Annual Human Resource Analysis Report (2009) in table 1.1 prepared 

by the HRM of the company, the five years average turnover rate of the airline is 4.8%. 

[ "" y", 

Average No. of No. of Terminated Turnover % 

Employees Employees 

- ---------_.- - ----- --------r----------
i ? () 03/04 4487 206 4.6 1-

r"04105 46 14 199 4.3 

2005/06 4700 192 4.1 

- - -- ----
I 2006/07 4837 240 5.0 

2007108 4896 
I-

295 6.0 

Average/To tal 4707 226 4.8 

--

Table I. I Employee Turnovers from 2003104 to 2007/08 

As the data is depicted in table 1.1 that 4.8% turnover rate might not be cons idered as 

high, there is a justi fiab le reason for concern as most leaving the airli ne are key 

professionals. Such as : Aircraft Technicians, Marketing agents, Cockpit and Cabin 

Crews. The Annual Human Resource analysis report (2009) further presented the reason 
• 

for employees ' turnover, wh ich is summarized in table i .2. 
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I., .. "" 

r--Rc-ason fOI- I ------------------------ ._-- ! 

% 0,' ""1 
Turnover 20()3/04 2004/05 2005/06 2006/07 2007/08 Total Total 

Resignation 

( Both with & 152 137 143 132 206 770 68% 

without not ice) 
L ____________ ----._----<--- - c-- - 2"9--,-3-3 I Ret ired 19 16 12 109 10% 

~5eath- - I 

13 10 10 8 I 8 49 4% 

Discharged 17 33 23 68 38 179 16% 

-------- - ---. 
--j~-

• ___ + __ 0 . __ • _ _ ------- - --
Furl ough 5 3 10 25 2 'Yo 

c---
Tota l 206 199 192 240 295 1132 100% 

-. I 

Table 1.2 Employees reason for turnover ti'om 2003/04 to 2007/08 

As shown in Table 1.2_ there are different reasons for employees' turnover though 68% 

of' the share duc to res igna tion wit h or without notices. This indicates that the airline has 

lost emp loyees at the critical time of exploiting their experience and potential. The 

Airline has invested highly on their training and thus are difficult to easily replace from 

the market. Table 1.3 shows compari son of employees that are trained by the Ethiopian 

Train il1!; Center frGm 2002/3 - 200617 and resigned emp loyees from the comp2ny_ 
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.-.- .. -.-.. --.--- -----T-----.---.--- -"1" '----'-' ... Profession Total numher of Resigned 

trained cmployces Training 

---- ---
Aircraft Techni cian 396 

I 

E ,~ ,-p i ~),~~~ -Ar(~~-r,x;-~~;t-- of the 

total 

106 26.77% 

I 

Agent 415 --.... --.--------------.----.--.-.--------J------- 110 26,5 1% -I 
--,----- ---- -_. 
Cabin Crew 505 --=7~5---~-~1~4.785=~ 

Pilot 106 26 24.53% 

----_._--- ----~--.. [--- Total 1422 

_. _____ -1 

--_._---+----,-,--.,-,----{ 
31 7 22.29% 

Table: 1.3 Trained Vs Resigned Employees li'om Ethiopian Ai rlines in years 2002/3 to 

200617 

Table 1. 3 shows that withi n the aforementioned ti v~ years 317 employees tmined by 

Ethiop ian Training Center were left the company. This represents 22.29% of the resigned 

employees that include trained Aircraft Technicians. Pil ots and Marketing Agents. These 

trained employees are not readily available fi'01r. the market. Aircraft technicians' 

turnover rate is 26.77% for the indicated 2002/03 to 2006/07 in table 1.3, which needs a 

ser ious attent ion in terms of aircraft maintenance. The airline has a good reputation as 

long as safety and rel iability arc concerned, Losing these potentially important human 

resources could wipe out the reputation of the airline in the blink of an eye. It is the 

maintenance acti vity done in the ground that keeps the airplane fly in the air. Safety and 

reliability are key for any success in the airline industry. 

These key factors can be achieved by effec ti ve and effi~ient mainten:mce activit ies. The 

various nature of failure in aircraft system demands qu ick fa ul t isolation and ti mely 

diagnosis with judgment ach ieved ii'om experience. 
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The aircralh operated by Ethiopian do not have suflicient ground time under normal 

operation. When a technical problem exists, it should be fixed as quickly as possible. 

Otherwise the de lay of the aircraft will mess up different sectors of the company. 

Eflects of lack of experienced technicians in maintenance acti vities results in tangible 

ddav costs. The ex tra cos ts incurred include the li)lIowing: 

• Passenger costs-food, accommodation, transport, payoffs 

• Airport fees 

• Rescheduling costs 

• Labor Charges 

The Ethiopian Airlines has a Service Recovery Program to compensate for passengers in 

a delayed flight from its schedule. The service recovery program for flight delays, 

cancellations or disruptions caused by different reasons including technical failures 

within the cont rol of the airline provides compensation for the passengers. The 

compcnsation includes lunch/dinner and beverages. Hotel accommodation. compensation 

lees that ranges from 100Br. for domestic flight to 300US dollar in international flights 

for each passenger with respect to the delay period from its schedule. 

Apart from the delay costs mentioned, unnecessary costs usually happen due to wrong 

ciiagnosis of an aircraft fault by inexperienced technicians. As a result of which the airline 

incurs unexpected cos ts to foreign repair that penalizes the airline if in-house capability is 

not developed. Man-hour costs to check the serviceability of a normal unit if it is found 

serviceable. 

When a problem occurs and the cause of the problem is not really identified a so lution 

proposed by a techn ician without exposure of such problem may replace a serviceable 

component 01' the aircraft system. If there is no capability dcvelopecl to check the unit, it 

will be sent to foreign repair. This results different costs as the aircraft may wait until the 

unit is returnecl where the probl em is not in the unit and the man-hour and transp0l1 cost 

lor the unit returned as No Fault Found ( NFF). 
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As in all environments of maintt'l1ancc and support . time is money. Therefore efficient 

fault diagnosis assoc iated with aircraft maintenance can support airiine operat ion,'. Other 

important criteria are servicing turnaround time, system and equipment reliability and 

maintenance down time. The increasing complexity of systems places demands on 

system maintenance to contain and reduce maintenance down times. 

Every system and assoc iated component has a function to perform. The primary objective 

of maintenance is to keep the system serviceab le, and thus available to perform that 

functi on. When the syslem fai ls the maintenance technician has to diagnose the fault and 

rect ify the fai lure as quickly as poss ible to return it to a serviceable condition. Althoagh 

Ilw problems mentioned abo ve were ve ry serious. In tlie best or' my knowledge no 

research work has been done in the Ai rli ne to so lve sl.1ch kinds of problems. 

There is one attempt made by HaileLeol (2004) which focuses on dassifying the 

performance of gas turbine engines by evaluating its basic parameters with the help of 

neural network approach . However there are different research works worldwide which 

are done based on their own problems. An expert system illustrated by the development 

process of an Airbus A340 fault diagnostic expert system (Haiqia et aI., 2004) using case 

based reasoning and fuzzy logic is one of the works clone in this area. A fuzzy-logic 

based automated engine health monitoring for commercial aircraft (Seref et aI., 2008) is 

also anothe r research work which uses engi ne performance parameters gathered from 

aircrali for every erdi se night 3S an input for the fLIZZY log ic . The syslem produces output 

va lues between O-faul ty and I-not faulty for every fau lt or deterioration on a time series. 

An Advanced Diagnostic Software which was originally deve loped to assist U.S Air 

Force technicians in performing organizational level maintenance on B-1 BANI Alq-16 1 A 

Defcnsive Avionics Syslenl (DAS) which uses an expcrt heuristic knowlcJge. 

maintenance tool s and onl ine documentation to support specifically the less sk illed 

technicians. 

Most of the researches were specifically designed to tackle their working environment 

problems with respect to learning efficient fault isolation technique. Nevertheless these 

Solulions Illav nOI tit 10 the actual problems of the airline that suffers in brain drain. As it 
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has been discussed earlier the tacit knowledge which is needed by many airlines across 

Africa and in the M iddle East can be captured by using knowledge based systems. 

As a matter of fact. documents provided by Boeing (aircrafts manufacturing company) 

Ii.r aircrali maintenance organizatio n ~; like the aircrat'[ maintenance manuals and lault 

isolation manuals are the primary tools to be consulted during any maintenance activity. 

However, records from efficient maintenance practices applied by experienced 

technicians that are done based on the aircraft maintenance manuals and the existing 

prob lems were the source of inspirat ion for this ;·esearch. T:,·~ test procedures, 

maintenance and fault iso lation manuals contain recommended steps for detecting and 

rectifying defects nevertheless their use alone does not guarantee success in timely 

diagnos is and repair. This research is intended to be used as knowledge based system that 

can facilita te the "collection of the maintenance knowledge" and by coupling it with the 

"connectivi ty knowledge" to make knowledge management system a viable entity. 

1.4 Objectives oUhe Stully 

1.4.1 General Objective 

The main objective of this study is to design an applicable knowledge based system that 

can facilitate fault isolation and diagnosis for aircraft maintenance in Ethiopian Airlines. 

1.4.2 Specific Objectives 

To achiev~ the general objective, the following are the specific objectives of the study. 

• To review literatures and documents for identifying challenges and oppOitunities 

associated with fault isolation and detection of aircraft systems. 

• To analyze doculllents and interview experts in oreler to acqu ire the domain 

knowledge, procedures, and variables used in aircraft maintenance. 

• To represent and Illodel domain knowledge using suitable knowledge 

representation tech nique. 
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• To develop prototype knolVledge based system that demonstrates a fault isolation 

and detection for aircrati system maintenance. 

• To test the reliability and performance of the new system with the help of experts; 

• To recommend suggestions for fllIiher work; 

1.5 Methods of the Study 

The literature review, data collection methods and implementation tools are included in 

the methodology to fullill the overall objective of the st udy. In the methods section how 

the data is co llected and analyzed is discussed. The implementation tools available to 

acquire knowledge from experts are understood, collected and represented in this section. 

1.5.1 Literature Review 

To understand the exact contribution of the work, literature revIew IS necessary. Thus 

previous works in the same area are assessed for their inputs, design method and other 

unique features. Some research has been done regarding the previous and current 

technology of knowledge based system employed for aircrati maintenance es~ecially in 

fault isoiation. The research has reviewed the literature of underlying concepts behind the 

development of severa l applications of knowledge based systems. 

1.5.2 Data Collection Methods 

The data co llection method for this study is performed mainly using direct and participant 

observation along wi th the review of efficient maintenance practices. Participant 

observation is used in the data co llection technique to exploit the opportunity of the 

researcher as knowledge engineer and domain expert. Such observations cover events in 

real time, and with their contextual meaning. Efficient lI1aintenance practices will be 

collected from the aircraft maintenance resume book which contains the records of each 

maintenance activity for every flight schedule. Samples of outstanding maintenance 

ac tivities wi ll be collected from the resume book usi ng purposive sampli ng. 
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In the development of this knowledge based system for fault isolation in aircraft 
maintenance, 'most of the information and knowledge are acquired by performing 
structured interview with skilled technicians and reviewing records of efficient 
maintenance practices, 

Moreover documents available in the Portable Maintenance Aid which includes Aircraft 
Maintenance Manual, Fault Isolation Manual and Illustrated Parts Catalog are used as the 
reference materials if the maintenance practices are compliant with these documents, 

The design of data collection process begins with the co llection of outstanding and 
efficient maintenance practice from the daily recorded maintenance resume book. 
Manuals and related documents are consulted for preparing a structured interview with 
the experts in the different specialties of aircraft maintenance by approaching from 
general concept to particular and detail topics of the domain. Once the efficient 
maintenance practice and structured interview questions are prepared, the next step of 
identifying skilled experts in Avionics and Airframe fields is performed. The experts are 
selected because of their experience and knowledge. The final step of data collection is 
performed by making structured interview with experts frequently. 

1.5.3 Knowledge Based System Design and Implementation Tools 

The knowledge acquired through the skilled ,.;chnicians and maintenance records are 
represented in such a way that it can be understood by the computer through coding. This 
knowledge is later used for decision making by the knowledge based system. Among the 
various formal methods that are used for kno\> ',edge representation, rule-based backward 
chaining method is adopted as it is suitable for diagnostic problems. 

A rule based approach supports for the use, in a very direct fashion, experiential 
knowledge acquired from human experts particularly for domain problems that rely 
heavily on heuristics to manage complexity or missing information. 

As a primary contribution for the problems the airline is facing in improving the skill of 
inexperienced technicians a rule based system is helpful in keeping the di scipline of 
aviation maintenance by performing maintenance activities based on recommended 
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practices. The system uses production systems approach of a rule based knowledge 

representation. The learning algorithm provides a hypothesis that does a job of predicting 

the classification of unseen maintenance activities based on the training set. The quality 

ui'the hypothesis is assessed by check ing it with the test set or fa irly chosen maintenance 

records done by sk illed technicians. After all of thc elemcnt3 are designed, the 

development phase has started for both programming and the construction of the user 

interfaces. 

