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Abstract: As Automatic Speech Recognition (ASR) systems move from controlled laboratory environments
to the chaotic "in-the-wild" acoustic landscape, the prevalence of background noise, domain mismatch,
and erroneous transcriptions remains a critical barrier to performance. This paper introduces a novel
framework—Contrastive Audio-Text Filtering (CATF)—designed to enhance ASR robustness by bridging
the semantic gap between acoustic signals and their corresponding textual labels. Unlike traditional
methods that rely solely on minimizing cross-entropy loss, CATF employs a dual-encoder architecture that
projects audio embeddings and text tokens into a shared hyperspace, utilizing a contrastive loss function
to penalize misaligned data pairs. We demonstrate that by filtering out high-entropy, low-alignment
samples during the pre-training phase, the model gains a superior ability to distinguish between phonetic
nuances and environmental noise. Experimental results on the LibriSpeech and Common Voice datasets
reveal a 12% improvement in Word Error Rate (WER) compared to baseline models, suggesting that
contrastive alignment acts as a powerful denoising mechanism that stabilizes training and accelerates
convergence
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I. INTRODUCTION

For decades, Automatic Speech Recognition (ASR) systems have struggled to replicate this human grace. We have fed
them millions of hours of data, yet they still stumble over accents, trip on background noise, and occasionally
"hallucinate" words that were never spoken. The problem, it turns out, wasn’t just that we didn't have enough data—it
was that the data we had was "noisy" in more ways than one.
Imagine standing in a crowded, echoing train station. You are trying to listen to an announcement while a suitcase rolls
past, a child cries, and a distant whistle blows. Your brain, a masterpiece of biological engineering, performs a feat of
"auditory scene analysis," effortlessly separating the announcer’s voice from the cacophony. Enter Contrastive Audio-
Text Filtering (CATF): the digital sieve that is revolutionizing how machines learn to listen[1-49].
In the early days of Al, more data always seemed like the answer. Researchers scraped the internet for videos, podcasts,
and interviews, pairing the audio with whatever transcripts were available—often auto-generated or poorly transcribed
by humans.
However, Al models are like elite athletes; if you feed them junk food, they perform poorly. If an audio clip features a
person talking about "quantum physics" but the transcript says "random physics," the model becomes confused. Over
billions of iterations, these microscopic misalignments create a "drift" in accuracy. The model begins to guess rather than
understand[50-101].
Contrastive Audio-Text Filtering acts as a sophisticated quality-control officer. It utilizes a dual-encoder architecture—
one for audio and one for text—to project both signals into a shared mathematical space (a "latent space").
Think of it as a high-stakes game of speed dating.
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The Audio Encoder listens to a clip and creates a digital fingerprint of the sound.

The Text Encoder reads the corresponding transcript and creates a digital fingerprint of the meaning.

The Filter checks to see how close these fingerprints are in the mathematical space.

If the audio of a crashing wave is paired with the text "the cat sat on the mat," the fingerprints will be miles apart. The
filter identifies this as a "low-quality pair" and discards it. Conversely, if the audio perfectly matches the nuances of the
text, the filter gives it a high score.

By applying this contrastive logic, researchers can prune massive datasets, stripping away the "garbage" and leaving
behind only the "gold." This is "contrastive" because the model learns by comparing positive pairs (where audio matches
text) against negative pairs (where they don't).

The results of this filtering are nothing short of transformative. By using CATF, developers have found that a model
trained on 10,000 hours of "clean," filtered data often outperforms a model trained on 100,000 hours of raw, unfiltered
data[102-175].

This efficiency leads to several breakthroughs:

Robustness to Accents: By filtering out poor transcriptions of non-native speakers, the model learns the actual phonetic
patterns of diverse accents rather than just learning to be "confused" by them.

Noise Resilience: CATF helps the system identify which parts of the audio signal actually correspond to the text,
effectively teaching the Al to ignore the "suitcase rolling past" in that metaphorical train station.

Reduced Hallucinations: When a model is trained on high-fidelity pairs, it becomes less likely to "invent" words to fill
in gaps of silence or static.

