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THE PROBLEM
The global air transportation market is expected to double during the next 10…15 years. This trend will require expansion of the operational flight envelopes of future aircraft. As a result, the risk of flight incidents and accidents with new air vehicles may increase substantially, especially under complex operational conditions. This dictates the necessity to increase the depth of research into safety performance of new airplanes for a broad operational domain before maiden flight. The emphasis must therefore be placed on the task of flight accidents prevention. The overall goal is to generate a systematic prognostic picture of potentially dangerous flight scenarios. This knowledge is important to further improve flight manuals, enhance the logic and functionality of automatic control systems, and enrich training syllabuses for human pilots [1, 2]. 
THE SOLUTION APPROACH 

Modeling and Simulation (M&S) techniques and personal computers help researchers to drastically save the cost and time of the test and certification (T&C) phase of the aircraft’s life cycle. For example, a Pentium-IV personal computer enables fast-time M&S of the six-degree-of-freedom (6-DOF) controlled motion of an airplane – 50…200 times faster than real flight time, without using a research pilot and special hardware in the model’s flight control loop. 
M&S-based ‘virtual testing’ and design-of-experiments techniques help the user to generate affordably a representative set of realistic flight situations using a standard PC. The number of complex operational scenarios examined in M&S as much as 3…10 times exceeds the number of the equivalent test scenarios derived from physical (flight) experiments and manned simulation. The power of modern PCs is sufficient to use in 6-DOF flight M&S experiments an entire database of an aircraft’s aerodynamic and other input characteristics obtained in design.
A comprehensive ‘pilot – airplane – operational environment’ system dynamics model is employed as a virtual test-bed to study the aircraft flight safety performance in complex situations. As a result, the real test system can be substituted by its mathematical model in advanced safety analyses. Virtual flight experiments are expedient to use when studying complex flight scenarios and operational conditions, which cannot be examined reliably using physical (in-flight and ground) experimentation techniques due to combinatorial and financial constraints.
Modern data management, software and computer graphics technologies form a foundation for embedding virtual reality into flight safety analysis, prediction and protection methodology. This helps the user to generate a comprehensive set of safety-related ‘knowledge maps’ on a PC. These knowledge maps are supposed to be closer to a professional human pilot’s memory than the data formats (tables, plots, etc.) derived from flight experiments or manned simulation.

THE STUDY SCOPE 
A generalized methodology of M&S based study of complex situational domains of flight, including the VATES software tool and the concept of knowledge maps for flight safety performance prediction and protection, has been developed by Dr. I.Y. Burdun [2, 3]. The authors’ contribution to this research avenue includes the following works [4]: design of the algorithms and data structures, which implement a subset of the graph-analytical formats for mapping high-level knowledge of the airplane flight safety derived from M&S; programming and debugging of the safety knowledge formats using MAGE, Pfe, and Tcl software tools, FORTRAN language and VATES flight M&S tool; tune-up of the system model onto the notional commuter airplane project; development of a library of baseline takeoff situation scenarios for M&S; formalization of the selected operational factors and work hypotheses for testing in M&S experiments on a PC; carrying out a check series of M&S experiments with the aim of studying airplane’s performance at takeoff under given complex conditions; analysis of M&S results, demonstration of application of the presented graph-analytical formats for mapping and analysis of the airplane flight in given complex situations; planning and carrying out of a systematic series of simulation experiments on the model to study several representative sets of complex (multi-factor) situations for a number of operational hypotheses. 

The objective of the study presented in this paper is to demonstrate the advantages of the generalized methodology in mapping the flight safety performance of new airplane projects in future realistic scenarios. In this study, the following major results have been obtained:

· a number of new graph-analytical formats have been implemented for mapping high-level generalized information on the airplane’s flight safety performance;

· computational algorithms and software modules have been developed to automate the process of graph-analytical formats construction on a PC based on situational M&S results;

· a tune-up of the VATES tool has been carried for a notional commuter airplane project and a class of takeoff flight situations, operational factors, and work hypotheses; 

· a computer-based M&S experiment has been performed for studying a takeoff phase of the notional commuter airplane project given a human pilot’s errors, wind shear conditions, cross wind conditions, engine failures and some other operational factors;

· capabilities of the developed technique have been demonstrated in application to the problem of advanced analysis and assessment of the flight safety performance of a notional commuter airplane project in demanding operational conditions;

· recommendations have been formulated on the airplane flight safety study in complex situations as well as on onboard and ground applications of the developed techniques.