Prolog programming language IS used to program the system end constructing the 

interface. It is selected based on availability, suitability of the backward chaining 

inference, for reasoning USll1g domain knowledge, easy to learn design tools, error 

handler and debugging tool s. According to the SWI prolog documents, the full 

development environment of SWI prolog including graphics, libraries and many interface 

packages requires approx. 40MB hard disk. The non-graphical kernel is about 650Kb, the 

graphics library adds about 1.2Mb to the imagc. XPCE is the platform independent GUr 

toolkit for S WI-Prolog. 

The S WI pro log has a flex ible and fast interface to the C- and C++-Language. The 

interface allows for calling both-ways, handling of non-determinism both ways and 

embedding of the S WI-Prolog kernel in C/C++ projec's. SWI pro!;:,!; supports execution 

proliler (timc and cal l stati stics) for Linux, most Unix platforms and Windows 

NT/2000/XPlVista. 

SWI prolog is Portable to many platforms, including almost all Unix/Linux platforms, 

Windows (NT/2000/XPlVista, including 64-bit edi tions), MacOS X (using X l I for 

graphics) and many more. Both 32-bits and 64-bits hard ware is supported . Sources are 

plain C99, configured automatically usi ng GNU autoconf(configure, make, make 

install ). 

The prototype is capable of solving problems related with the aircraft systems in general 

and the p~ssenger service/ente rt ainment systems in p~!'l'clllnr as 1"!~r as the !<nowledge 

acquis ition and inference rules are represented properl y. The resu lt of the knowledge 
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practices. The system uses production systems approach of a ru le based knowledge 

representat ion. The learning algori thm provides a hypothesis that does a job of predicting 

the classificat ion of unseen maintenance acti vities based on the train ing set. The quality 

"I' the hypothesis is assessed by checking it with the test set of fa irl y chosen main tenance 

records done by skilled technicians. After all of the elements are des igned, the 

de ve lopment phase has started fo r both programming and the construction of the user 

interfaces. 

Prolog programming language IS used to program the system ~ nd constructing the 

interface. It is se lected based on ava ilabili ty, su itabi li ty of the backward chai ning 

inference, for reasoning uSing domain knowledge. easy to learn des ign too ls, error 

handler and debugging too ls. Accord ing to the SWI prolog documents, the full 

de ve lopment environment of SW I prolog inc luding grap hics , li braries and many interface 

packages requires approx. 40MB hard disk. The non-graphical kernel is about 6S0Kb, the 

graphics lib rary adds about 1.2 Mb to the image. XPCE is the pla tform independent GU I 

toolkit lor Slid-Prolog. 

The SWI prolog has a fl ex ible and fast interface to the C- and C++-Language. The 

interface allows for calling both-ways, handling of non-determinism both ways and 

embedding of the SW I-Prolog kernel in C/C++ projeccs. SWI prolv5 supports execut ion 

profileI' (time and ca ll stat istics) for Linux, most Unix platforms and Windows 

NT/2000/XPlV ista. 

S WI prolog is Port~ble to many platforms, includi ng al most all Unix/Linux platfo rms. 

Windows (NT/2000/XPlVista, including 64-bit edit ions), MacOS X (using X II for 

graphics) and many morc. 130th 32-bits and 64-bits hard ware is supported . Sources are 

plain C99, configured automatica lly using GNU autocont'(configure, make, make 

install). 

The prototype is capable of solving problems related with the aircraft systems in general 

and the p,lssenger serv ice/entertainment systems in P~ ! ' ! i cul ~ r as Jc-'!~i' as the !(f>.owiedge 

acqui sition and inference rules are represented properly. The result of the knowl edge 
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based system can a lso be used by aircraft maintenance foremen and managers for 

interna li z ing the wo rki ng principle of specifi c aircraft systems. 

Designing phase is considered as the phase o f prototype development. A prototype which 

represent s the in itial part o r the full kno wledge based system is develo ped. The prototype 

is built in step wise 1'01' the purpose or ge lling a deeper insight and heller understanding of 

the problem and system 's requirements. In fact, system' s design is inherent ly an iterative 

process where findings from system testing are used to refine the system 's knowledge 

and structure. 

1.5.4 Testing Mechanism 

The knowledge based system has to be tested for effectiveness and efficiency so as to 

evaluate its performance by comparing it with experienced technicians' problem solving 

approach. A maintenance record of major failures and their so lu tions is compared with 

the ncwly deve loped sys tem . 

Outstanding aircraft system fili lures that include cabin passenger servtce and 

ente rtainment systcm, are co ll ected and prepared as questions to the experts (see table 4.1 

for details). The so lutions provided by experienced technicians are compared wit'1 the 

know lerlge based system sol utions. Sol utio ns without signifi cant differences between the 

c~ pcrts and the knowledge based sys tem are accepted as good performance for the 

knowledge based system. 

1.6 Scope and Limitation of the Study 

In thi s research a prototype of fault iso lation uSll1g knowledge based system in 

Com munication System o f a Boe ing 767-300 aircraft is designed after analyzing the data 

collected from the observations and efficient maintenance records part.icularly in total 

entertainment/service system, airshow and passenger address systems. Three of the 

Ethiopian Airlines aircrafts which are usuall y used for US and Europe flight s with 

computer based e ntertainment sys tem are se:ected for this research work. 
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An aircraft system basical ly includes the Ai rframe, Avionics and Engine. The 

ma intenance acti vities are perfo rmed based on the documents prepared by Maintenance 
~ 

Engineering Technical Services (METS) of the Boeing Commercial Airplane Group in 

accordance with Air Transport Association of America. It contains the data necessary to 

service, troubleshoot. check, and repair systems and eq uipment installed in the airplane 

lor maintenance done on the line or in the mainlenance hangar. 

The Maintenance Manual is div ided in to chapters and groups of chapters. The 

chapterization separates the manual into the primary functions and systems of the 

ai rplane. These chapl ers include the foll owing aircraft systems: Air conditioning System, 

Autop ilot System, Commun ication System, Electri ca i power Syslem, Flight contro ls 

System. Engine fuel and control. Hyd rau lic ar,d Pneumat ic power, indicat ing and 

reco rding systems, Landing gear. Na vi gation, Power plant, Oil system and many others. 

The knowledge based system developinent of the research work encompasses the 

knowledge acquisition phase which includes observat ion, interview and document 

analys is and the domain knowledge mokl.ing using decision tree along with rule based 

knm,·ledge representation technique. The aircraft bu il t in test equipment (B ITE) 

information is not used in this study due to the time constrai nt. The other limitation of 

Ihi s research work is that some of the maintenance resume book records are lost as 

aircrali discrepancies, defects and their corrective actions are recorded in Excel fil es. 

1.7 Application of the Results and Bencficiarics 

The knowledge base system devdoped is app licab le to guide and direct less sk illed 

maintenance staff. The system is used in the ai rcraft hangar or in line maintenance where 

the airp lanes are di spatched. However the prime benefi ciaries of this system are the 

maintenance personne l's in the newly estab li shed Faul t Management Team (FMT) and 

Ihe Mainlenance &. Operat ion Contro l Cen ler (MOCC) where the mai ntenance activities 

are coordinated in the home maintenance center and in other stations outside the country. 

It also helps to isolate and diagnose aircrnft system and component failures within short 

ground time of the aircraft using the knowledge based system which alleviates the 

c.umbersome nature of l11 aintenance publicat ions, together with their inefficiency and lack 

of effectiveness as diagnostic aids kads to unstructured and iiiogical faul t diagnosis. 
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Moreover it reduces rr('~uent equ ipment relw)Vals \\ hich resuils in No fault Found 

si tuations. adding unacceptabl e expcnditure to the cost of maintenance. It can also be 

used as a major tool/or gi vin g technicians a thorough understanding of a ce rtain system. 

its components. input outputs and the other system it wil l affects. 

1.8 Organization of the Thesis 

The stud y is orga ni zed into six chapters. Chapter one is the introductory part, which 

contai ns the background, problem statement and their justifications, objectives, 

methodology, scope and limitations to carry out the research. Review of literatures on 

the knowledge based systems, about its background, architecture, and knowledge based 

sys tem development and its apj)lications in the area "I' airc raft mnintenance in general 

and rault iso lation and di agnosis in particular is presented in chapter two. 

Chapter three deals with the fundamentals of aircraft maintenance in general and a detail 

discussion on fault identiti cat ion, iso lation and diagnosis of aircraft maintenance in 

particular. Thi s chapter also includes fillU.t isolation and diagnosis practices of aircraft 

maintcnance in Ethiopian Airlines . 

Chapter lour is concerned about the methods that arc used for kno wledge acq uisition, 

knowledge representation and modeling processes in the present study. 

Chapter five presents the development of the prototype knowledge based system under 

study. It also shows the performance of the knowledrc based system for fautt isolation 

and ciiagnosis and report's findings oCthe study. 

finally chapter six highlights the conclu.sion and recommendations made for further 

research work in the future. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

Artificial intelli gence (A I) is direc ted towards bui ld ing a machine and improving our 

u l1 (k rs t~ nding of intcll igcnce. One of the most success ful appl ications of artificial 

illtl~ lli gc ll ce reaso ning techn iques lIsing I"acts anci rllks h,!s been ill buildillg expert 

systems that embody knowledge about a specialized fie ld of hUmai l endeavor, such as 

medicine, engineering, or business. Arti'ficia l intelligence programs that achieve expcrt­

level competence in so lving problems by bringi ng to bear a body of knowledge are called 

knowledge-based sys tems or expert systems (Zili anu Chengqi, 20(3). Often. the term 

expe rt sys tems is reserved for programs whose knowledge base contains the kwmlcdge 

used by human expcrts, in contrast to knowledge gathered from textbooks or non-expert s. 

Some successes have been ach ieved in mimick ing specific areas of human mental 

act ivity. For instance. machines are now able to play chess at the highest leve l, to 

interpret spoken sentences and to diagnose medica l and technica l complai nt s. In 

achicv ing these modest sLiccesses. research in to artifici al intelligence (together wi th other 

brnnches of computer sc ience) has resulted in the deve lopment of severn I uscfu l 

computing too ls. 
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.-
of Application Prob lems A'.!rlres~ ed 

Interpi 'etati on Form ing hi gh level conclusions or descriptions fi'om collections of 

raw data. 

Predi ct lon Projecting pro bable consequences of a given situation. 

- '-. -----
Determining the cause of malfll'1cti ons in complex sit;Jati ons bas~d SIS Diagno 

on obse r\'ab le symploms. 

Design Confi guring objects u'iider constraints 

-
P] nllllil 19 Devis ing a sequence of acti ons that achieves a set of goal s given 

ce rta in starti ng conditions. 

! 

Debugging 

Companng the observed behaVior of a system to Its 

behavior. 

expected I 

-------r=P·r-e-s-c-r~i b~i-n-g-r-e-n1-e-d~i -es--t o--n1-a~l~h-II-,c-t~io-n-s----------------------~ 
.... - - .-. ------ ----1-,-------,-------,--------- - ,,---,------,---------------

Repair Executing a plan to admini ster a prescri bed remedy 

I nstruct ion 
----+---.-----------------------------~---_c---------------

Diagnos is, debugging and co rrecting student perfo rmance 

------ ·--.. - -----i--=----;---;---;---:----;-----;c-----c:-------;-------------------t 
Control Governing the behavior o f a cOlllplex e l~v ironmen ~ . 

-=-~7-~-~-~- --- ---
Ta ble 2.1 . Areas of app li cat ion and the ir l:e levan t problems arc addressed 

The knowledge based sys tems have di fferent areas of applicati on depending on th e 

problems which needs to be addressed as shown in table 2.1. 

20 



2.2 Know ledge Based System Arch itectlll'C 

The knowledge bas~d system structure is composeci of the fol lowing main components as 

illustrated in the ligure 2.1 (Nilsson, 1998). 

r 
Domai n Expert 

. * I Knowledge -, 

l~qui s i tion SUbSYS~ 

Knowledge [lase 

facts, heur istics 

,--JU~' 
user lnte~ 

Explana~1 
Subsyst~ 

1 
Inference Engi ne 

Knowlcdge Engineer 

Figure 2.1 Basic Structure of Knowledge Based System 

User In ler/ace: A user can in teract with the knowledge based system via use r interf(lce . 

User can enter commands, respond to questions, etc. Advanced interfaces make heavy 

use of pop-men LIS. nat ll ra l langllage. GU I or any other style of interaction. 

In/i-reliC<' Fllgine: It is also known as rille illlerpreler and is the r robkl11 -sol', ing 

component. It allows new inlerences to be made li'olll the case specific data and thc 
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knowledge in the Kr3. These new fac ts represent conclusions nbout the Slate of the 
domain given the observations. 