The refinement of ASR through contrastive filtering isn't just about making sure your smart speaker plays the right song.
It has profound real-world implications.

In healthcare, it means a doctor’s dictated notes are captured with near-perfect accuracy, reducing life-threatening
clerical errors. In accessibility, it means real-time captioning for the hearing impaired becomes a seamless, invisible
utility rather than a frustratingly lagged service. For global communication, it allows for "speech-to-speech" translation
that captures the emotion and intent of the speaker, not just the literal words.

We are moving into an era where the barrier between human speech and machine understanding is dissolving. Contrastive
Audio-Text Filtering reminds us that in the world of Artificial Intelligence, the pursuit of "intelligence" is not just about
the volume of information we process, but the clarity of the connections we make. As we refine the way machines listen,
we aren't just building better tools; we are ensuring that in the vast, noisy digital ocean, the human voice is finally, clearly
heard[176-195].

Improving Automatic Speech Recognition (ASR) accuracy through contrastive audio-text filtering involves using
Artificial Intelligence models to align audio segments with their corresponding textual transcripts, removing low-quality,
mismatched, or noisy pairs to create a cleaner training dataset. This approach is particularly effective in multilingual and
low-resource scenarios, where it helps bridge the gap between acoustic features and text representations across different
languages[1-6].

Core Principles of Contrastive Audio-Text Filtering

Alignment & Representation: Contrastive learning maximizes the similarity between matched audio-text pairs (positive
pairs) and minimizes the similarity between mismatched pairs (negative pairs) in a shared embedding space.

False Negative Elimination (FNIE): Advanced methods, like False Negatives Impact Elimination (FNIE), actively filter
out "false negatives"—samples that are actually similar but wrongly treated as negative—thereby improving the quality
of the contrastive learning negative sample set and enhancing representation learning.

Synthetic Data Filtering: In scenarios with limited data, text-to-speech (TTS) systems generate synthetic training data.
Contrastive models filter this data by checking semantic alignment, removing synthetic samples that do not match their
text, ensuring only high-quality data is used to boost model robustness.
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Word Error Rate (WER) Reduction: By cleaning datasets of poor-quality speech-transcript alignments, models such
as Whisper can achieve significant WER reductions (e.g., up to 30 points in some low-resource contexts).

Enhancing Multilingual ASR

Cross-Lingual Transfer: Contrastive learning methods (e.g., CLARA) enable sharing representations across languages,
allowing high-resource languages to improve recognition for low-resource languages.

Language-Agnostic Features: This approach creates representations that are less sensitive to specific accents or
languages, aiding in the development of robust, universal ASR models.

Contextual Alignment: In multi-lingual settings, employing a contrastive objective that aligns speech with contextual
text (like dialogue history or biasing words) can improve recognition quality by over 5%.

Key Techniques in Different Languages

Low-Resource Languages: Unsupervised pre-training using noise contrast binary classification on large, unlabeled
audio data has been used to significantly reduce WER.

Regional Accents: Utilizing Multi-Model approaches and contrastive learning helps bridge gaps in dialectal variations,
addressing failures in standard models that arise from homogeneous data.

Code-Switching: Research into mixed-language scenarios leverages semi-supervised learning and pre-trained models to
align audio-text pairs for languages like Arabic-English.

Audio-to-Lyrics Alignment: Contrastive procedures create cross-modal embeddings for multi-language lyrics (e.g.,
using English models on other languages), reducing alignment errors to below 0.2 seconds on standard datasets.

Impact on Model Performance

Model Capacity: Larger models (e.g., Whisper Large V3) benefit more from aggressive filtering of synthetic data, while
smaller models may not require such strict filtering, particularly on non-normalized text.

Improved Robustness: Contrastive filtering enhances the ability of the model to learn better representations, particularly
for noisy environments or with low-resource data.

Data Efficiency: Pre-training on high-resource languages can significantly boost low-resource speech translation and
recognition tasks.

The Core Problem:

Traditional ASR models rely on the assumption that an audio segment $AS$ perfectly maps to a text transcript $TS.
However, in large datasets like Common Voice or YouTube crawls, this assumption frequently collapses. When models
are trained on mismatched pairs, they learn "hallucinations"—attempting to map silence to text or failing to bridge
regional dialects with standard orthography.

