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COMPARATIVE ANALYSIS OF END-TO-END
NEURAL SPEECH RECOGNITION FRAMEWORKS

Hasan Gyulyustan, Pavel Kyurkchiev

Abstract. This paper presents a comprehensive comparative analysis of mod-
ern end-to-end automatic speech recognition (ASR) frameworks, emphasizing
architectural diversity, performance trade-offs, and real-world deployment con-
siderations. The study examines representative toolkits such as WeNet, Wav2-
Letter++, ESPnet, Fast Conformer, and PyTorch-Kaldi across multiple evalu-
ation metrics, including word and character error rates, training and inference
efficiency, and hardware requirements. Beyond controlled benchmark results,
the paper investigates robustness under noisy and demographically diverse condi-
tions, highlighting persistent biases in commercial ASR systems. Furthermore,
it explores the integration of neural language models and multi-task learning ar-
chitectures, which enhance alignment, adaptability, and contextual understand-
ing. Emerging domains such as cross-lingual ASR, speech emotion recognition,
and silent speech interfaces are analyzed to reveal limitations of traditional eval-
uation frameworks when applied to multi-domain and non-auditory data. The
findings underscore the necessity of holistic performance metrics that incor-
porate fairness, robustness, and resource efficiency for next-generation ASR
system development.
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