The inference engine implements the recogni zed act cycle of the pruduct ion system ; this 
control may be either daw-driven or goal-d ri ve n. InlCrence engines are of two kinds: 
categorical and non-categorical (Luger and Stubblefield, 1998). A non-categorical 
infe rence engine calculates confidence 1evel for each conclusion it reaches, where as 
categorical engine does not. For rule-based expert systems, the inference engine jlerforms 
inference mechani sm by carryi ng out: 

• fon vard chaining (also known by names: event driven, data 
driven, bottom-up, condit ion driven), or 

• backward chaining (also known as goal-driven, top-down 
approach) 

Knoll'ledge Basejixts. heuristics: The knowledge base ho lds the expertise that the system 
can deploy and is constructed by the knowledge engineer in consultation with the dOll1ain 
expert. For many knowledge based systems, knowledge representat ion is through the use 
of product ion rules, framcs and semantic nets. 

Explanation Subsystem: - analyzes the straCture of the reasoning performed by the system 
and explains it to the use r. 

Domain expert - the ind ividual or ind ividuals who current ly a;'e ex.perts in solving 
problems of the domain area. 

Knowledge engineer - the individual who encodes the expert's tacit knowledge along with 
related documents in a declarative form that can be used by the knowledge based system; 
User - the individual who consu lts with the system to get advice whi Ch would havc been 
provided by the expert. 

The expl icit separat ion of knowledge from contro l makes it easier to add new knowledge 
either during program deve lopment or in the light of experi ence during the program's 
lifetime . There is an ana logy with the brain. whose control processes (the inference 
cngine) are approxi mately unchanging itnheir nHiure. even though individual behavior is 
cont i nllall ), mod i fi ed by new knowledgc Bnd ,~ x per ience (u pdat i ng the knowledge base). 
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The knowledge is represented explicit ly in the knowlcdge base, not implicitly within the 

structure of a program_ 

Thus the knowledge can be altered with -relati ve ease. The inference engll1e use" the 

knowledge base to tack le a particular l?sk in an analogous fashion to a conventional 

program using a data fi Ie. 

The principal difference between a knowledge-based system and a conventiona l program 

lies in i.ts structme (Ad rian , 1992). In the conventional program , data is inti mately 

intertwined with software for controlli ng the applicat ion of a given iacts as described in 

tahle 2_2 (Susanne and Abraham, 1993)_ 

r------ -----------------:::-------------------- -----:-:~ 

Knowledge based Systems Co nventional Softwa re -l 
~--~~~~--~--~~~---~ 
Represent and Manipulate knowl edge Represent and manipulate data I 

I 
I 

i-SY~;bOl i C informati on [ Numeric in formation --l 
1

- ------------------------- -- -----------.--- --------- - ---- - - - .-----.- ----------.--.--- -- ----, 
I-I euristic so lu tion I Al go:-ithmic solution . 

----------------.---l--c----,---------~---=------c 
Requ irements are vague Requirements are well defined --l 
_~:):_r(_)x_' i ~'_la_t_e _m_ls_w_e,_.s ___________ +--:-E_x_a_ct_a-,'_ls_.'---,ve_'-:-.s_---:-_-----,_-:--:-_ _~~_-__ j, 
Control and c1ata separate Contro l and data intermingled 

I 
......... __ .. _- ------.----- -------- ._-- -_ .. - ._ ... - ----_ .. ,-- ---_ .. _ .. _-----------_._--- __ _ . I 

Table 2.2 Compari sons of Expert Systems and Conventional So ft ware 

2.3 Knowledge Representation 

Knowledge representat ion can best be understood in terms of fi ve disti nct roles it plays 

and ex pressed each as crucial to the task at hand (Randall et aI. , 1993). 

• A knowledge representation (KR) is most fundamentally a surrogate, a substitute 

for the thing itse lf, used to enable anentity t.J deten~line conSL'quences by thinking 

rather than acting, i_ eo, by reasoning about the world rather than taking action in it. 

23 



• It is a se t or ontological comm itments. i.e .. Hn answer to the question: In what 

te rms should I think aboul. the world? 

• It is a fragmentary theory of intelligent :'easomng, expressed In terms of three 

component s: 

o (i) the representa tion's fundamenta l conception of in te ll igent reasoning; 

o (ii ) the se t of in re rcnces .the reprcsentatil' lI satl cii ons, 

o (iii) the se t of inferences it recommends. 

• It IS a medium for pragmatica ll y efficient computation, I.e. , the computati onal 

environment in which thinking is accompli shed. One contribu tion LO this 

pragmati c effi ciency is suppl ied by the guidance a representat ion provides for 

organi zing information so as to facilitate making the recommended inferences. 

• It is a med ium or human express ion. i.e .. a language in whi ch we say things about 

the world. 

2.4 Knowledge Representation Methods 

In bu ilding a knowledge base. several methods of kno w'ledge rcprc5cI·.tat ion can be used. 

However the most widely used knowle_dge representation techni ques incl udes semantic 

ne tworK s. li"ames and rules. 

2.4.1 Semantic Networks 

Semantic networks are direc ted graph for describin j! semantic relati onships between 

knowledge items in a knuwledge base. The Inost cOlllmon relationships (suitab le for 

objec t-ori ented case) is shown in fi gure 2.2 . 

• " is a": object 'A' is an instance of object 'fl' when object ' A' " is_a" object 

"8 ' holds . 

• "part of": object '.II' is a part of or an 8ttri l::cil~ of ohjec: 'f]' when objcct 'A' 

"part_ oP' objec t " B' holds. 
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l-- Teacher 

Is a Part of 

Chair is part of Room 

Is a(Michael, Teacher) Part of (Chair, :Zoom) 

Figure 2.2 Example for semant ic network 

Semantic networks involve nodes and links between nodes. The nodes represent objects 

or concepts and the links represent relations between nodes. The links are directed and 

labeled; thus, a semantic network is a directed graph. In print, the nodes are usually 

represented by circles or boxes and the links ar~ dralovn as arrows between the buxes. The 

structure of the network defines its meaning. The meanings are merely which node has a 

pointer to which other node. The network defines a set of binary relations on a set of 

nodes. 
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2.4.2 Frames 

A li'arne is a collection of slots (attributes) that characterizes an object. Each slot may be 

Iii led with a val ue. a delilll it. another f'rrfn1e. or proceciures. Embedd ing procedure within 

a li'ame is cal led procedural attachment. 

Coffee mug Frame 

IS A Mug 

CAN HOLD LIQUID True 

NUMBER OF HANDLES Default = 1 

SIZE Range: Small, Medium, Large 

PURPOSE Value: drinking coffee 

COST Demon ( $ needed) 

MATERIAL Default = pottery 

Table 2.3. An example of Frame on coffee Mug Object 

If stored with a slot, procedures that are triggered whenever the slot is changed arc known 

as demons. A slo t in a frame is equivalent to a link in semantic net. A frame allows both 

data and procedures to he included within one structure. 

A slot includes details of each data object, providc links to other frames, contain 

procedural code, linking to other applications to obtain data or write data, and indicate 

whether or not certain properties of each object are needed within that frame. 

26 



2.4.3 Rules 

Rules are the most app li cable and relati ve ly easier way of knowledge representation in 

the development of a knowledge based system. A rul e hased sys tem consists of a set of 

11 :- 11 [[ :N rules. a sc t of fact s and an interpreter contl'l,lIing the appli cati on of the rules. 

given the fact s. 

Interpreter 

Rule Base 
Fact Base 

IF x THEN ADD y 
-x 

IF a AN D \' THEN ADD h 
-3 ) 

IF b TI-IE~ ADD m ~ ~_/ 
Figure 2.3 Rule based system architecture 

The interpreter cou ld be either a forward cha ining or bf,ckward ci'aining system. 

2.4.3.1 Forwnnl Chniuing Inference 

Forward chaining inference is practical when combinatorial explosion creates a 

seemingly infinite number of poss ible ri ght answers, such as possible configuration of a 

machine. For many problems it is not possible to enumerate all of the possible answers 

hcl() re hand and ha ve the sys tem select the co rrect one. For examp le. configurat ion 

problems lilll in thi s category. 

These systems might put components tn a computer, design circuit boards, or lay out 

office space. Si nce the inputs vary and can be combined in an almost infinite number of 

ways, the goal dr iven approach will not work. The data driven approach, or for,vard 

chaining. uses rules similar to those used for backward chaining, however, the infeicnce 

process is different. The sys tem keeps track of thc current state of problem solu tio!, and 
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looks for rules which will move that state closer to a nnal solution (Amzi, 2000). In the 

following example the se t of rules based on given data "A" and "B" yields a conclusion 

If A and B then C (Rule I) 

Ir c then D (Rule 2) 

IfD then E (Rule 3) 

Whcn more than one rul e can be invokcd, the strategy of selecting one rule to exeCUlC its 

actions is known as confl ict resolut ion (A.mzi. 2000). The guidel ines are: ,eiect the rule 

wilh highest priorit y. or with Illost speciiic rule. or most recent ly used rule, or rule which 

lllatches the database element with the highest order. According to Amzi, the difficulty of 

a data driven inference comes when the rule base is ve ry large and the whole process is 

not direc ted toward goa l. 

2.4.3.2 Backward Chailling Inference 

Backward chaining inference is practical whell there are a reasonable Ilumber of poss ible 

final answers, as in the case of a diagnostic or identification system (Amzi. 2000). That 

is. the aim of the system is to pick the best chQice li'om many enumerated possibilities. 

For example, an ident ificat ion problem fall s in this category. Diagnostic systems also fit 

thi s model. since the aim of the system is to pick th ~ correct diagnosis. 

The sys tem matches rule conclusions with the goal, se lecting one rule and placing its 

premises in the working memory. The_process continues in the next iteration of the 

prod uction systems, with these premises becoming the new goa ls to match against rule 

conclusions. The fo ll owing small knowhidge based systcm depicts diagnosing automotive 

prubicills using go;,1 driven inference eng ines. 

Rule I 

If' The eng ine is getting gas, and 

The engine will turn over 

~- hen The problem is spark plugs 
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Backward chaining or goal driven inferences have an advantage of directed search 

despite the requirement of a known goal (Luger and Stubblefield , 1998). The system 

methodically tri es to prove or disprove each possible answer, gathering the needed 

infa rmation as it goes. 

2.S Knowledge Based Sys tem Development 

Knowledge based system technology has no widely recognized and accepted 

methodology by whic.h the development of knowledge based systems is achieved . The 

mos t commonl y used method of development is an it erative refinement or prototyping 

(Susa llne and Abrnham. 1993). This method consists of obtairling a set of example test 

cases, dete rmining from the domain expert how he/she would solve each of these test 

cases, and encoding this experti se into a knowledge base. This process is repeated until a 

knolVledge based expert sys tem evolves which sat isfi es the research being conducted or 

which meets the cllstomer's needs. When the iteration stops, the knowledge based system 

is va li dated on a small set of test cases. These test cases are often the same ones upon 

whi ch the knolVledge base is built or scenarios encountered in the operational 

cn vi rollmen!. 

The verification and va lidation testing and the analys is of the resu lts from the testing arc 

performed in an in fo rmal, arbit ra ry manner. This testing and analysis entai ls the 

knowledge engineer or customer manuafi y executing test cases and checking the result s 

ag~inst the expected results. Wh ile this empirical approach was sati sfactory for the 

development of knowledge based systems within the research laboratory cnvironment, 

more systematic, structured approaches to developtl1ent are needed to produce quality 

expert systems for commercial applications (S usanne anci Abraham. 1993). 

2.6 Challenges of Fault Isolation Techniques in Aircraft Maintenance 

II is unal'o iciable 1'0 1' aircrall to malfunction in routine usc. because of operation mistakes, 

faults in material , manufactured errors, fatigue, abrasion and degradation. A disaster 

might be caused by faults of aircraft. so fault diagnosis is a very important guarantee of 

its ni ght safely. A process of fault diagnosis for an aircraft system is to establish the 

possibility that each of the components . may lead h.."/ a mnlft.i il\"'~ i o ll . Aircj'all :S :1 
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complicated system in terms of the concept of fault dia~nos is. Its >lrLiclure is a multiple 

la ye r architecture. which is comprised of many subsystems. Each subsystem is for;TIed by 

subsys tems or subunits of lower leve l. 