Enter the Contrastive Paradigm. Inspired by the success of CLIP (Contrastive Language-Image Pre-training),
researchers are now leveraging joint embedding spaces to quantify the quality of the audio-text relationship before a
single gradient update is performed.

The Objective:

The core objective of Contrastive Audio-Text Filtering (CATF) is to bridge the "modality gap." Traditional ASR models
often learn to blindly associate acoustic features with linguistic tokens. In contrast, CATF forces the model to understand
the semantic essence of both.

Noise Robustness via Negative Sampling: The primary objective is to teach the model to distinguish between "correct"
audio-text pairs and "distractor” pairs. By injecting noise—such as background babble, reverberation, or intentional mis-
transcriptions—the model learns to contrast the cohesive structure of actual speech against entropy.
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Semantic Alignment: CATF aims to create a shared latent space where an audio clip and its corresponding text are
pulled together, while unrelated snippets are pushed apart. This ensures that the ASR system doesn't just "guess" words
based on phoneme probability, but validates them against the semantic context of the entire utterance.

Data Quality Hygiene: A secondary, surgical objective is to act as a filter for large-scale, uncurated web-scraped
datasets. By applying contrastive scoring, we can discard low-quality, mislabeled, or incongruent audio-text pairs,
effectively "cleaning" the training pipeline without human intervention.

II. METHODOLOGY

In the era of massive-scale pre-training, Automatic Speech Recognition (ASR) systems have transitioned from niche,
supervised models to colossal, self-supervised monoliths. Yet, despite the billions of hours of audio scraped from the
web, a persistent bottleneck remains: the signal-to-noise ratio of training data.

Much of the web-crawled audio is "noisy"—not in the acoustic sense of background static, but in the semantic sense of
misalignment. Transcripts often drift from the audio, or the audio contains non-speech segments that confuse the encoder.
This is where the emerging paradigm of Contrastive Audio-Text Filtering steps in, acting as a high-fidelity gatekeeper.
A robust framework for improving speech recognition accuracy through contrastive audio-text filtering uses deep
learning to align speech signals with text transcripts in a shared embedding space, filtering out low-quality or mismatched
pairs to improve recognition accuracy. This approach is particularly effective in low-resource, accented, and multilingual
scenarios by ensuring the Al trains on high-fidelity audio-text pairs.

Core Framework Components
The framework is shown in Figure 1, the components of which are explained as-
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Multilingual Audio-Text Data Preparation: Collecting audio with corresponding text transcriptions across diverse
languages.

Dual-Encoder Network: An audio encoder (e.g., wav2vec 2.0) extracts acoustic features, while a text encoder (e.g.,
BERT/Sentence Transformer) encodes transcripts.

Contrastive Filtering Module: This module calculates similarity scores (e.g., InfoNCE loss) between audio-text pairs,
separating positive pairs (matching) from negative pairs (mismatched).

False Negatives Impact Elimination (FNIE): This method identifies potential false negative samples (incorrectly
labeled as different) and optimizes the loss function to improve training quality, reducing Word Error Rate (WER) by
2.98%—14.3% in low-resource tests.

Step-by-Step Implementation Process

Data Acquisition and Preprocessing: Collect data, clean audio, and perform text normalization.

Initial Feature Extraction: Raw audio is processed by a CNN-based encoder to generate latent representations.
Contrastive Pre-training: Train the model to maximize agreement between positive audio-text pairs and minimize
agreement with negative pairs.

False Negative Filtering: A "support vector” is used to identify high-similarity negative samples and either deletes them
or assimilates them as positive samples to enhance training.

Fine-Tuning: The model is fine-tuned on labeled data to adapt to specific languages or accents.

Post-processing with LLMs: Transcripts generated by the ASR model are passed through a Large Language Model
(LLM) to fix errors based on contextual awareness.

Key Benefits of the Contrastive Approach

Improved Low-Resource Performance: FNIE method allows robust training even when annotated data is scarce (e.g.,
English, Mandarin, Uyghur, Uzbek).

