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Overview

Flying in the United States has never been safer.  The efforts of the aviation community to improve safety and prevent mishaps have significantly improved the record of safety performance in the industry.  However, during the last decade, the downward movement in the aviation mishap rate in the United States has slowed and in some arenas has stalled.  With the anticipated growth of air travel in the coming years, an improvement in accident rates will need to continue to improve from the current historic lows in order to keep the number of aviation accidents at a level low enough to maintain the public’s confidence.  Like the professional golfer trying to make a living on tour, improvement at such a high level of performance requires hard work and innovation to rise above the fine line between the great and near great.

Traditional methods of discovering safety hazards and determining future risk will not take the aviation community to the next level of mishap prevention needed to ensure the success of the next generation of air transportation.  Historically, aviation safety data analysis has focused on the results of incident investigations in search of root causes.  Once the causes are determined, measures or controls are put in place to prevent the cause from reoccurring.  This effort is analogous to “fighting the last war”.

For the last three years, a coordinated effort involving the FAA, the U.S. Navy, and easyJet Airlines has been dedicated to finding an innovative solution to removing current limitations the aviation safety community faces in forecasting the future risk.  The Aerospace Performance Factor (APF) concept, and the Navy’s Operational Risk Management Assessment System (ORMAS) concept, strive to get beyond the limits of looking at mishaps and venture into the realm of using all aviation data available to mine for future risk. Such mining not only can reveal dangers that lie ahead, but can provide input to other models and simulations that can lead to understanding the nature of undesirable possibilities and to their removal. In effect these simulations are the “incident investigations” mentioned above without the incidents actually happening.  
A technique used by the APF and ORMAS for determining the weighting of the importance of individual data elements toward the calculation of risk is the Analytical Hierarchy Process (AHP). While AHP is a useful risk analysis tool for APF in its current form, it lags behind, much as the traditional incident investigation and reporting process does, and as such offers the picture of the “last war”.  The APF adapts to changes in organizational processes by reconvening a panel of subject matter experts to reevaluate the importance of the data elements based on changes to the organizational system.  The ability for the APF to keep up with rapidly changing conditions is thus limited.  The Futron Team believes that there is a solution to this limitation by employing data driven, rule driven and physics driven modeling and simulations that incorporate time and dynamics that will significantly improve risk forecasting and substantially enhance decision making processes for any aviation organization.  A solution that takes the APF concept to a new level of decision support capability.
The Futron team

The Futron Team is comprised subject matter experts in three fields – aviation safety, predictive analytics, and aeronautical engineering.  Two organizations make up the Team – Futron Corporation, a decision management solutions firm headquartered in Bethesda, MD, and Adaptive Technologies Inc. (ATi), a predictive analytics company headquartered in Phoenix, AZ.  The Team combines the individual talents resident in each company (aviation safety and aeronautical engineering with Futron and predicative analytics with ATi) while bridging the gap with the common modeling and simulation talents resident in both companies.  Together the Futron Team brings a unique view to the challenge of aviation safety metrics that can enhance the on going efforts of those working toward improved risk forecasting.  This paper describes the methodology.
Enhancing the apf for risk forecasting

The approach the Futron Team proposes to expand the capability of the APF (or ORMAS) can be broken down into three complimentary efforts: discovering risk relationships through advanced data analysis, dynamic simulations of modeled organizational or physical processes, and advanced decision support visualization.  These three elements would form the backbone of the APF. In this paper we focus on one data mining approach and touch on some aspects of visualization. In a subsequent paper we will discuss dynamic simulation approaches and further advanced visualization methods. That paper will conclude with a description of assembling all three elements into a full featured decision management support solution. 
Discovering Risk Relationships Through Advanced Data Analysis 
The Futron Team follows a five step process (depicted in figure 1) in the evaluation and analysis of aviation data to discover relationships that relate routine organizational operations to safety of flight.  This five-step process could serve as the underlying engine of the APF tool.  The process will generate an analysis of aviation data in terms of current and future risk. 

The core analytical processes are in Steps 2 and 3. In Step 2, the Futron Team merge expertise in aeronautics (flight operations and engineering) and advanced data mining (processing for predictive content and forecasting) to yield meaningful and actionable risk and safety forecast information that will be displayed in a robust indications and warning system (Step 4). This system will provide a solid tool to improve pending business and operational decisions by providing accurate and pertinent risk information.  The cooperative efforts of the Futron Team and the specific aviation organization employing the APF toward assessing results and developing action recommendations round out the five steps and complete the process. 
Step 3 employs three analysis layers: feature identification, prediction agents, and consensus. The first of these, feature identification, might be considered “pre-processing” as indicated in the upper left hand block in Step 3. The feature identification process is to reduce the space to be searched and to characterize a smaller number of distinctive, predictive variables. This process includes:

· Reducing the search space by identifying irrelevant variables that can be discarded

· Applying expert knowledge to identify variables that capture easily interpretable features that are generally considered to be important

· Using automated methods to identify potential relevant variables with a strong signal-to-noise ratio, through:
· Intelligent evolutionary search

· Bayesian classifier methods and/or;

· Neural network clustering algorithms such self organizing maps (Kohonen maps)
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Figure 1: Five Step Data Analysis Process