The subsystems or subunits are usually interactive with each other. Connect ions between 

leve ls of aircraft structure usua ll y are difficult to specify due to the multip licity and 

heterogencity of the structure and I'unction of" aircra ft units. The mec hanical and elcetric 

components of these eq uipments have been integrated In aspects not on ly of control but 

also of functio n and struct ure. Components of a certain aircraft night contro l systcm for 

instance involves mechanical movements. of an actuato r, a display unit which informs the 

status of night cont rol movements such as indication and crew alert ing messalje di splay 

unit ailli its computer. so lenoid va lves, hydraul ic/electrical motor d , i,~n pumps, "cnsors, 

l1ight control cables, and others. Spec ific knowledge of only mechanical or electrical 

technology is not enough to visualize the system at hi gher order functional ity. A 

multidisc iplinary knowledge is required to understand and diagnose the fault of an 

ai rcraft system. The increasing complex ity of systems and technology leads to the 

difficulty of developing an applicable mode l to fault diagnosis. The approaches based on 

stati stical methods are more applicable to tault diagnosis lor aircraft units , because ,,(" the 

relative easiness for building statistical model. 

The design of in tegrated systems has been carried Ollt in iso!ation to the development of 

maintenance procedures. More recently _system design and development accepted the 

need to consider fu ture in-serv ice maintenance. Specification of ,ect ification dctivit ies 

result ed f"rom wo rk in identifying potent ial f"ai lures which led to equipment malfunct ion. 

Robert (1999) has Slated the following deficiencies in thi s approach: 

• Correc ti ve actions/procedures stemmed only frolll identification of system 

ma I !i.1I1cti ons. 

• Difficulties in recording the experi ence and e~pertise of system specialists. 

• Difficulties in retaining and exploiting expert knowledge. 
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• Cumbersome ilnd ineflicient diagnostic aids kaving maintcnance personnel 

to either remember test procedures or otherwise transport system 

documentation to the fa ul t diagnosis and rectification si te. 

I'ressures of modern business demand rapid diagnosi s and rect ification of a system which 

experiences a malfunction. However, diagnosing and iso lating faults in a complex system 

requ ires detai led analysis of systems ch<1f~cteri stics which takes time. Associated lack of 

experti se, low skil l levels, poor system knowledge, ineffective fa ilure definition together 

with poor maintenance and diagnostic support tools demand a better way of handling 

malfunctions that aid timely fau lt diagnosis and provide a capabi lity of pred icting 

diagnosis times. 

Ineffec tive fau lt diagnos is can be attributed to a number of factors. First, high reliability 

and integrated systems where infrequently occurring complex failures limit a technician' s 

exposure to a problem which inhibits the learning curve. 

Second . unavai lab ility of test resources such as experienceu iechnicians, meani[ ,gfu l 

nHlIluals, effecti ve tault diagnosis aids and ·efficient BIT (Built-in Test) and ex ternal test 

equipment. Third, poor understanding _of system configuration can also lead to an 

ineffective fau lt diagnosis. 

Time covering access, defect rect ificatio-n-(adj ustment. repair or replace), test and close 

lip can be predicted. either fi'om in-service experience or li'om predictive tec!lniql.les 

Lls;ng time standards such as method tirne measurement (MTMj. However, little, if an)" 

attention seems to have been given to producing time prediction techniques covering fault 

diagnosis and isol ation. 

There is no reason why the time needed to diagnose and isolate a fault cannot be 

predicted if a structured and discip lined expert approach is adopted. 

Logical test procedures, developed by a system expert. e~n be broken down and subjected 

to timing ana lys is, either by timing test procedure acti vi ti es against an actual system or 

by time standard ana lys is. 
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2.7 Knowledge of Experts and the Knowledge Based System Solutions 

In isolating a ',"dt in a complex system a domain expert develops a search strategy based 

on knowledge. expe ri ence and reasoning logic. Such a strategy wi ll di rec t an immed iate 

course of action based on success probability from past experience, moving to lesser 

probability areas if the fault is not immediate ly isolated. Resolution of unusual defects 

adds to the expert's knowledge and defect probability data sc i 101 IU[llre diagno:;i s wu rk. 

If this approach is developed, a knowledge based fault iso lation strategies can form part 

of the direction offe red by such a tool and can be used to direct less skilled maintenance 

staff in effective and timely fault diagnosis. In addition , if the knowledge based system is 

used to time test procedure and fault isolat ion activities the fault diagnosis time 

prediction and probability data set can be fine tuned agai nst in-service experience. 

The hUlllan ex pcrt 's elect ron ic counterpart can eXI';li1d it s knowledge base of frequency 

and type of defects to all ow amcnci mclit of liHure search strate~ies, coupled witl1 

predicted times aga inst each defect probability. Traditionally maintenance technicians 

rdy heav il y, if not totally, on technical publications for all reference information 

co\'ering COil li gurat ion dctai Is. fUl1clionai il'Y de sc ripli o n~, fault diugnusis proceour(!s and 

test procedu res. Oil iso lating a '''!lilt reference is made to maintenance manuals for 

proced ures on component adjustment or removal, having first consulted a zonal reference 

document to identi fy the locat ion of the relevant component and related access panel. The 

illustrated parts catalogue is used to identify part numbers and formal component 

descripti ons for use in ordering replacement spares and related expendables. The 

maintenance manual s and tes t procedures provide reference informati on for fitting and 

testing of a serviceable component. Their cumbersome nature and inetliciency in fault 

diagnosis rest ri ct portability and often fo rce maintenance t.echnicians to try and remember 

test proceciures and related maintenance activities, contributing to unstructured fault 

linding and excess ive down time (Ro bert, (999). Rei1ted equipment r~movals may well 

be class itied as no fault found (NFFJ, add ing unacceptable expenditure to the cost 01' 

maintenance. 
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Fault diagnosis also relies on the technician's experience, knowiedge and reasoning ~ki ll s 
to develop a fault isolat ion strategy, while ex treme difticulty is experienced in fo recasting 
the diagnosis ti me. 

An expe rt is not always ava ilable. Moreover, feedback and update of proceddres, 
manuals and all related publicat ions rely on manual effort. A system is envisaged where 
all reference materia l is centrally and electron ica ll y stored, which directs fault diagnos is 
iso lation, thus ass isting technicians lacki ng system expert i s~, and whIch all ows predicl ion 
and update of diagnosis times. 

In short a rugged PC, offering access to all re levant data and in fo rmation, replaces 
numerous publications and serves as an electronic toolk it for use by technicians at the 
work site. Robert (1999) sets a vision of such a fault diagnosis system as: 

• Expert knowledge is collected and modeled in a central system to provide a 
knowledge-based fa ul t diagnosis system. 

• Reference functional, contiguration, maintenance and test procedure data and 
information are contained electro nica ll y in the expert system in textual, graphical 
nnd diagrammat ic formats, 

• The knowledge-based fau lt diagnosis model and reference informat ion IS 

downloaded to a rugged PC. 

• The PC is issued to the maintenance techn ician. 

• The knowledge-based fau lt diagnosis sys tcm provides a strategy to direct the 
maintenance technician in isolati ng the fa ult, at the same time offeri ng relevant 
reference info rmat ion as requi red or as req uested. 

• The maintenance technician's diagnosis activities are ti med by the PC to generate 
'.1 data set of diagnosis predic ti on times. 

• The PC system has the facility to inco:-porate new symptoms and related 
diagnosti c procedures in temporary memory 11) r subseq uent human expert 
analysis and va lidation prior to updating of the central system . 
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• Fault diagnos is search strateg ies, coupled with forecast success probability, are 

modifi ed in the system with in-service experience. 

Ma nual I"ault diagnostic aids and low-level maintenance technician expertise are suited 

lo r si mple systems. However, as system complexity increased greater levels of 

maintenance technician expertise are needed, together with the sophi stication of test 

equipment, which started to exceed the technician's. 

The sit cmtion brough t about deve lopment of a nUJ'lher of techniques to assist the 

techni cian, including Built- In Tcst EquijJment (BITE), Automatic Test Equ ipment (ATE) 

and electronic m8nuals (Esker el aI., 1990). BITE is incorporated in a design to 

cont inuously test system functionality whi le the system is operating. It is important to 

note that BITE was not originally intended to isolate fa ults, ollly to detect faults. It is also 

important to note that the skill s demanded of a maintenance technician far exceed just 

1~\lI lt detec ti on. In addition to detect ing faults, they involve testing, diagno~ing and 

rectifi ca tion which are knowledge-inten~ive and experience-based activities. 

Knowledge applied has been acquired by study, investigation , observation and 

experience. Robert (1999) explains the techniques wh ich will be gained Irom experts 

with years of experience as: a detailed understanding of svst~m funrtinnality ; 2n intuitive 

behavior of system when certai n sub system(s) fail; a!ld an ullderstandi ng of the 

relationships between symptoms, fai led subsystem(s) and symptom interaction 

Accord ing to the definition of cognitioll 'sc ience (Robert , 1999) thinking is the processes 

that va ri ous how mental tasks of human are performed. Human thinking could be 

classi fied into intuiti ve thinking, logical thinking and creat ive thinking. 

When diagnosed failures, a domain expert begins with a intuiti ve thinking that is the 

chief manner of human cogniti ve process, then applies a logical thinking if the fa ult 

diagnosis based on intuitive thinking fail s, and may ask for help of creative thinking 

finally. 

Robert ( 1999) has class ified knowledge into shallow 'llld deep from diagnosti c point of 

view. Shallow knowledge includes I'asic system knowledge covering lirst order 

functi onality and intcrconnectivity. 
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This is a snap shot understanding of a certai n system where techni cians with some basic 

trai ning can easi Iy visual ize the funct ions ' of sys tem components. It is the description and 

operation of system components in block diagrams where the detail of each component 

and their intcrconnceti vit y is not we ll clelined. Morcover thi s knowledge is loca l to 

spec ilic pa rt of the overall system. 

Deep knowledge, a combination of system knowledge coveri ng higher order funct ionali ty 

and diagnostic expertise, is accumulated over time and with experience. It includes the 

details of components and their interconnecti vity within the system and other 3ystems. 

Deep knowledge is acq uired through experience by facing the va rious natures ofa system 

under normal operation and whenever a system fail s due to different reasons . 

Sometimes the actions taken to correct fa ilures might resolve the current problem. but 

another problem could be introduced if there is 1'0 basic. system knowledge comhincd 

with higher order funct ionality. 

Research has shown that when confronted with a problem a sys tem expert an2.l yses 

probiem in a di sciplined and structured.'.U1anner, rather than randomly trying poss ib le 

alternatives in the h0pe of finding a solution (Grigouri and Willey, 198'1). Hypotheses arc 

es tablished, based on sympton:s, which are then tested and linked to potent ial corrective 

ac tions. 

Other approaches are used when diagnosing a faull of aircraft un it. It is desirable to use a 

mi xed quantitative/quali tati ve method that may combine the advantages of both lypes of 

approach and may help to solve problems (Haiqiao. et aI., 2003). Either a purely 

quantitative or a strictly qualitative method may be difficult to solve on its OWI1 . A fau lt 

probability of component s. of' wh ich an aircraft unit :s compri sed. is generated by a se lf­

organ izing feature rnap (SOM). The Sel f-Organi zing fea tu:'e Map (SO M), has establ ished 

it s pos iti on as a widely applied too l in data analys is. The notable advantage of the SaM 

is in exploratory data ana lys is, which differs h om standa rd statist ical data ana lysis in that 

there are no presllmed sets of hypotheses that are va lidated in the analys is. Instead, the 

hypot lwses are generate.d from the data in data-dri vcn ~xplora tory phase and v21idated in 

Ihe cllnlirlll<1tory phase (l.aJrlpincn ancJ Kostiaincn, 2000). So the SaM can be used in thc 
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fault diagnosis for aircraft unit. It could preserve neighborhood relations in the input data. 

and rellect the probabi lity di stributi on olJnput data by it s output. aller it has bcen traincd. 

The training process of the SOM requires a lot of samples. But the fault sample of a 

spec ific aircraft unit is small , and the above requirement cannot be matched. According 

to the analysis of hi storical data of aircraft fault , the faulty components of an airli ne fleet 

were class ified into seven types, i.e. va lve, control unit , sensor, computer, mechanical 

cOll1ponent, structure and circuit element (Ha iqiao. et al.. 2(03). The qualitati ve 

poss ibilities that the components of a specific unit may cause a fai lure were estimated by 

a maintenance expert in natural language terms, e.g. "impossible", "improbable", 

" indeterminable", "possible" and "probable" (Haiqiao, et aI., 2003). In artificial 

intelligence, populdI' methods, whi ch handle the above qua litative possibilities expressed 

by language, include MYC IN-based certainty factors (CF), Bayesian probabi lity. the 

Dempster Shafer ll1ethod , and Zadeh's fuzzy logic (Haiqiao, et aI., 2003). 

It has been shown that Zadeh's fuzzy logic is the best way to resolve this kind of problem. 

The quali tative poss ibility expressed by natu ral language was defined as lingui sti c 

va riables on fu zzy logic. Each of these terms. for example " improbable" and 

"i mpossi ble", is ca ll ed a linguistic value of the variable, wi th va lues represent ing a fuzzy 

subset of the unit interva l [0, I] . 