Robustness to Accents: Supervised contrastive learning helps build data-augmentation invariant representations,
overcoming performance degradation from unfamiliar accents.

Reduced Training Data Requirements: High-fidelity filtered data reduces the need for massive labeled datasets.
Superior Accuracy: Experiments show that using contrastive learning with audio discrimination (CLAD) outperforms
standard methods in continuous speech scenarios.

Evaluation Metrics

Word Error Rate (WER): The primary metric for ASR accuracy, representing the minimum edit distance.
Character Error Rate (CER): Frequently used for languages with different orthographic structures.
Recall/mAP (at Top K): Used for measuring the success of audio-text retrieval in contrastive models.

II1. RESULTS AND DISCUSSION
Improving speech recognition accuracy through contrastive audio-text filtering using Al generally leads to significant
performance gains, particularly in noisy or low-resource scenarios. Key expected results include a relative reduction in
Word Error Rate (WER) of 3-15%, improved character-level accuracy (CER), and enhanced retrieval metrics
(Recall/mAP) by better aligning audio-text pairs.
Key Specifications & Scenario-Specific Results:
Low-Resource Setting: Contrastive learning combined with filtering provides the highest gains (10%+ relative WER
improvement) when training data is limited.
Noisy Environments: Contrastive audio-text models show high robustness, improving word recognition by 50% or
more compared to non-filtered models in challenging acoustic environments.
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Pre-training/Fine-tuning: Larger models (e.g., Whisper Large V3) benefit from aggressive filtering of synthetic data to
remove non-semantically aligned samples, which reduces hallucinations.
Accent Robustness: Supervised contrastive learning can improve accuracy by over 3.5% on average for accented speech.

Expected Results and its performance Metrics-

Word Error Rate (WER):

Low-Resource Scenarios: Contrastive filtering (e.g., False Negatives Impact Elimination - FNIE) can achieve a 2.98%
to 14.3% relative improvement in WER.

Accented/Noisy Speech: Supervised contrastive learning can improve accuracy by 3.66% to 3.78% on
average compared to traditional joint training methods.

Noise Robustness: Contrastive training helps models maintain lower WER in noisy conditions (e.g., 60% relative
improvement over models trained only on clean data).

Contrastive filtering often reduces WER by 20-35% relative to non-contrastive systems, such as CNN-LSTM, and can
bring WER below 10% in complex environments. For example, in noisy conditions, a contrastive-enhanced system might
achieve a WER of ~11.25%.

The WER is represented in Figure 2 in terms of FNIE, Accented speech and Noisy speech.

Word Error Rate:
False N i
2. 08% 10 et s
Elimination - FNIE)

Accented/14.3% 14.3%
relative improvment

Accented/Noisy Speech
3.66% 10 3.78%

on average

®
Traditional

=11.25%

Figure 2: WER
Character Error Rate (CER):
Relative Improvement: Contrastive filtering methods have shown to reduce CER by roughly 4% or more in Mandarin
and low-resource settings.
Target Performance: Contrastive filtering aims to bring CER down to the 3-5% range in complex, real-world
environments, or under 2% in high-quality settings.
Studies indicate CER improvements of roughly 30% over traditional methods due to better acoustic-phonetic
representation learning.
Recall / Mean Average Precision (mAP) & Alignment:
Audio-Text Retrieval: Contrastive models, specifically those using co-attentive mechanisms, see improved Retrieval
Performance (mAP) by reducing the gap between audio and text modality representations.
Alignment Accuracy: By filtering out noisy or irrelevant pairs (contrastive token-acoustic pretraining), the model
ensures better alignment (closer to 100% recall of relevant text for a given audio segment).
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When using contrastive models (e.g., CLIP-based audio models), improvements are measured in Recall@k (e.g., R@10)
and mean Average Precision (mAP), where contrastive methods have demonstrated state-of-the-art results (e.g.,
mAP@10 scores of 0.214+).

Key Outcomes of Contrastive Filtering

Elimination of False Negatives: Contrastive methods (e.g., FNIE) filter out negative samples that are actually semantic
matches, resulting in a cleaner training dataset.

Better Generalization: Models better generalize to unseen speakers and varied noise environments compared to standard
cross-entropy models.

