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一、目的
過去飛航事故生還因素調查，重點著重主題包括客艙應變、航空器耐撞特性、機場內外消救應變及傷勢病理分析等。其中航空器耐撞特性係指由撞擊力量經由外部穿過機身，由貨艙與機翼的結構吸收部份能量，再經由客艙結構及座椅支柱耗損，並傳遞殘餘能量至乘客安全帶，終致人體傷亡。對於飛航事故調查人員而言，如何提供彙總性資料之電腦分析系統，並整合飛航事故乘員傷害資料與客艙殘骸之重建，提供圖形化多維的介面，快速與正確的釐清飛航事故發生的原因，是目前飛航事故調查能量建立的首要工作之一。此外在飛航生還因素調查中，客艙內各項乘員保護設備；例如逃生指導卡、安全帶、逃生門、逃生滑梯等之使用情形。客艙內損害情形與機內各部件；例如地板、天花板、座椅、廚房損壞特徵，並與人員受傷部位與乘坐位置等交叉比對，可用於分析乘員傷亡與事故之關聯性，以及了解逃生及搜救過程是否有可改善之處。因此，在飛航事故發生後，客艙內各項設備損壞情形應該能夠快速的收集與呈現、以利後續之事故調查分析。提出安全的交通設備並降低乘員的傷亡，對於任何運輸設備而言都是最重要的工作。在設計任何飛航系統或裝備時，必須要有一種安全的觀念，使操作者不易產生操作上的錯誤，是進行設計上重要的方針。
飛安會委託清雲科技大學助理教授邱南星之研究團隊共同執行科發計畫「強化我國飛航事故調查能量及建置亞洲地區飛航安全網計畫」NSC-98-3114-Y-707-001之子計畫6「提升客艙乘員生還因素」，由於目前飛航事故生還因素調查相關資料尚未完全整合電腦化，需調集人力同時工作，極耗費人力、時間及經濟成本。如何整合乘員傷害資料與客艙殘骸資料來進行重建，利用電腦化圖形介面快速呈現給調查分析人員參考，是目前國內釐清飛航事故發生原因與改善未來飛航安全當務之急。在客艙內設備損害情形分析方面，如何將飛航事故發生後產生之眾多資料，有效之輸入整理分析與呈現，減少相關調查人員之人力與時間成本為研究之重要研究議題。在本研究中提出互動式多維空間視覺化分析平台，以虛擬實境、多角視圖、多維空間等方式呈現客艙內設備與各部件損害之情形，以幫助調查人員能夠快速分析與評估各項飛航事故之危險因素。此外該資料及分析庫建置，可以提供在大量傷患、罹難者及客艙殘骸時之調查資料蒐集及分析能量，並提出統計分析，對於朝國際水準邁進生還因素調查能量之重要里程碑。

研究案研發過程發展出一系列的論文分別於國內外各期刊中刊登，包括此次投稿獲採用於EI等級之ICSOFT研討會，題目為『整合Apriori與案例庫推理來協助飛航事件調查（Integration of Apriori Algorithms with Case based Reasoning for Flight Accident Investigation）』，本次出國目的為展示本研究。出國人員包含本會副飛航安全官林沛達與清雲科技大學邱南星助理教授2員 ，惟因經費受限，邱老師並未使用科發計畫之預算。
二、過程
國際軟體和資料技術研討會（ICSOFT; International Conference on Software and Data Technologies）從2006年開始每一年舉辦一次國際研討會。今年第5屆國際軟體和資料技術研討會（ICSOFT-2010; 5th International Conference on Software and Data Technologies），在希臘雅典的比雷埃夫斯大學（University of Piraeus）舉行。本次國際研討會的議程如圖一所示，研討會時間從2010年7月22日到2010年7月24日為期三日。受限於較為便宜之機票及機位，本次行程自99年7月21日由台北出發經曼谷轉機後於99年7月22日0700抵達希臘雅典，搭乘捷運於1小時候希臘比雷埃夫斯大學，隨後參與研討會至7月26日班機回台，經曼谷轉機7月27日抵達。
[image: image14.png]Low High