2.8 Researches in the Area of Aircraft Maintenance in Ethiopian Airlines 

There are many poss ibilities for exploiting potential researches of aircraft maintenance in 

Eth iopian Airlines li ke tracing the cause of frequently fai ling aircraft parts, predicting the 

advice time for troubleshooting an aircraft system failure, improving the efficiency of 

maintenance processes and so on. However there is one research done by Hail eleol 

(2004) which focuses in class ifying the performance of g~s turbine engine by evaluMing 

its basic parameters. The research lI ses neural nel'work approach to class ify the 

perfo rmance of gas turbine engine by ana lyzing the basic engine parameters of EGT 

(Exhaust Gas Tcmpcra ture), N I & N2 Turbine Speeds and EPR (Engine Pressure Ratio) . 

Nevertheless, as to the best of my knowledge there is no research done for faeil: tating the 

fault isoiation and diagnosis of aircraft maintenance in Et hiopian Airlines. 
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CHAPTER THREE 

BUILDING A KNOWLEDGE BASE SYSTEM 

A knowledge base system contains domain-specific kw)wledge which is required to solve 

a certain problem. It is created by a knowledge engi neer, who conducts a seri es of 

interviews with experts and co llects relevant documents for organizing the knowledge in 

a form that can be directly used by the system. A knowledge base for knowledge based 

systems is constructed through a process of iterative development. After initial design 

and prototype impl ementati on, the system grows incrementa ll y both in depth and breadth. 

In thi s research , the following steps were used to come up with a knowledge based 

system for fault iso lat ion and detection in aircr:tft maintenance. The acquisition of 

domain-specific knowledge begun by collecting efficient maintenance activities from the 

maintenance resume book. Structured interviews with the domain experts are performed 

based 0'1 these maintenance records and relevant mail'tenance documents. Th~ next step 

lormalized the knowledge model in such· a· way that suits the knowledge representation 

techniques such as semant ic networks, production systems and frames. 

3.1 Knowledge Acq uisition 

3.1.1 Aircraft Maintenancc Practices in Ethiopian Airlincs 

The overa ll aircraft maintenance activity in Et hi opian Airlines is carried out based on the 

available reference manuals provided by aircraft manufacturers. These maintenance 

documents were available in hard copy occupying too much space and taking too much 

time in accessing the relevant section of the reference manuals. These reference manuals 

have been converted to electronic documents and available as PMA (POri able 

Maintenance Aid). 

The refe rence J11anuals wh ich includes the aircraft J11aintenance manual (AMM), 

illustrated parts catalog (I PC), fault isolation manual (FIM), structural repair manual 

(SRM), schematic diagrams and the wiring diagrams are available in the portable 

maintenance aid (PMA). 
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Whenever a rev ision to these references is required the pub li cation depart1l1ent 

responsible for these activities will release the revised edit ion via the network . When 

discrepancies or fai lure remarks of an aircraft system or part are observed, unscheduled 

maintenance will be undertaken. Some kind of failmes can be eas ily rectified within , hort 

period of the aircraft 's ground time. However there are failures that cannot be resolved in 

the ai rcraft ' s ground time which ca uses ~he aircraft to be delayed ior mde finite peri od of 

ti1l1e. Fau lt iso lation and diagnosis for aircraft maintenance in Ethiopian Airl incs is 

performed by experi enced ai rcraft tecli.I\icians in the hangar if it is under schedu led 

lIl aintenance or in the dispatch if it IS unscheduled maintenance. Effective 

troubleshooting of problems is undertaken by technic ians who have the experience and 

the requi red trainings on specific aircraft categories. All sched uled or unscheduled 

Illa intenance act ivities are recorded in the technical se rvices resume book fo r future 

reference and trace back the maintenance history of an aircra ft. 

The technical recurrent training department provides aircraft system courses which are 

spec ifica ll y prepared for each ai rcraft category such as B767, B757, B737-700, and 

Faker-50. Apart from the 24 months of bas ic tra ining In aircraft maintenance as requi red 

by the regulatory bodies these specific courses ?-nable Ihe technicians with adequate 

knowledge in visualizing and understanding the different aircraft systems operations and 

func tions. 

The knowledge acquired in these trainings along with exposure to vanous problems 

throughout some defi nite years. makes technicians capabl e in dea ling with new 

challenges that require ef"fec ti ve f"ault isolation and diagnosis. 

The Ethiopian Civil Aviation Authority prepares Rati:lg examinations to evaluate the 

performance and knowledge of technicians who have worked on all systems of a spec ific 

aircraft . Aircraft technicians rated in B767 for instance can sign on a cert.ificate that 

con firms the airworthiness of" the aircraft before it is released to fl y. The presence of FAA 

and CAA approved trai ning centers and maintenance base in the ai rline was pivotal in 

acqu iring basic knowledge from aircraft maintenance and its acti vities. The Ethionian 

Ai rlines is nowadays providing its maintenance service to l'lany Afri can, and Middlc IOast 
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airli nes apart from its own aircratls. However the Ai rline IS struggl ing In keeping the 
e~pe ri e n ced technicians in the compan y. 

Accordillg to the reports of Ato Ginna Waki~, the CEO of Ethi opian Airlines. to the 
Parl iament recentl y, "despite the successes in 'the market the ai rl ine is suffering in los ing 
significant number of experienced employees"~ After acquiring all the required training, 
experience and knowledge in aircraft maintenance, many technicians have res igned li'om 
the airline. Even though dilTelcll t thillgs could be men ti oned to r their reasons, the airl inc 
is scdTering with the loss of these sk illed technicians. 

3.1.2 Opportunities in Knowledge Acquisition 

After recognizing the potential problems posed in the fau lt iso lation and diagnosis of 
malfu nct ions in aircraft systems. the airli ne has estab li shed Fault Management Team 
(FMT) and Speciali zed Avionics Department. The FMT prepares troubleshoot ing kit 
(TK) when repetitive problems and remarks are reported. The team records fau lt remarks 
and their corresponding actions taken fo r preparIng relevant documents that helps in 
resolving ,he problem. 

The relevant documents obtained from aircraft maintenance manual , wiring diagrams, 
lilult isolation manuals and others wi ll be co llected and the problem is traced by logica ll y 
lol lowing through the documents. If the problem persists the concerned manufac turer will 
be consulted to r the presence of mudification, service bulletin compliance or other 
technical ass istance. Effecti ve and efficient fau lt isolation and di agnosis practi ces will be 
recorded for future reference. However these processes req ui re adeq uate time until the 
probl em is rectified once and lo r all. Unlortunately the aircrafts operated by Ethiovian 
Airlines don ' t have sufficient ground time under normal operation. The less experi enced 
technicians lack all the necessary skills for easily isolating and diagnos ing of aircraft 
system faults within short period of time. 

The other problems of the maintenance act ivity includes the difficu lty of properl y 
collect ing effective fau lt diagnostic practi ces ilLsuch a lVily that can be modeled to a 
central computer system which could have helped the app li cat ion of knolVledge based 
lillli t diagnostic system. MOITovcr. the present mGthods of ma intenance technicians lilult 
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diagnostic activities cannot be timed which results in 1~1ilin g to predict the appropriate 

advice time for informing the passengers and concerned departments before the 

maintenance work is completed. 

3.1.3 Knowledge Acq nisition Methods 

The knowledge acqui sition process starts with domain recognition, where potential and 

available knowledge are analyzed with respect to the goals of the system. It then 

conti nues with knowledge elicitation. where knowledge is gathered so that problems are 

di vided into sub-problems, basic ent ities, informati on items, aild so that the structura l 

relationships are identified. Knowledge acquisition ends wi th the creation of knowledge 

model, which is defined explicitly and inc;epenclently from the methods of subsequent life 

cycle phases. 

In this re~ica rch the primary sources of knowledge were obtained from the day to day 

maintenance activity rccords called "Resllme Book" ill accordancc with the way ski ll ed 

technicians rec ti fy chronic aircraft system problems. After thc records arc properly 

collected maintenance and fault iso lation manuals were consulted for interna: izi ng the 

functional relationsh ips of aircraft system components and guiding for potential interview 

qucstiops of airerati system failures. The next basic process was undertaking structured 

interview includ ing detai led di scuss ions with experienced technicians based on the 

erticient maintenance practi ces collected from the resume book. Direct and part icipant 

observations we re also involved in the knowledge acq ui si ti on process as the researcher has the 

knowledge of aircmft maintenance. Therefore the knowledge acquisition process is 

supplemented by using introspection technique, as a knowledge engineer can also serves 

ns a domai n expert. The personnel for the intervi~1Y were se lected based on t'le ir 

expcrience. skill and reputation who have worked in avionics departmcnt of parti cuhrl y 

comillun ication fi nd IFE systcms. The kind ofknolVlcdgc acq uired invo lves the cause and 

effect of 11 defective un it in a certain airci'aft system. When one of the factors that make 

the unit or system funct iona l is mi ssed or.:,distorted at some stage of the system process, a 

mall'u nction to thc spcc ilicd airc raft system occurs. -i' he ll,ai[unction of tile aircraft 

system is modeled in suc h a way that it is suitable to be represented in a knowledge base. 
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3.1.4 Knowledge Modelin g 

i3efore the knowledge based system is gl0 lt, the knowledge is identified and co llected in 

knowledge acquisition phase. A model of domain knowledge is constructed using facts 

from knowledge domain. inferential re lat ionships and the problem solving strategies. In 

thi s research work decision trees are used for the knowledge modeling process because of 

their cognitive nature that allows a human expel1 to easily comprehend the solution of a 

problem as shown in figures 3.1 to fi gure 3.3. 

Decision trees often playa major role in modeling process. The graphical representation 

of the scarch spacc of a problem is expressed as decision tree in the knowledge modcling 

process. A node in the tree represents a deci sion to be made when solvi ng the problem, 

and the branches growing out f1'01Tl the node depict the poss ible values of the decision. 
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3.2 Knowledge Represcntntiol1 

This is the second phase of the knowledge b:lsed svs tCIll lil 'c cycle in wh ich the 

knowledge model is formalized in such a way that .In appropriate l1l d hod of knowledge 

representation can be used. 

3.2.1 Kllow l l~dge Representation M.et~lOd 

In bui lding a knowledge base, several methods of knowledge representation can be used. 

However in this research work production rules are used for the representation of the 

acqui red knowledge. 

3.2.1. 1 Rulcs 

Thc knowledge rcpresentation tedm ique employed in thi s study, production rul es, arc 

relati ve ly easier way of knowledge representation in the development of a knowledge 

based system. The rule based system consists ofa sd oj' IF-THEN rules, a set of facts and 

an interpreter cont rol ling the appl icat ion of the rules. given the facts. 

The imerpreter could be either a forward chai ning or backward chaining system. The 

knowledge based sys tcm methodically tries to prove or disprove each poss ible so lu tion, 

gathering the needed information as it goes. In this research a backward chaining rule 

based knowledge representation system is employed as it fits to both the faul t iso lation 

(diagnostic) process and software too l (pro log) chosen to devel0p the prototype. The 

rules are represented in such a way that the consequence is stated before the cause of the 

problem. Sample rul es of the knowledge based system using prolog are presented below. 

"Then (i nterrupting TES now anc! then) 

If (IFE cooling duct is clogged) And (Overheating ofYCC)" 

For convenience the fol lowi ng sample rules are replcsented in an " If Then" form. 

If aircraji system power is 1Il1ovoilahle. 

Then TESIPSS systelJl is inoperative. 
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I f airerafi ,Iystem power is available, 

And ,here is no communication in the .\y",fem units. 

Then TESIPSS .Iystem is inoperative. 

I f PSS power is not available. 

And pO'Fer not available in display lin its. 

And DI'CU power display,I' h/ank. 

Then the aircrafi .Iystem power is IInavailable. 

If PSSITES power is available, 

lind power not amilable in display units. 

And DPCU po 11 'eI' di.lfJlays blank. 

Then the zonal CBs in Electrical and Electronic rack are pop aliI. 

If PSSITES power is ami/able, 

And ove,.head di.~jJ/ay Ifl7i l is inuperofive, 

And not disabled/i'om lI1onitor control, -

Then tapping lin it is defective. 

I r PSSITES i){)lI'er is a\'(lilable, 

lind overhead display is ok. 

And not disabled/i'om monitor conlrol, 

Then the syslem is ok. 

I r PS5/ TES power is available. 

And O1'erhead display IInil is inoperalil'e, 
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And disabled Fom the lIlonitor cOl1lm/. - ' 

And displays operational when monitor control is enabled, 

Then tapping unit is not defective, 

If PSSITES power is (lvailable, 

And overhead displays are inoperative, 

And there is no audio in PA and seats, 

And airshow inoperative. 

Then PESC A is inoperative or its receptacle :s Il!l!se, 

I f PSSITES power is availahle, 

And some a/the overhead display units eire inoperative, 

And lIlonitar controls display VDU only, 

Then proper ACS DB is not loaded. 