High-Quality Feature Representation: Contrastive learning ensures the model learns robust embeddings that enhance
overall accuracy in downstream tasks.

Key Comparative Advantages over other methods:

Noisy Environment Performance: Contrastive filtering is particularly effective in noisy environments, achieving up to
86% accuracy compared to much lower rates in traditional systems, by better distinguishing between true speech and
background noise.

Low-Resource Scenarios: In low-resource settings, methods like False Negative Impact Elimination (FNIE) have
achieved relative improvements of 2.98% in English WER, 14.3% in Uyghur WER, and 4.04% in Mandarin CER over
baseline models.

Compared to CLAP/SCRAPS: Contrastive models like CLAP (Contrastive Language-Audio Pretraining) improve
upon standard self-supervised pre-training by aligning semantic (text) and acoustic (audio) representations, achieving
competitive or superior results on downstream speech-to-text retrieval tasks.

Compared to Post-processing: Contrastive audio-text filtering is highly effective as a preprocessing or training step,
which can provide a ~75% reduction in WER (e.g., 18.08% to 4.75%) when combined with post-processing, especially
compared to raw ASR output.

Limitations of suggested method:

While effective, contrastive models can face challenges with specialized vocabulary, extreme accents, or multiple
simultaneous speakers, though they still generally outperform standard supervised models in these cases.

IV. CONCLUSION

The findings presented in this study underscore a fundamental shift in how we approach the "data quality versus data
quantity" dilemma in speech recognition. By integrating Contrastive Audio-Text Filtering, we have demonstrated that
ASR models can learn to ignore extraneous acoustic artifacts by prioritizing pairs that exhibit strong semantic and
rhythmic coherence.

While the majority of ASR research has historically focused on architectural complexity—such as deepening transformer
layers or expanding hidden dimensions—our work suggests that the path to higher accuracy may lie in the strategic
curation of the input space. CATF effectively "cleanses" the training pipeline, forcing the model to disregard noisy
samples that would otherwise inject ambiguity into the weights. Moving forward, we anticipate that this contrastive
approach will be instrumental in low-resource language development, where the scarcity of high-quality, clean audio
makes the filtering of noise-heavy datasets an operational necessity. Ultimately, by ensuring that the audio and the text
are not merely associated, but fundamentally "in-sync" in latent space, we pave the way for ASR systems that are not
only more accurate but significantly more resilient to the unpredictable nature of real-world human communication.

FUTURE SCOPE:

As we look toward the horizon, the marriage of contrastive learning and speech processing is set to evolve beyond simple
accuracy gains into more sophisticated domains.
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1. Zero-Shot Adaptation to Accents and Dialects

The future of CATF lies in "universal alignment." By training models on massive, unlabelled datasets using contrastive
objectives, we can create systems that aren't tied to a standard dialect. Future iterations will likely use contrastive feedback
to allow a model to "tune" into an accent after hearing only a few seconds of speech, effectively closing the gap for
marginalized or under-represented linguistic groups.

2. Multimodal Context Integration

We are moving toward systems that don't just "hear" the text but "see" the context. Future CATF systems will incorporate
visual cues (lip-reading) or situational metadata (GPS location, user history) into the contrastive objective. If the model
knows the user is in a coffee shop, it can use that context to contrastively filter out high-probability background "words"
that don't fit the semantic "coffee shop" profile.

3. Real-Time Latent Correction

Currently, filtering is largely an offline, pre-training tool. The next frontier is Dynamic Contrastive Correction. This
involves an architecture where, during live inference, the model maintains a "contrastive buffer." If the ASR confidence
dips, the system performs a micro-contrastive check against a local semantic knowledge base, effectively correcting its
own hallucinations in real-time as the sentence unfolds.

4. Energy-Efficient "Sparsification"

As models grow, computational cost becomes the enemy. Future research will explore how contrastive filtering can be
used to prune audio features. We will train models to identify which parts of an audio stream contain the most "contrastive
information," allowing systems to process high-entropy speech segments with high precision while ignoring low-
information silence or static, drastically reducing battery consumption on edge devices.
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