THE RESULTS 
In particular, the following graph-analytical formats have been implemented on a computer (see selected examples in Figure 1): M1: flight events time-history – a chronologically ordered sequence of all recognized flight situation events; M2: fuzzy constraints of flight – imprecisely known operational constraints of a airplane/project; M3: partial safety spectrum – a color-coded bar, which reflect changes of the airplane’s current flight safety level in some situation taking into account measurements of a given monitored variable; M4: integral safety spectrum – a color-coded bar, which reflect changes of the current flight safety level  in some situation taking into account measurements of all monitored variables; M5: a family of integral safety spectra – the flight safety ‘topology’ map and safety related cause-and-effect linkage map (operational factors – flight safety level) for a subset of ‘neighboring’ flight situations; M6: a situation complexity build-up diagram of – the dynamics and the rate of violation/restoration of fuzzy constrains in a flight situation; M7: a family of flight situation complexity build-up diagrams – the dynamics and the rate of violation/restoration of fuzzy constrains for a family of neighboring flight situations; M8: a diagram of the chronology of fuzzy constraints violation and restoration – a time sequence of the violations and restorations of fuzzy constraints for all monitored variables in a flight situation; M9: a pie-chart of flight safety chances distribution – a partition of a subset of neighboring situations (‘flights’) on to clusters of safe, conditionally-safe and potentially-dangerous and dangerous situations; M10: a flight safety window – a color-coded picture of short-term prediction knowledge of an airplane’s/project’s performance under the effect of two operational factors for a family of neighboring alternative (what-if) flight situation scenarios.

THE CONCLUSION 

The described graph-analytical formats {M1, …, M10} can map various aspects of an airplane’s/project’s flight safety performance in complex (multifactor) situations using natural safety colors and user-friendly graphic symbols. A system of generalized data structures, computational algorithms and software modules has been developed. It helps the user to automate the process of constructing the formats {M1, …, M10} on a PC. These formats have been included into the VATES software tool. The functionality of the developed algorithms and software modules has been validated by solving several applied problems. 
The goal of the presented knowledge maps application is three-fold: (1) to reduce the time and man-hours required to process and analyze M&S results, (2) to make output of flight M&S under complex conditions closer to a human pilot’s internal ‘knowledge base’ (located in his/her long-term memory) of an airplane’s flight safety performance in multifactor situations, and (3) to enhance the pilot’s internal situational model of flight with systematic knowledge of the system dynamics and logic in multifactor operational scenarios derived from M&S experiments. 
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Figure1 –Selected graph-analytical formats for mapping flight safety related information for 
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Burdun J. and Shestakov V.”Implementation of Graph-Analytical Formats for Mapping Aircraft Safety Performance Under Complex Flight Conditions Based on Modeling and Simulation Data”

Results of research are presented with the goal of implementation of graph-analytical formats for mapping aircraft safety performance under complex flight conditions based on modeling and simulation data.

Бурдун Е. и Шестаков В. «Реализация графоаналитических форм для отображения характеристик БП воздушного судна в сложных условиях полета с помощью эксплуатационного моделирования»

Излагаются  результаты научного исследования по реализации графоаналитических форм для отображения характеристик БП воздушного судна в сложных условиях полета с помощью эксплуатационного моделирования.

Burduns J. un Šestakovs V. „Grafoanalītisko formu realizācija gaisa kuģa lidojuma sarežģītos apstākļos LD rādītāju atspoguļošanai ar ekspluatācijas modelēšanas palīdzibu”

Rakstā atspoguļoti zinātniskā pētījuma Grafoanalītisko formu realizācija rezultāti. 
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