I f PSSITES power is available, 

And overhead display units are ok, 

And power not amilable in SDU, 

And DPCU power displays "FA ", 

Then Seat App li cation has lai led & requ ires API' sw, 10 be loaded man ual ly. 

I f PSSITES power is ovailahle, 

And overhead di;,play units are ok, 

Ane/ power is available in SDUs, 

And DPCU reudinglcall light service messed up, 
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Ill~1l PI'UI Jt.:I' .-1 l .,) lh/,"U/)U,\(! IS 110/ luaded 

II' PSSITES pOlller is available, 

. Ind overhead di.lplay IIni/s are ok, 

And power is available in SDUs, 

A lid DPeU reaLiing/col/ ligil/ senite messed III' 

And PATmoni/or con/ro/jime/ion displays each /1/11ni/or ON & OFFs/a/us, 

Then there is defective A VU 

I I' PSSITES pOlller is availahie, 

And overhead di.lplay IIni/s are ok, 

;Jnd IW1'JeJ' is available in SDUs, 

;/"d pic/llres no/ displayed on display IIni/s, 

And there is no problem in/I'I/)Ie decks and cassel/es. 

Then the VMOD is delec/ive. 

I I' PSS/TES l)()lI'l' r is {Ivuil{lhfe. 

And overhead display IIni/s are ok, 

And power is available in SDUI', 

And pic/llres no/ di.lplayed on display units, 

Ami/here is pl'Oblem in/riple decks and casselles, 

Then the VMOD is no/ d~lec/ive. 

I I' PSSITES pm vel' is lIl'ailabie, 
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And overhead cli.,play IIni/.I· are ok. 

And power is available in SDUs, 

And pic/lires di.lplayed on di.lpla}' IIni/s, 

And displays video only (DVO mode), 

And PAT is in degmded /I1ode. 

Then/he cOl11l11unica/ion between PAT lInd'CFS hasjeril"d. 

The techniques used in knowledge modeling and knowledge rep resentations has revealed 

a new and beller ways of co ll ect ing outstanding mainlcnancc pract ices and employing a 

con nect ivity knowledge through deve loping a knowledge based system using "if then" 

rulcs. The aircraft maintenance tasks recorded da il y in the resume book was l,sed fo r 

collecting effective and effic ient maintenance pract ices. These records of the resume 

book hp.ve been used fo r co llecti ng the domain knuwldge ins teR c:i 0f i,eing used onl y for 

ILilure relerence or the maintenance activ ities. 

The knowledge acq uis iti on, modeling and representat ion are performed in the 

cOlllmunication system of the aircraft system part icularl y in the cabin service system, 

tolal entertainment system, and airshow system of /3767-300ER aircrafts. The knowledge 

Illodeling and representation techniques can al so I,c w;ed It.lI" other aircraft systenls to 

prol'ide a i'ulllkclgcd knowledge based syslem lin lilLIit iso lalio l1 in aircraft ma intenance. 
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CHAPTER FOUl{ 

DESIGN AND DEVELOPMENT OF THE PROTOTYPE 

This sec tion involves design, testing and evaluation mcchanism of the knowledge based 

system with respect to the sampl e data given to 'h i~ sy~tem . T t, ,~ prototype des ign 

employs an inoperat ive aircraft system as a top goal in which the cause for the defect is 

iso lated through a dia log type user interface exprc." sed logically to potential users. The 

fau lt iso lation and recommended actions of the knowledge based system is tested and 

eval uated to ensure the va lidity of the system by comparing it with human experts. 

4, I Sys tem Design 

The design of the prototype involves user interface, knowledge hase, inference engine 

and the explanation faci lity as shown in fi gure 4.1. 

Knowlcdge Engineer 

.___-----+-------'K""B=S ________ __" 

lJ I e ] ,+--",'>ll
l 

£-'I)I,_;n"t_ion Fa_c.i~yl ___ ser nter,ac_e_ ,4. ~ 

Knowledge 
Acq LI isi tion/model i ng 

Knowledge Base 
-- ---] Knowledge 
representation _ Inference Engine 

~--------------~ '---------

~-------.----------------------------

Fi gure 4.1 Knowledge based system architecture 

The knowledge acqnis iti on and know;edge representations are carried out by the knowledge 

engineer. The use r responds to a series of dialogs in >L1ch " way th at there is a logica l fl ow of 

the aJ'iected ai rcraft system funct ion" lit)' that can be c' Jlr~ssccl in th e explanation facility. 
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4. 1.1 USC I' Interface Design 

In the user interface design, a single line dialog type usv r intcriilce is employed whi ch is 

suitab le for the potential users in troub leshooting. The !irst interface di splayed to the 

user to in teract with the system is the initiali zat ion or the pro log user ;nterface. The 

int roducti on user interface is di spl ayed with once 'he wo rd "start" is ent~red to the 

command prompt. Then the we lcome ' message and the menus in which a spec ific 

('unction are se lec ted di splayed as shown in the fi gure 4.2. 

I 
""File Edit Sttt i ng~ Run [lebug Help 

Vel come t o F"'td t 150 1a t Ion 

..----.-----

Techn i ques I II Airc r a f t If''' l n te l~a nce I :!i l n 9 Know l edge Bo!I.se System 

I 
I, 
'I 

Un Le "kbs 

Ul'lle "ho ", 

a nd press En t er to s t a l "t the Fau l t. I sol.!!.tiol! p r ocess 

a nd press En t er f or e xp l a nat i on o f how a nd w/: y pal"t of the f e- lilt ide nt if ica tio n . 

Uri le "he lp_ f it and pr ess Enter t o kno w mor e ",bout f a u l t I so l a t. Jon Techni ques . 

Wr1l.. e "he lp . a nd press En ter t o cO Ui e I nto ;u'o l o'JC"J he lp Wi ndow 

iJ n r. e "qui t a nd pr e ss En ter t o s t o p the tault i5016tiol l 

'1 IJr "te "ha l t lind pre5S Ente l' t o s t op t. he pro l og ~h8 1l 

i ) ~ ) ) 

i 
'I 
II l ---_m -

Figure 4.2 The introduction user interface 

The welcome message is di splayed as "Weicolile to Fault Isolation Techniques in 

Aircraft Maintenance" and the menu that invol ve actions to be taken are explained just 

befo re the prompt. Entering "kbs." to the prompt will start the fault isolation dialogs or 

recommended ac ti ons to be taken when a problem is already icientified as shown in the 

(igure 4.3 . 
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I j File Edit Settln 9~ RUri D ;b~9-- Help 

j Vel c Ollie t o F~u l t I so l atI o n TechnI q ues III AIre l -a f t lIal n tcnllnce US" I . ,q Knov l e dqe Sase 5ys t elll . 

I 
Wr Ite "kb s o!I nd preS5 En ter to s t,;!I l"" t t. he F"-'! IIJ t. I ~ol "" l on rrOCf") !:, . ., 

Ihl t e " how a nd press En ter f Qr e xp lana tI o n o f hov ·<I,d wh y !)dIrl o f the ( au l t Ide n tIf I catIon . 

Urite " h e l p_fIt - a n d press Ente r t o kno w Ilore o!I bo u t Fo!I ull I so l <!!. t i o n Techn i ques . 

IJrl t e "he l p a nd p ress Ente r 1", cOJ:'le i n to pl-ll l nq h. · I I ' ''' I f ,r.]O I.' 

WrIt e " QU I t a nd press En ter t o s t o p the I o, tll t I sol ,-' I.}. ol1. 

Url t e " ha l t o!I nd p r ess En ter to s t o p t h e p ro Jo<] s he ll 

~ ) ) ) kbs 
!la ve you a l read'} I den t lf l ed t lo to' l'rob l "Il ~ 

! (J l'lt e " yes" If the fInd I ng I S a l !-""ead y ~·. n U\J n 0 1' "_ I ', y o:: h . )' l'dC l ,~ l" · 

I If th e p rob l e m r eqUIre s ~ d l.!l I 03 l he n ~ lId I I I'!" :"" , "ent ,,,)' o k t I "--t he_p roblem 'de n l> hed' 

L .. __ .. _____________ . _____________ - ________________ _ 

F-igure 4.3 The dialog command fo r respondin g to identi fi ed or unidentified problems 

4.1.2 The Knowledge Base Design 

The design of the knowledge base is performed by colk cting lilult isolation and diagnosis 

rules which are logically organi zed from a top level problem of inoperative ai rcraft 

system ,0 a boltom level possible ca uses of the prob l e l~; _ The poss j b! ~ ~au ses fur a certain 

problem to happen are co llected as facts and these facts along with their consequences 

provide "if- then" rules in the knowledge base. 

4.1.3 Thc Infercnce Engine 

The inference engine cmployed in the Knowledge based system is a backward chaining 

inference whi ch is suitable for the prolog programmi ng langua ge_ A top leve l goal is 

ac hi eved after the low level and medium level goals arc obtained. The following sample 

rule indicates the way in which backward chaining inference derives conclusion from the 

middle level goa ls and given fac ts. 
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fi nding( system_is _ inoperati ve);- (Top level goal) 

[j nd i ng( system_is _ i noperati ve);-

faulUnvol ve(system yower _ UllaVa i lable); -nl,nl, ....... . (Midd le level g(\al) 

..mili 0 lSt' 'e ser'l e~ t, \f·l.1i1liliifiim!ff~],iil .. ............... (Fac t) 

(Fact) 

The first task of the inference engine performs confirmation for the truth of the facts. 

Then the in fe rence tracks back to the middle level gOill if all the facts are fulfilled as 

affirmative. The middle level goal, system power unavailable, then will be the 

pre<.:and ition fo r the top leve l goa l of "system inoperative". The backward chain ing 

inference of the full knowledge based system uses the same procedures as discussed 

above. 

4.2 Knowledge Based System User Interfaces 

If the cause of the fault is already identified and no further troubleshooti ng is req uired, 

the user can enter the cause of the probl<:n_1, to get the recommended actions. Responding 

to the system for the dialog "is the problem identified?" as "yes" allows goi ng to a dialog 

as showil in the ligure 4.4. 
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---------- - ---l 
, ! 

j ! Flit E.dlt St"tting5 Run Debug Hdp 

r 

I 
I 

i 

I 
I 

Wei cOile to Fllult Is olatlon Technl ·:tues IlL AlrCl'<!Itt Il tl ln te.'l l lilce " ~ ng Kno\lJedge Base Syste~ 

Yn te "kbs " nd press Enter to sta rt the F"'td l. I s-:d .~, ' ·-, n !,I OC!!: !?!> 

1,.1 1' 1 te "hov dnd pre:;;; Enter f o r espJanatlon of ho .. ' ,~n,j "I"ov 1.,:, ,1 of the fb'.llt ldent lfl':: !'Itlon 

Write "help_ht .. and press Ent.er t.o kilo", more about F.'IIII I. 1!.,oJatlon Techniques 

Wrile "help . and press Enter tc. come Into prol og help \I lndow 

Write "quit . and press Enter to stop the f",ult isolati o n . 

Urite "halt . and press Entor t o s t op the prolog ~I)e .ll. 

»}) kbs 
Have you already Identl f ied the probtf3l1? 

Urlte "yes· If the flndlllg I!. already known o r ".eo I,V ch~t"ac ter -

ii the probleM requires a di<!llog then ' • and pr'!'s~ "·_" n t er M 

o~"" 1 

yes 

If the finding l.nvolves 

=====-1 
Figure 4.4 A dialog fo r already identi fi ed causes or I1roblvll1s_ 

The user is req uired to enter the findin g i ~entifi ed to rCSI'(lncllur the dialog '- Ir the finding 

involves:" The system then provides the fault iso lation appl'<)itches and recommendeci 

~ct i ons to be taken to rectify the probleril 1is shown in figure '1.5. 
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Fil~ Ed it S~ttm9s P,U l Debug Hdp 
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} > > } kbs 
Halle you already .1den t.lfl.ed 

If t.he flndln"" 1nvo lves 

Fatllt bolation 
The communica. tio n between PAT e nd CFS has fai l ed due to 
de fective CFS , PAT or the ethernet connection o f PhT/CFS and terMi nator Ma y be de fect.lve 

RecoMmended hct.10n 
Properly connec t the et. hernet. c".bles from PhT to CFS ..,nd c.heck Ihe lr t " rllll na tor I Replac~ the CFS 1£ t.here 1 S s hort g r ound tIme 
Load OPS to both CFS and PAT 1f the r e 1S s lI fflC1ent 'Jl'ounJ tlllle 

, ) f the tI !).din9_ l n llq)ves. 

Fig 4.5 A dialog thar responds to a predefined finding. 

