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Motivation 
Audio–visual speech recognition extends traditional automatic speech 
recognition (ASR) into a multi-modal framework by leveraging visual cues 
from lip movements. It enables artificial intelligence (AI) systems to 
perceive speech more similarly as humans, and naturally resolves the 
permutation ambiguity. 

Real-world applications present more complex challenges that current 
research has yet to fully address. Recording conditions often involve an 
unknown number of speakers talking simultaneously and have modality 
misalignment. 

Front In
form Technol Electro

n Eng



Main idea 
We propose a speaker-number-aware mixture-of-experts (SA-MoE) 
mechanism, which explicitly assigns different scenarios to different 
experts while using speaker counting as an auxiliary task for automatic 
expert assignment. 

We propose a cross-modal realignment (CMR) module that is 
integrated with pre-trained models to automatically correct input 
sequence misalignment.  

According to the challenges, the scenarios are naturally divided into 
groups of varying difficulty levels. We apply curriculum learning and 
propose challenge-based curriculum learning (CBCL) that reduces 
excessive focus on simpler cases while ensuring sufficient attention to 
harder scenarios. 
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SA-MoE encoder 
The key components of the SA-MoE encoder include a router and 
multiple mixture-of-experts (MoE) layers. The router generates frame-
wise probabilities for speaker number prediction. The MoE layers 
consist of a shared linear layer and N lightweight expert layers. 
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 Cross-modal realignment 
Instead of directly concatenating the per-frame input audio features 
and video features, we use a CMR module to reconstruct an aligned 
video feature sequence before extracting multi-modal features for 
speech recognition. 
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Challenge-based  
curriculum learning 

We propose a challenge-based 
curriculum learning (CBCL) 
strategy, which always focuses 
on the hardest data in the current 
subset. At each stage, there is a 
chance of 50% that a data point 
is sampled from the current 
highest difficulty. Front In

form Technol Electro
n Eng



Major results 
Scenarios with different speaker numbers 
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Major results 
Scenarios with temporal misalignment 
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Major results 
Diverse multi-talker scenarios 
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Conclusions 
1. To explicitly model scenario differences across varying speaker 
counts, we design the SA-MoE encoder that dynamically assigns 
processing pathways according to the speaker number.  

2. For handling temporal misalignment between audio–visual streams, 
we introduce a novel CMR module that automatically corrects input 
asynchrony.  

3. Recognizing the inherent difficulty hierarchy across speaker counts, 
we propose the CBCL training strategy, where the proportion of 
simpler scenarios decreases exponentially during training.  

4. All proposed methods are compatible with pre-trained audio–visual 
encoders and can use knowledge learned from unlabeled data.  
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