@ oihed o Dy
T ———

[ T |
[T
[ T E—
Folam o [ o
W oalebon o [
" aLpam
[T T I — |
™ 10, Rshark 4
™ 11, Rhenar 4
I 12 Ligh <
™ 13 Laark <

I~ 14, Lithenar 4





圖一、ICSOFT-2010國際研討會議程
研討會與會的專家學者們來自世界各地，其中又以美國和英國的學者居多。本次研討會舉行地點如圖二所示，比雷埃夫斯大學最初在西元1938建立以工業家和企業合作成為工業研究的學校，它在西元1966年成為一所國立大學，並且在西元1989年沿用以比雷埃夫斯的名字到現在。比雷埃夫斯大學在經濟學領域提供指導和學位、工商管理、統計和保險科學、財務管理和銀行業、工業管理、航海研究、國際和歐洲人研究、訊息科學和數字系統。另外研究類別包括:例如醫學、社會管理學、歐洲法律研究、初級教育、幼兒教育和觀光旅遊。
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圖二、研討會舉行地點之比雷埃夫斯大學

ICSOFT-2010研討會主辦單位為希臘雅典的比雷埃夫斯大學，合作協辦單位包含：（1） IICREST–Interdisciplinary Institute for Collaboration and Research on Enterprise Systems and Technology。（2） WfMC–Workflow Management Coalition。（3） Department of Informatics–University of Piraeus。其中研討會之發起贊助組織（Sponsored by）包含：（1） INSTICC–Institute for Systems and Technologies of Information, Control and Communication。（2） University of Piraeus。（3） University of Piraeus–Research Center。本次研討會主要探討議題包含下列五大領域：
Enterprise Software Technology
Software Engineering
Distributed Systems
Data Management
Knowledge-Based Systems
為了呼應本次研討會所探討的五大領域議題，本次研討會分別針對此五領域，邀請五位專家學者在Keynote Lecture時段進行演講。這些領域的專家資料如圖三所示，由左至右分別為包含來自英國的Peri Loucopoulos與Stephen J. Mellor、美國的David Marca與Nikolaos Bourbakis，以及來自西班牙的Cesar Gonzalez-Perez等學者。其中來自英國的Pericles Loucopoulos學者是在英國拉夫伯勒大學的資訊系統的教授，他以前在倫敦是負責財務應用的投資系統。他在1984年在曼徹斯特大學科學技術學會（UMIST）從事學術研究，在1990年他在計算部門擔任資訊系統工程方面的教授。他曾任教於巴黎第一大學-索邦大學、愛琴海大學、德里理工學院和雅典大學。並且擔任希臘、意大利、奧地利和瑞士的政府機構專家。
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圖三、研討會之Keynote Speakers

本次所投稿之研討會論文以海報的形式呈現研究成果，海報尺寸為A0大小約80公分*120公分。論文展示的日期為研討會第二天（7月23日），時間為早上11:20~11:45的Poster Section 1的時段。不過論文從早上10點就提早張貼展示，因此實際展示的時間要比計畫中更長，在休息時間與結束後也陸陸續續還有人參觀與詢問探討研究。如圖四所示，在本次研討會論文的展出時間中，有許多人對於所展出的研究成果具有相當的興趣。中國大陸與美國等學者除了對所發表之文章進行詢問問題外，也互相討論研究心得與交流聯絡方式。
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圖四、研討會論文的展示

獲選之論文:
	Integration of Apriori algorithms with Case-Based Reasoning for Flight Accident Investigation

	

	Nan-Hsing Chiu

	Department of Information Management, Ching Yun University, Jhongli city, Taoyuan, Taiwan, R.O.C.
nhchiu@cyu.edu.tw

	Pei-Da Lin

	Occurrence Investigation Division, Aviation Safety Council, Taipei, Taiwan, R.O.C.
peida@asc.gov.tw

	Chang En Pu

	Investigation Bureau of MOJ, Taipei, Taiwan, R.O.C.
pu_macros@yahoo.com.tw


Keywords:
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Abstract:
The analysis of flight accidents has been demonstrated to be a crucial tool for improving flight safety. The utilization of visual decision support systems potentially assists investigators in quickly and accurately identifying the underlying causes of accidents. This study aims at supplying a visual decision support system, based on the Apriori and case-based reasoning approaches, for assisting investigators in analyzing human injuries in flight accidents. We demonstrate our approach using the aircraft configuration of flight CI611. The experimental results show that the proposed approach provides support for quick decisions by investigators on the basis of a visualization system.

