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Abstract

Flight training evaluation has long relied on the subjective judgment of instructors, resulting
in inconsistent scoring and increasing instructor workload. This study proposes a hybrid
flight training evaluation platform, 'Al-CheckEval Pro v3.0,' that integrates sequence-based
deep learning (Bi-LSTM with an attention mechanism), Dynamic Time Warping (DTW) for
spatial trajectory similarity, and a dynamic rule-mapping engine built on YAML
configuration files and the Pandas Query API. Conventional rule-based simulators can only
check predefined physical thresholds and therefore fail to capture subtle instability or
unconventional proficiency, whereas single deep-learning approaches, despite their
predictive accuracy, behave as black boxes that cannot justify a given score. In addition,
hard-coded scoring logic makes it difficult to accommodate new maneuvers without

modifying source code.

To address these limitations, a three-layer modular architecture — a configuration layer, an
evaluation-engine layer, and a debriefing layer — was designed. Piloting stability is
quantified by a Bi-LSTM Attention model, while three-dimensional geometric trajectory
conformity is quantified by DTW; the two scores are fused according to maneuver-specific
weights, and violation penalties detected by a Pandas Query-based dynamic rule parser
are subtracted to compute the final score. A 'Smart Data Factory' module further augments
limited flight-training data by injecting Gaussian noise and time-warping perturbations into

a 100-point instructor 'Golden Path' trajectory.

Validation experiments on traffic-pattern and loop maneuvers show that the proposed
system accurately and immediately detects ACS violations such as hard landings and
excessive load factor, and clearly presents the corresponding textual justification, thereby
achieving explainability. The platform also demonstrates high extensibility, as new
maneuvers and criteria can be incorporated solely through configuration-file edits rather
than code changes. This work provides a foundation that can be extended toward tactical,

multi-aircraft training evaluation in future research.

Keywords: flight training evaluation, hybrid evaluation system, Bi-LSTM Attention, Dynamic

Time Warping (DTW), dynamic rule mapping, explainable Al (XAl), Airman Certification
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