If the re IS a remark or a dai ly finding the lI s ~r enters "no" to the prompt of " is the 

problem ident i fiecl ~" to go through the dia log. The e() lTIpulcrizccl passenger address & 

service sys teill. cO lll pute ri zed pas~;e n ger en tertn il1l1 lclII ,,),' 1"111 and the airshow syste lll of 

the l1 ewly purchased 13767-300 aircrn ft s operated h:' II ,e I ':1 I ti e'piall t. irl ines in particular 

have bee ll used for prototype deve lop l11 ent. Figure ,1. 6 s!tows II message that tell s the user 

011 which part of the aircraft system can this prototype b~ npplicci . 
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r fIll! Edit- Sl!ttings Run Dl!bug Help 

Wr I t.!!!' "ho ... " i!\nd press Ent. e r for expl ~ n~t. l on of h(;"o'"I (lnd "'.v IM r t o f the f ~ult IdentIficatIon 

l.h·Itl!' "he lp_f it. ~ nd pre.!;s Enler t o kno ... More .,hr",' F~",II 1 ·:(·!~ llon TechnIques 

"'rIte "QUIt and pr!!!'!;!; Enter to s t ep t he f.e.tll t I .!;o llltl(".r 

WrI t.e " halt. .e.nd press Enter t.o stop the pr olo) - 11,-- 11 

»» kbs 
Have you already identIfied the p r oLI'!l' J ~~ 

Write "yes" if the finding i s ai r e;)dy know Jl (II "any c hf.H·nc t e r * 

,1 15_t he_ p r v b leM , l dentlfled? 

; Iden tIfy f or the presence of a n y r eM<) I .... o r d ~ 5c r~I'· 'r l ' 

no 

" Eva lua.te t he r ema rk a nd per f orM correc t ive actI on 

Does the re.ark invo lve one or ""are o f t he £011 0 ... ,1l'.1 ,\ ' ( (" ''''''' 'Jl' l. " l 1011 Sys t em? 

Pa ssenger Address sys te rn , A i1'show Syste ld, 

To tal Enter t a il1J~e nt Sys t e ln , Pa ssengel' Serv ice Sys tem 

Ihlte only "yes" i£ there 1S a related reMark or ' any c h.ar ... .- t." r " 

It t here is no l'eMal'k then" " ~nd press "entel' " ok' 

Is_th~_re_any_reJ\aork lncl _udlng_t;l~ly_f.l"d ln,9.:_' _ 1_ 

Figure 4,6 remark identitication dia logs 

The knowledge based system already has facts und rule:; in its knowledge base. The user 

observes carefu ll y for each dialog so as to respond nc('(mlingl y, When the system gets 

fu ll informati on about the cause of' a certain prohlcnl. it will provide the fault isolated and 

the recommended act ions to be taken to rectify the problem liS ~Ihown in figure 4,7, 

The user communicates with the system by rc:;polld illg tu the logically organ;zed 

questions and finally reaches i S lJlatiol~ to the Jl,, ~;s ild c eause of the fault and its 

recommended actions which needs to be t"aken to resol Ve" the 11I 'ob lel1l, As shown in figure 

4"7 after the fault iso lation and reeonll1,"ended action s ill".' suggested the cause of the 

problem is also stated as "The tinding is: ife cool ing duct clogged", 
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I File E{lo t Settings Run Debug Help 
1

'·· ----- ....... ---.-.---.-.---.--.----... ---.. --------- . .. - ----------------._--"'---, 

does_the __ f au lt l n volve f _drlVe_\IIHlv3I .l ahlu) no 

I 
, I 
I The 
. The 

'
I 

F,!Iult 15:o L'Itlon 
Inlet fdtel'$ fC\Uld 11l t he Vi cInlLy 0 1 the h eo!'ld '~ l<oI ' ''.It s OJ, ';I ' I I Jf!!d \I Jth dirt 
IFE coo lIng f a n \,111'e h,eshed filt e J I.Ihl Ch i <:> f m ll,.j )I, t.l ,,~ liE '_'. 111"1' 1 dOl·:: l )5- .:::iogged ~l th Jl rt 

RecorlHne llde-d f,.: t Ian ! F:emc\!!.! t he Inlet f l ll. E' r s a rid c lean I t \\ ;, \1"1 '1 !...he 1I , 'C lIll " •. 1. , '1,· 
, Get acce~s tel the cool i ng duc L r e l,10v.e a(Id ~ 1'·,-' 11 I; the I.'lre meshe d flit e.r \lhlCh IS found lnfront of t he [FE '-OOill" l 

I: 
II 
I 

Wri t e "kbs and press En le r to star t t he Fa u ll 

Wr i te "ho .... and press En t er f o r eKp l <'!lna t ion o f haw li nd III, ,! pal' l elf t h ~ : f ault iden tif ica t ion . 

I"Iri t e " he l p_ f it" tl nd pre:os:os Enter to know mo r e o!I i )() ll t FlI u l! l l!;o l '.lt i o n Tel ch n iquo:os . , 
Wr.> t e "help and p l -ess Enter to come 1n to prolo9 het p \/ , 'j,le\/ . 

Wri te " qUI t .'I nd press Enter to s t o p th e £<'luJt I sol" t lon 

Wn te "halt and press Enter to stop the prolog s hel l 

I 

i 
I, . il 

====..JJ 
i 
; ))» • L __ ~._. ___ . __ . _______ .• _ .. __ ..• __ .. ___ • ______ . __ • ___ .•.... _ .. ... 

Fig 4.7 Dialog between the use r and the sys telll on 1:11111 isohtion and recommended 

ac tions for inlet li lters and IFE fan filt ers clogged wilh dirt. 

The use r can also see how the knowledge based S\ ' ,; I CII1 I"" r(,:lc hcd to this conclusion by 

en teri ng "how" to the prompt. l'igu re 4,8 sho w,; hoI\' ii ".' IUI'JlVk cl ge b"sed system is 

reaching to the fault isolation and recommended BeLi ow; WIIt '11 PAT is degraded due to 

clogged wire meshed ti lter with di rt in the [FE cuuli llg ~ :l I L li () n duct. 
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II 
File Edit Se!1;;;~;~-Run - DebugH;;;-----------·--

does _ the_ f "\I ll 1 11"01 ve degr<!ldedPA1_ due_ to _oover- ~n t el J up! lOt, . 

I does_ the_ f .... \l1 t_lnvoIve t _drlve_UIl" V.!I1 Il'lhl 'cJ"' no 
"" 

does_tl-.e ~ "u lt 1n..,0lve Into?rruptln~-I _ l o! nn v_."nd __ th~II ·1 " (l ~ 

F"tdt Iso l at ion 
The Inlet fi l ters f o und In the VIC lnlt y 0 1 the bead ('nd tl UII " ;111:: '. I " Jged vJ.t!:. dIrt 
The I FE cCX) ling f"n wire Meshed flit".!' "'hlch I S f o utl.1 ' " I I,~, IrE ,j ., linq duc t i e; c l ogged \11th d irt 

Recorn",e ndt.~ Ac t 1011 
ReMove the inLet filters and c l ea n I t 11 -l1 t1g the It !l.CI IIII' 11 "'1,' I 

Ge l <!Icceo;s t o the cooling dUCI r e~ove' a l\d, I/ · ~ I ' 
the Wlre r~eshed !llte l" "'hIch ~s f Oll nd IlllrOIl~ o f til" JI'I ..... )1 1 ' 1 OJ, 'lOll I ~n 

Th~ flndIllg I S ll e:-_cool lng_duct_cl ... -...;ge-ri 

linte "ho 'ol 

<!Ind press En ter t o k nOll !lore bbo u! FHll! I v I .~ j 1l1n l ~hlllques . 

1,11'1 te "he lp a ... d press Ellte r '" cO~le into prol r. KJ linl f' ~. J 1.eh ;u 

l.,l1'l t e "QUI t "nd press Enter to ~ t op the f l'IU It l:: o hltlon 

IJrlte " h~1 t dnd press Ente r to s t op the pro I OSI tl lutl I 

) ) ~) hoo 

.! !Je ll 1 T:. ~Il$ ... ~r thi s Question fir st 'Iou h~ve to t.ry · "b·: "')P l ,." I! 
I ()bse-rv(:' the dl~l,~ before l-he fI nding 1;; Idelltlf led 

1~'r- I_ l ~l(1 1 n~~_~ 5 1 ~ l ed~"bov~_J __ 

Figure 4.8 Explanat ion on the how part of the di :i1 o!!-

The other funct ional ity of the menll is "help lit " ",'111.,[1 explain :; abo ut the benefit of 

d fi cicnt fault iso lation technique lI sing the Klllllvkd l'l! b;i';l!d S) stem as illustrat rd in 

li gure 4.9. 
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-- --------- -I 

Un 1e 'kbs lind PI' .,,,,, Enler to Sl~n lim F" " J 1. 156 1" , , 0:.01 , I" 

U,"l l .. - ho,," .. nd pr", ,,,, Enter i or e l< pl<!\I1-" ' , on 0 1 ho'l .. nd .. lo" ~." , ;,1 I I I ,,, ,,, " I-.",l,t,r;, tl oll 

IIr)! .. ' help~ flt • lind pre s.!; Ent e l' to kno w aOI ' f!,aobclllt Faull I ~ , I . ' II , ,, I ,1' ''' ' 1'''''' 

Url!e " help .. nd press Enter t o CO" .. Int o pro i09.. h~. t P "'10.1" .. 

IIl'lle "quIt a nd press Enl e r to stop t he j "ul1 l sol"tl o n 

Unt .. " h ... 11 ", nd press Ent e ," t o S LOp the prolog s he ll 

I » " help_fIt 

I 
I 

, 
I' 

II 
i 
! 

I 
t" 

.\' r'~l~ l t S y ~te. F" , I\l l'e~ ., r e p r ob le"" t h,, ! "l l ec t t he ell, e l en' ' :o r,,· ·.'tl~'" 
" I lh r"sp<!cl \0 th'" ell s '''",,, r ,, e x poe..: t .. l1 o n 
['l!I"ys c.!o use d by teelUl' c ... l ( .. ,i 'lI' e .. fl eet!!; t h e r eplIt", llon of t h') .' LrJ " , ~ 
T=hnlc., l dlsc r e p""cles ell n '!!., s.ly be fIx ed ewe n "'lhout the pH'.''''''';'' 01 

IIn t e " kbs .!I nd pr<'!ss Ent e r t o St40rt the r<'lUll. Isol <'l tion Iln :.<" f'! ~ 

" II "" , 

1.1 ' " '1 '" - ho,", .. nd pI'""s Ente ,' f or e Kp l ",,,,,,\lO" 01 hOll ",,,d .. h\, I"""t o f 110 · ' I /lul t l dent.l f l ~tloll 

\l r.l e " he l p_fIt <'Ind pn:,.5 Enter t o knOll _(I r e ... bout F<'I .. ll I ~ ,,J,, I 1(. t', 1 . :I." J 'I "'" 

IIrit .. " he lp d nd press Enler to cOile int o pro log help v,nd • • " 

Urll", "QUIt a nd p r ess Enter to stop the· r Ollll Isol<'lll~' n 

~rll ~ " l><'Iit and press Ent e r to SlOP the p, a ic'9 shell 

Figure 4,9 A di splay that shows t11 '~ help_tit I-UIiClilill 

The "help" menu is used to get full doc-uillents ClI IICeJll ill['. 1111" knowledge based system 

so ft ware tool ca lled SWI prolog, 

The "q uit" menu stops the f~lldt iso lation process iJlld Iii" -'ha ll" menu exits from the 

prolog program in whi ch it can se rve as a close 0Pli on tll llie kl lowkdge based system _ 

4,3 Testing and Evaluation 

A data set is prepared in the prototype developmcnt basl~d 0 11 Ihe records of maintenance 

resume book from March 1/200810 June 30/20 09, The Iii I(' yew mid three months of the 

resume book contains above 130GO records whi ch nre eillc rl.:d every day in each working 

shift. The resume book is prepared to be recorded ill an I'xeel rile and has main attributes 

ordute, shift , ld number of the technician, aircl'nli Icgisll"l li oll nUlliber, log book remarks 

and the correct ive acti ons performed as illustrn lt.' d ill ligll l " "-II_', 
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AIRCRAFT MAINTE NANCE HESlJMI. IlOOle ; III 11,,1 lvilli lCH 2008 TO ,JUNE :'009 

11~"'C8 

o 110 ;.;C '~"""". 
I I 
13' ',LP I.'OST OfECO IIOI.' SEATS! 

~' 
I. 

I " 

12/912008 ill ._- !J~t' 
. T IIITER TO lEST 1.1 0p~ . I !:ABlEs 

,~ 
ITR " IIOP } i"" '1£AD , 

!: ' '!; 

Figure 4.10 Sample of the aircraft muintenance r';!HIIII!: /:tonk 

The prototype of the knowledge based systcm lil lll,e rCII,;uIJlIJg by Llsing the basic tacts 

and/or middle level solutions as preconditions III l ' Olll <.! III' wllh the linal solution of 

previously occurred problems. Howcver SOIm, nil .... rllf'i Sysicill problems may require 

additional or other facts and conditions to fix their problt:'TI H. '1 herefore it is the limitation 

of the prototype as it involves only the basic' facts . 