1
INTRODUCTION

With modern aviation technology, airplanes have become one of the safest means of transportation. There were about 21,380 flight incidents and accidents between 1989 and 1999 (Weng et al., 2003). It is important in any flight accident to ensure that human injuries are as few as possible. The investigation of aircraft accidents is focused on the circumstances of the accidents, including analyzing all available information in order to draw conclusions. The objective of the investigation of flight accidents is to enhance air traffic safety by introducing recommendations intended to prevent accidents in the future.

An investigation of an aircraft accident engages a variety of personnel: specialists, experts, legal authorities, and accredited representatives, including representatives for agents of design, manufacture, operation, and so on (Milosovski et al., 2008). Investigators need to pursue a comprehensive examination of the accident site, wreckage, witness information, any recorded media, component examinations, tests, simulations, and other evidence in order to determine the cause of an accident. This shows how an aircraft accident investigation is a complex issue involving many different factors.

A detailed analysis of flight circumstances is an important basis of investigation and is essential in identifying the underlying factors leading to accidents. The Apriori algorithm is a well-known association rule approach that is able to derive frequent itemsets from a variety of datasets (Cristian & Mitica, 2007). The case-based reasoning (CBR) approach also demonstrates high reliability on similar measurements among diverse data sources (Chiu & Huang, 2007). Therefore, this study aims to combine these two approaches for visually investigating and analyzing cases of human injury during flight accidents.

2
Literature review
The improvement of flight safety involves attending not only to factors that increase the likelihood of crashes occurring but also to factors that increase the likelihood of both fatal and non-fatal injury in the crashes that do occur. In 2003, O'Hare et al. (2003) utilize integrated database information to identify risk factors for both fatal and non-fatal outcomes for all civil aviation crashes. Their case study shows that the most significant factors were post-crash fire, off-airport crash location, aerobatic flight, lack of an airworthiness certificate, and aircraft classified as microlight. Taneja & Wiegmann (2003) performed a descriptive study of fatal injuries based on autopsy reports. Their results demonstrate that the most significant factors of fatal injury are post-crash fire and lack of shoulder harness use. Each flight accident usually involves unique reasons for fatal and non-fatal outcomes. Given the diversity of aircraft and autopsy reports, a user-friendly tool would play an important role for investigators to be able quickly to identify the key factors in human injury in flight accidents.

Providing investigators with a summary of information from an accident’s injury data plays a crucial role in determining the probable causes of injury. Agrawal et al. (1993) introduce mining association rules based on the Apriori algorithm. This algorithm finds frequent itemsets and is the most popular algorithm for association rules discovery. Chiu et al. (2006) utilized the benefits of an approach using the Apriori algorithm for identifying the malfunction of electronic ballasts in an aircraft. They compared the Apriori algorithm with a simple genetic algorithm. Their experimental results demonstrate that their approach achieves higher accuracy in distinguishing and classifying malfunctions in aircraft.

Because human injuries with the exact same type are usually rare occurences within the overall dataset, providing investigators with a visualization of similar cases is a useful approach for understanding frequent itemsets and their distribution in a given aircraft accident. CBR is a data-intensive method that matches an input pattern with all the information in the database. It searches the repository for all existing datasets that have attributes similar to those of the new dataset and retrieves the nearest measurement value as estimates. Paul et al. (2001) present a CBR approach for quantifying confidence in the probability that a program is free of specific classes of defects. Their results show that it is possible to analyze Y2K defects based on defect data. Chiu & Huang (2007) investigate the effect of CBR on the improvement of estimation accuracy. Their empirical results show that their proposal is a feasible approach for improving the estimation abilities.

