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Near-optimal reliability-weighted 
combination can occur either via 
the weights (joint) or precision 
(separate).

But contextual reliability-weighting 
requries latent-dependent 
precisions (heteroscedastic, 
separate)

With supervised training, 
multimodal accuracy is 
similar but separate wins 
on unimodal accuracy.

With purely a generative 
objective, joint results in 
stronger fusion and thus 
accuracy.

Visual (EMNIST) and 
audio (neural TTS) 
input to a 
bidirectional PC 
architecture  
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Cortical areas receive inputs from many sources. But 
in predictive coding, a framework for local learning, 
how should such converging signals be combined? 

Should they be treated as one fused signal or as 
independent witnesses?  

Joint: projections onto the same 
error and precision populations

Separate: projections onto distinct 
error and precision subpopulations

Learned weights Learned precisionSlope per cue

Heteroscedastic: Slope vs latent

Heteroscedastic: uncertainty (and thus 
optimal weighting) depends on the latent
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Predicting a latent cause: different 
generative models produce different circuits

When is one scheme better?

What do the schemes imply?

Optimal cue integration via two pathways Audiovisual tasks

This research was funded by the Swiss National Science 
Foundation (SNSF), Starting Grant (TMSGI3_225811).

Institute of Neuroinformatics

Multi-sensory Integration 
in Predictive Coding

Future work

Joint for.... 
• Nonlinear fusion is 

needed 
• Unsupervised learning
• 'Explaining away' effects    

Separate for....  
• Each stream can explain 

the target
• Unimodal robustness
• Per-stream precision   

Joint means.... 
• Sensory areas project 

onto the same L2/3 cells 
in multisensory areas 

• Fast cross-modal effects 

Separate means....  
• Projections to non-

overlapping cells in 
multisensory areas 

• Slower cross-modal effects

Class label

Prediction
Error

Visual stream

Auditory stream

Supervised Unsupervised 

A single modality can produce predictions       
and errors in the other stream. Cross-modal 
effects have different latencies in the schemes. 

When should circuits fuse sensory sources, and when should they maintain 
separate predictions? Future work could explore learning rules that select or 
combine the two schemes, linking circuit organization to structural inference 
over the underlying generative model.
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Combine two noisy cues x and y (e.g., evidence from sensory modalities) 
to obtain the latent z

Contact me atnidumon@ini.uzh.ch to learn more or collaborate!  