The knowledge base system design has' included provl dllw. recolJ1mended actions for 

already isolated ancl identified aircraft system fault!1 wltllOllt going ~hrough a dialog with 

the user. The testing and evaluation of the prototY)lI: Iii earricd out by providing 

outstand ing and frequently occurring aircraft system problcllIs to the human experts of 

experienced aircraft technicians. 

A data set of 150 aircraft systclm problems willi llllls llli lciing remarks, frequently 

occurring defects, remarks that require unit replnccJllcllb [l ilt! .q tuycd for a long period of 

time are selected from the resume book records. ;\ I,dnl ()1' :'i 0 questions that can represent 

major remarks of the resume book arc prepared I'll I' Ic:; lill l( tl,,~ lICClIrtlcy orthe knowledge 

based system as indicated in table 4. I. The qlll;'l tilillS me l/l vided into power related, 

commun icati on fa ilures and problelll s. that requ ile lIlI ll rep lacelllent to simplify the 

evaluation process. 
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The number of questions on each type of aircraft system problems is decided based on 

the proportion of the solutions provided for the problems encountered. The validity of the 

prototype is checked by comparing the problem solving approach of the knowledge based 

system with experienced technicians having good avionics skiil. The result of the 

comparison shows that the designed knowledge based system has a very close fault 

isolation and problem solving approach to the experts in the aircraft maintenance. The 

comparison has revealed 86% accuracy in solving major problems that have been 

.' organized from previous resume book records as indicatl'd in table 4.1. The sample fault 

isolation methods are attached in the appendix I. One major problem of the prototype is it 

doesn ' t give possible solutions for those problems which are out of the rule. 

Moreover most of outstanding aircraft system problems are solved by consulting the 

available maintenance documents and team works. Therefore there was a problem in 

comparing the results of these e?,perts and the knowledge based system as solutions 

suggested by the experts for each question were not exactly accurate. So the integration 

of cases to the knowledge base is required. 

Types of aircraft system Total number of Number of same The accuracy of the 

problems problems selected for solutions by the KBS and KBS in% 

testing human experts .. 

--
Power related problems 10 8 80 

Communication failures 15 13 87 

Unit/equipment failure 25 22 88 

Total 50 43 86 

Table 4.1 Testmg the accuracy of the knowledge based system 

The finding of the study indicates that the fault isolation system in aircraft maintenance 

can be effectively facilitated by using knowledge based system to retain the tacit 

knowledge obtained from individuals and team works with respect to the . available 

documents. 
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The testing phase of this study has also revea led that e ffici ent maintenance practices are 

achieved through team work and di scussions about the problem of the aircraft system 

among technicians. 

T he knowledge representation of the prototype with rule based techniques requ ires to 

ex hausti ve input of fact s and relationship of facts. However the relation between 

symptom and source of failure of a certain aircraft system is indefinite. Therefore the 

appli cat ion of the knowledge based system demands partial similarity matching 

techniques and the integration of learning tools li ke neural network to create a general 

pa ttern for match ing with new aircrafi system failures . 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

The pre~ence of stiff competition in the aviation industry provides both challenges and 
opportunities for airline operators. The challenges involve the avai lability of many airline 
operators that compete in providing better service for the passengers and cargo services. 
The delay of scheduled flights dissatisfies customers at large and causes other airlines to 
exploit the situation in their favor. Most of the delays caused by technical failures should 
be minimized as long as the airline is committed to satisfy the customers. The other 
challenge Ethiopian Airlines still faci ng is the loss of ski ll ed man power in the major 
airline operations. The research has revealed that significant amount of experienced 
aircraft technicians have resigned from the airline and join to rival airlines. It is very 
difficult to cope up with these challenges as long as customer satisfaction is concerned. 

Despite some of the challenges mentioned above the airline needs to exploit the 
opportunities of the situation by merging and having a code sharing agreement with 
world class airlines, introduction of information technology products and taking 
considerable amount of market share. The introduction of latest information technology 
products supports airline activities with respect to the competition of the aviation industry 
and customer satisfaction. 

Aircraft maintenance takes center stage on both the challenges and opportunities of the 
aviation industry. It plays an important role in providing an airworthy aircraft that meets 
flight schedules on time. This airworthiness can only be achieved by having efficient and 
skilled aircraft technicians. 

In thi s research the applicability of knowledge based system is proved as a useful 
approach for faci li tating the fault isolation and detection technique for technicians in 
ai rcraft maintenance. The airline has long been dependant on training aircraft technicians 
in its training school for filling the void left by skilled technicians. 
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Apatt from training it is believed that this research will initiate the airline to use more 

advanced knowledge based systems to facilitate aircraft maintenance activities especially 

in fa ult isolation approaches of aircraft system failures. Fault isolation and detection in 

aircraft maintenance using knowledge based system helps to minimize the delay of 

scheduled flights due to technical failures. 

Different maintenance personnel have the affinity of specialty in some ski lls of aircraft 

systems. The fault isolations of chronic aircraft system problems require 

mUltidisciplinary knowledge of technicians. The presence of teamwork in diagnosing 

aircraft system problems has a significant advantage in filling the gaps created by 

technicians with different ski lls. However the lack of proper and exact way of recording 

the maintenance activities that affects the knowledge acquisition process was the other 

problem observed in this study. The knowledge based system development faced the 

problems stated above in obtaining a fully complete knowledge from single individuals 

and properly retained maintenance records suitabie for further analysis of the records. 

The fault isolation and diagnosis nature of the study allows employing a backward 

chaining inference of the rule based system. The rule based knowledge representation 

technique is structured after the modeling of the domain knowledge is carried out using 

decision trees. The accuracy of the knowledge based system developed using the 

techniques are 86%. 

To come up with a practical knowledge based system, cooperation of the technicians' 

explanation on how the problem of a certain aircraft system is solved and proper 

recording of outstanding maintenance activities in the resume book should be practiced in 

a better and advanced way. Moreover the system needs to update its knowledge base 

when new facts are introduced, besides creating generalized patterns for identifying 

aircraft system faults . 
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5.2 Recommendations 

Based on the findings of this rescarch. the fo ll owing recommendat ions are suggested for 

furth er work to improve the functi ona lity of the prototype and deve lop a full-fledged 'i!Lil t 

isolation system in aircra ft maintenance . 

• :. To come lip with a practi cal system, the knowledge based system should be 

expanded to incl ude more knowledge by a thorough extraction of the facts, 

procedures and rules fo r fa ult isolation in aircraft ma intenance. Therefore 

participating large number of sk illed ai rcraft technicians at di ffe rent 

departments and consulting the various documents and manua ls is required to 

develop a l'til l-tledged knowl edge based svstem . 

• :. The prototype developed in thi s research has used a rul e based knowledge 

representati on techn ique to reason out the solution of a certain prob lem. 

However other resea rchers need to integrate the use of learn ing too ls like 

neural networks as a potential problem solving technique in ai rcraft 

maintenance activ ities . 

• ;. The knowledge based svstem does not hold all the necessary ru les and is not 

se lf lea rn ing at thi s stage. But. attempt should be given fo r furt he r work to 

develop self learn ing system that can match a ease even though there is no 

exact rule in the knowledge base . 

• ;. The airl ine is expected to suppo rt the study by allocating budget, providing 

traini ng and encouraging ex perts Jll cooperating with the system and 
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improving the record ing of maintenance activ ities 111 such a way that it IS 

suitabl e for adopting knowl edge bascd system deve lopmcn t. 

.:. In Ihi s research. attempt has been made to assess the applieabilit\· of 

knowledge based system in facilitating the tau lt iso lati on techniques in areas 

of the specitic aircraft communication systems that includes passenger address 

system. airshow system, computerized tota l entertainment and passenger 

service system. 

Besides passenger entertainment and service system, it is open for interested 

researchers to consider also other aircraft systems like electrical power 

sys tem. pressurizat ion and ai r conditioning system. fl ight control system, 

hydraulic ancl pneumatic system, landing gear system. 
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1;lult isol ati(HI(p;H cr .... COJlllllllllic;lli()n):-IlI .IlI. 

\'aild' h .wlt Isol ati olJ ').111. 

wrilc(,Thc COll1rtllJJlie~ l lion 11l:twccll PAT and C FS has f;,il eu due lo'),nl. 

\-\Ti ld 'dcrectivc (TS. P.Y I or illl; L,t lH.::rncl COJlIH;ctiol1 of P/\T/C FS ;Iml Il..: nnill(ltor Illay 

he defec ti VC'). 

S omc of th e f{ ec olIIlIll:lldcu Acl ioll S ta te lllcllt") 

reco mlllended _ ac t i on (s ystelll-,10\Ver): - n I.n!, 

wri tc(, RccommcJ1(kd Action ').lll. 

IVrite('Conlirl11 Ihe presence 01' pop Oul e ll and ').nl. 

\\'ri\(; ('rvl ~ l ke slIre the ck'ctrical power cont rol panel is !lO I in terchanged \\·jll1 other 

"i rcr" fi s, '), nl. 

wrilc(,assure Ihc AOl3 power and lllaSler IFE swilch 10 on posilion'). 

reeO Ill mended _.act ion (pal_c is _ co m III lin i cal i on): -n l.nl. 

\-\ rilc(' Recommend ed AC lion '),nl. 

wril eCProperl y conneCI Ihe ethernet cables from PAT to CPS and check lileir 
term i nator'), nl , 

writeCReplace the CFS if there is short ground ti me').n l, 

write(,Load OPS 10 bO lh CFS and PAT if there is sliflic ien t ground time') 

recommended _ aC I i on( reboo t _ onProcess): -nl ,nl , 

IVriteCRecommendcd Action '),n l, 

IVriteCThe PAT and CFS are resetting and wa it until successfully rebooted,'), nl. 

IVril c(, l : tlic pl'(lblcm pcrsists recycle Ihc Illas ter power'j. 

recoillmended _ ac ti on(adb _power):-nl.nl, 

writeC Recommended Acti on ') ,nl , 

writ eCSwitch on the AD8 power and obscrve the condit ion orthe DPCU').n l,nl. 
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dc of ()uc ..... t ioll . .., for I n tc r'vi .. .' ", 

"I){J ·r owl Lllicrtaitltllclli alld Sen icc SY;-' (C Ill 

n Systeltl Power 

If there is 11 0 POWCJ" to the l iT, s),s te ll l tllil t illd udes [Iw <l isp l"" ull i[s all d DI' ('Us , 
V./ Il al could he tilL' prubahle 1 ~lUlls. provided th at therc is a in.:ra l"t :-;ys tclll power. 
1\/) 13 alld Masll:r ~\Vitc h cs ; 11"\; ill "ON" posi ti on? 

The passenger scn·icc (.Inti cillerw ill llleni ~ys t cll1 interru pts now (Illti lil L' ll . T hL' 
vee arca tempcrature indicator rises 10 show th ai there is overheat (I ll d PAT is i ll 
<legradcd lTlode , \\'h,,[ killd "fac[ions cou ld you take to solve this p roblem? 

,lI1 iCCl l ion System Ql·lc stiullS 

W hat could be the prohahle cause lor a IJI'CLJ that di sp lays " COM 1''' 
CUllll11 UnicHt ion LI·ilu rL' and its rt.'l:OIllIllCllded pr~l c ti cL' S frolll your L':\pcricllcL'·.' 

" AT degrncl ed and the IF E system is in DVO ll1ode. The ne t'.\'ork driw is 
,lIl ava i labl e , What co ul d be the p ro bab le ca use a nd correct ive acti ons for th is 
Jro b le m from your ex pe ri e nce? 

A/bal is the probable cause an d its corrective acti ons i f the audio is becomi ng noisy a long 
le sea t groups? 

Juppose the readin g and ca ll l ights of econom), class seats are messed up. \\'h21 arc the 
~ss ible ca uses and corrective acti ons for this problem? 

f he IFE d atabase " 'hich is upda ted every mo nth is unab le to be updat ed on th e sea t 
)pl ications. T he fau lt invo lves th at th e video announcem ent is di sa bl ed, Suggest the 
·oba ble ca use and correc ti ve act ions from you r experience, 

:Iwt requi re Uni t Replclcemcll t 

lere is no aud io in the sca t cJ1I crtcl il1ll1ent systems tlnd video annOUllcement , the (! i r~ IJO\ , 
~il so inoperati ve. Suggest the probab le ca li se 3Ild correcti ve actions from yo ur 
;JCn ellCC. 

ring OI'S loadin g to the com o f IFE system compone nts ( PAT and C FS), the so li",a rc 
lIla bl e to be IOil ded fli lly a nd the re i1 re pop o ut erro r meSSil;!eS, W ha t co uld be the 
'scs and correcti ve ac tiull s".' 

lPCU d isp lays "FA" "'Id tile d isplay units a rc blank, W hat arc th e Cilll ses and 
·'ecli ve ac tions ori lle lail urc? 

I 
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