CBR is a well-known approach for solving problems on the basis of similar measurements. Thus, for quickly identifying similar cases for investigators, , this study utilizes an approach based on the visualization of aircraft configuration in order to illustrate integrated information. This integrated information is derived by combining the association rule approach of the Apriori algorithm with the similar measurements used in CBR for further improvement in the aircraft accident investigation process.
3
Methodology
Figure1 shows the framework for visual analysis of human injuries in flight accident investigations and is based on the integration of the Apriori and CBR (ACBR) approaches. The flight accident database includes three data sources: a passenger database, a family member database and an autopsy report database. The passenger database includes all of the basic data for the flight crews and passengers. The family member database includes deoxyribonucleic acid (DNA) data for family members of the flight crews and passengers in order to match DNA. The autopsy reports show DNA and relative information about the bodies of the dead. They also describe relative information for passengers with slight or serious injuries. The DNA matching stage ensures correct connections among passenger database entries, family member database entries and autopsy reports.

Figure 1: A framework for ACBR.

The Apriori algorithm is adopted for deriving frequent itemsets from the flight accident database as cases for analysis. Using the Apriori algorithm, human injuries with categorical attributes are used to construct association rules for determining the frequent itemsets. Association rules are statements of the form “if antecedent(s), then consequent(s).” It is an implication of the form a→b, where a is the conjunction of conditions and b is the result of their association. Support refers to the percentage of records in the training data for which the antecedents (the "if" part of the rule) are true. Confidence is based on the records for which the rule's antecedents are true and is the percentage of those records for which the consequent(s) are also true. Given a set of human injury datasets, we wish to generate all the association rules that have greater support and confidence than the user-specified minimum support and confidence. 
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The CBR approach for visual analysis of human injuries includes three stages: retrieval, similarity measure and reuse. For a case under analysis, this approach retrieves the human injury cases from the flight accident database. The distance between the case under analysis and other human injury cases in the flight accident database is measured. Among all human injury cases, the most similar one will show the lowest distance from the case under analysis. As each human injury case has a respective distance indicating similarity, the visual analysis system plots similar cases using different colors on the aircraft configuration image. On the basis of visual recognition, investigators can easily and quickly understand similar cases from a large number of diverse data sources. 

The similarity measure of the CBR approach is shown in Equation (1), where Ci is the case being clustered and Ch is the human injury case from the flight accident database. For each case being clustered, there are n feature values in conjunction with feature weight w. Investigators are able to assign feature weights for different features, depending on their requirements. Using the values of features normalized between 0 and 1, the similarity measurement determines the straight-line distance between two features of a human injury case. The distance decreases as similarity increases. The sum of the squares of the distance for each feature is the square of the distance between two human injury cases. Therefore, the closest human injury case to the case Ci is the case with the minimum distance.
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4
experiments
An aircraft configuration matching flight number 611 (CI611) from China Airlines was adopted to construct our system. The aircraft was a Boeing 747-200 on a regularly scheduled flight from Chiang Kai Shek International Airport (now Taiwan Taoyuan International Airport) in Taiwan to Chek Lap Kok International Airport in the Hong Kong special administrative region. This aircraft broke into pieces in mid-air and crashed while in flight on 25 May 2002. All 225 people aboard the flight were killed in this accident.

Given the right to privacy of flight crews and passengers, the simulated data of 225 cases are used to demonstrate the visualization system. Every human body is divided into 14 sections for analysis. In addition to the sections of head and body, the left-hand side and right-hand side of the body are accounted for in six parts consisting of the arm, elbow, palm of the hand, thigh, shank and palm of the leg. In the association results from the Apriori analysis of this dataset, the most frequent itemset is the head and body. There are eleven cases with frequent injuries to the head and body in seats from 25D to 25G, 26E to 26G and 27D to 27G.

For the proposed model, or ACBR approach, the user interface for assigning features and weights to different sections of human body is shown in Figure 2. In addition to the sections of the head and body, this user interface provides the 12 options described above for retrieving similar cases from the relational databases. The two sections of the right arm and left arm are near to the head and body and are selected with lower weights than are the head and body. Two other sections, the right elbow and left elbow, are also assigned lower weights than the previous four parts, sections 1, 2, 3 and 6. These weights are determined based on the requirements for analysis and the knowledge of the investigators.
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Figure 2: User interface for feature weights.

Figure 3 shows the visualization results of the the most frequent itemset used to measure similarities to all the other cases of the ACBR approach. There are 108 cases showing lower similarities to higher similarities to the case of the most frequent itemset involving head and body injuries. This visual system shows the relative similarity between a particular set of cases and all the other cases from the most similar to the least similar. It also reveals the group from seat rows 49 to 52 who had similar injuries, which provides further directions for investigators to explore the causes of injury.
Figre 3: The visulization results of ACBR.