Automated searches are only as good as their user’s ability to specify a good “landscape” function for guiding the search.  The feature identification problem can be illustrated with the proverbial needle in a haystack problem. The first step discards sections of the barn where it is known that the needle would not have fallen; the second finds that a metal detector is useful in this case and marks small squares as “hot” or “cold.” The third step classifies objects as straw, stone, or ‘others’, and identifies distinctive features of particular objects in each class, for example the presence of a pointed shape.  Identification of relevant input variables is vitally important in the prediction process.
Once a set of relevant variables has been identified, the next layer (upper right hand block in Step 3) consists of building the agent per se, as an algorithm embodying appropriate methodologies capable of interpreting the identified features. Just as different methods can and should be applied to different kinds of data in feature identification, so too in the analysis of the data multi-methods are applied to seeking predictability. This second analytical layer, prediction agents, looks at a limited set of identified relevant features and provides an educated opinion (prediction) on the desired outputs. The prediction agent’s role is not only to provide the output but also the probability of this output, or confidence level.  In the needle example above, this might be the probability that the pointed object was in fact a needle, given that it was identified from a hot square, being of class “other” and with the distinctive features of being pointed and thin.  In technical terms, Bayesian learning and statistical estimator methods are both used to select small sets of previously identified features and to build the probability distribution of the output when these features are present.
A third layer, consensus, is then applied to arrive at useful conclusions.  There is a high degree of flexibility in how consensus is sought among agents, and this can be exploited for a customized solution to a particular problem, in this case the determination of operational and safety risk in current and future airline processes and actions. 
The five-step data analysis process just described, with the three-layered analytical approach imbedded within Step 3, distinguishes itself from others in three important ways that assure the capturing of risk as never before and acting to manage risk with greater confidence. First, the methodology adopts multiple viewpoints. There is more than one way to look at a given problem, each potentially leading to a different conclusion. The agent based approach of tailored algorithms and interactions bring forth a multitude of viewpoints, which are then collated at a consensus level. Secondly, the methodology adopts models that are designed to give not only actionable conclusions, but also a degree of certainty attached to these conclusions. Finally, the agents accompany their outputs with a few key drivers from which the agent’s decision was derived. This helps interpretability of the results by associating them with features that can be reviewed for reasonableness by a human decision-maker. The low number of drivers of individual agents also ensures a high degree of robustness. 
Risk and Decision Support Visualization

The analysis process described above must be accompanied by an information visualization display for decision makers, one that can be used to usefully and meaningfully interpret the information analyzed and to provide a convenient way to drill down to the reasons for all outputs.  The Futron Team firmly believes that prediction or forecasting technology produces results in operational effectiveness and in the bottom line only when its outputs are easily understood and presented in a way that assists human analysis.  Managers can then put information in context to make better informed decisions. In the Futron Team’s approach to enhance interpretability, individual agent models are designed to be simple and look at only a small number of relevant variables. In all cases, a variety of displays, including three-dimensional “topographic” portrayals, will present the consensus results to facilitate easy interpretation and understanding of the analysis by decision-makers. As an example, the three dimensional topography might consist of these dimensions: the expected output itself, a confidence level or probability associated with this expected output, and the key drivers of the output. Other associated information could be featured in the developed displays.

The Futron Team’s display approach serves as an indications and warnings system where changes to organizational risk and processes will be displayed in a manner that makes the discovery of underlying causes, and prioritization of resources to be allocated, easier and more efficient.  This is the primary content of Step 4 in the loop depicted in Figure 1 above. Two examples of earlier work conducted by Futron, one for NASA and one for the United States Navy, are presented below.  They serve to illustrate a typical output of architectures that couple good display with good data registry (data bases) and analysis methods. 
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Figure 2: Futron Proposed Safety Metrics and Risk Display for NASA

Figure 2 is a screen shot of an interactive web-based display demonstrated to NASA.  The display presents safety metrics and risk present at each NASA Center in the United States.  The display provides an interactive tool that the Futron Team proposed to synthesize safety information and results from analysis of the information from the various NASA Centers in graphical indications as to the likelihood and severity of the analyzed data and hazards.  A demonstration site is available, and semi-interactive but only contains illustrative data to give a more representative depiction of the functionality the Futron Team envisions.  It can be viewed at https://www.futron.net/dashboard/. 
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Figure 3: Futron Risk Information Display developed for the US Navy
Figure 3 shows another example of a dashboard developed for the United States Navy.  Depicted are six categories of risk or safety concerns surrounding a center grouping of various relevant dialog windows.  These are called up by either activating a particular risk category (one of the six surrounding windows with polar plots within), or by activating any particular risk represented by a radial (or spoke) on each of the risk polar plots. Depicted in the window in the lower right is a three-dimensional portrayal where the risk radials themselves might be any measure of choice.  In this Navy risk application, red contours depict the consequence level, while black contours represent the probability of occurrence or likelihood. Clearly if both a black and red contour extends to the end of the same radial there is reason for concern. The end of each radial represents 100% likelihood and the highest level of consequence. Another auxiliary window might show the trend over time of the enclosed areas each polygon makes giving an historic view of that particular risk category.
Conclusion
The APF concept, enhanced by methodology and tools developed by the Futron Team, will take aviation to new levels of risk-based decision making and mishap prevention.  Mishap reduction is vital to the future of air transportation, both financially and psychologically.  As mentioned in the opening section of this paper, the downward movement in the aviation mishap rate has slowed or perhaps stalled.  The APF, as a dynamic information analysis and learning tool for aviation decision makers, will change how aviation views safety metrics.  It will shift safety from the “rear-view mirror” to “forward-looking radar”.  It will proactively integrate safety into operational thinking.  The APF will be a key component to any aviation safety management system.  Using advanced analytics and visualization will be a powerful, indispensable tool for aviation leaders. 
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