5
conclusions
An investigative result of a flight accident cannot reveal corresponding accidents if the relative information is inadequate. The ability to demonstrate visually the various data could be very helpful for investigators in understanding the relevant information.   The present paper proposes an improvement of detailed analysis of accident data using the integration of the Apriori and CBR approaches for visually analyzing flight accidents. The frequent itemsets representing human injuries are identified using the Apriori approach, and the similar injury cases are confirmed based on the CBR approach. 

The experimental results are encouraging when the association rules of the Apriori and CBR approaches are both used in the visualization system using the aircraft configuration and accident data from flight CI611. The frequent itemsets are quickly retrieved using the Apriori approach, and it provides objective itemsets, rather than human injuries that are subjectively identified by experts or investigators. We are encouraged by the results of the present study and are interested in investigating whether the use of different configurations (e.g., fuzzy logic or grey relational analysis) would result in further enhancements of this method in the future.
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三、心得與建議
邀請演講（Keynote Speaker）心得

本次研討會針對企業軟體技術、軟體工程、分散系統、資料管理和以知識為基礎的系統等不同領域，分別邀請五位學者進行不同類型的議題進行發表演講與討論。為了讓每位與會的學者都可以了解到不同領域之主要研究成果，每位演講者與所演講題目如下所示。透過此次邀請之學者講演之後，對於軟體和資料技術相關的發展可以有很大的助益，讓每一位學者的研究帶來更多的思維。

演講者：Peri Loucopoulos, Loughborough University, U.K.
演講題目：The Evolving Relationship between Business and Information Systems 

演講者：Stephen J. Mellor, Freeter, U.K.
演講題目：Models. Models. Models. So What? 

演講者：David Marca, University of Phoenix, U.S.A.
演講題目：e-Business Architecture: Using "Conversational Distance" to Design Software 

演講者：Nikolaos Bourbakis, Wright State University, U.S.A.
演講題目：Detecting, Recognizing and Associating Facial Expressions forEmotional Behavior

演講者：Cesar Gonzalez-Perez, The Heritage Laboratory （LaPa）, Spanish National Research Council （CSIC）, Spain
演講題目：Filling the Voids: From Requirements to Deployment with 

OPEN／MetisParallel Section心得

本次研討會分不同類型的議題進行討論，讓每位與會的學者都可以了解到彼此的研究成果。在研討會全部8個Parallel Section當中，有來自不同國家的學者或博士生上台報告。雖然研討會是在希臘舉行，但是很多上台發表論文之作者的母語並非是英文。因此要了解其發表論文之內容，還需要了解每個國家的英文口音之差別，才能正確的認知其所表達的意義與研究內容。
此外本次研討會收到266篇投稿，包含50個不同的國家。每篇發表的文章都經由兩位以上的國際審查委員審稿通過後才能刊登與發表。最後只有25篇文章通過審查列為全文口頭發表文章。全文口頭發表文章佔9.4%的比率，短篇口頭發表文章與全文口頭發表文章佔所有投稿文件之30.8%。經由論文之口頭發表與學者的提問之下，對於研究的結果與過程的嚴謹程度，要經的起專家學者的審查與現場問題的提問，更顯現出其在研究中的重要性。
此次研討會獲取包含企業軟體技術、軟體工程、分散系統、資料管理和以知識為基礎的系統等不同領域學者發表的論文新知。來自世界各地的專家學者的論文內容十分充實，主辦單位極力辦好此次會議，動用許多的人力，展現出他們想將會議辦好的決心，讓我對於ICSOFT-2010研討會的印象非常深刻。經由參與國際研討會的過程，可以增加與不同國家的專家學者交流的機會。
建議本國政府機關及研究單位能多參與國際性的研討會的活動，以增加研究上的廣度。並且增加在國內舉辦國際研討會的知識與能力。

四、攜回資料名稱及內容
本次會議中所攜回之資料如下:

1. 會議之手冊與論文摘要集。
2. 會議光碟一片。
3. 一些與會議人士討論的資料。
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