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The ability to integrate information from different sensory modalities in a social 
context is crucial for achieving an understanding of social cues and gaining useful 
social interaction and experience. Recent research has focused on multi-modal 
integration of social signals from visual, auditory, haptic or physiological data. 
Different data fusion techniques have been designed and developed such as early 
or late fusion; however, the majority have not achieved significant accuracy 
improvement in recognising social cues.

o Reliability : a failure of one modality .
o Inconsistency: modalities are inconsistent semantically
o Interaction: interaction is impossible using the current fusion techniques..
o Time asynchrony: When one modality comes earlier than the others.

o Inverse effectiveness
o Cross-modal prediction
o Spatio-Temporal adjacency
o Constant interaction between different brain areas

o Feed forward and Feedback processing
o Attention modulation
o Predictive coding 

The interaction between different brain area during 
multisensory processing of multimodal data. First data is 
processed through primary sensory areas such as the 
inferior Frontal Gyrus for Auditory data and Occipital Lobe for 
visual data. These primary sensory areas are linked to 
multisensory area such as Superior Temporal Sulcus and 
frontal areas such as the Orbitofrontal Cortex. 
The first mechanism is feedforward and feedback where 
input from primary uni-sensory areas are processed in a 
multisensory area, with a constant interaction. 
The second one represent the attention modulation 
mechanism, where attention to each sensory modality 
changes perception in the other modality.
The third mechanism represents the predictive coding where 
information from one modality gets prediction for the other 
modality, this is then processed by frontal area where 
prediction conflicts is assessed.

o Synchronization of the neural signals plays a key role in multisensory integration 
o The synchronization of neural signals drives the information flow between 

different areas and steps of multisensory integration
o There are mainly four waves frequency involved in neural synchrony (alpha, 

beta, gamma and theta)
o The model is implemented using Spiking Neural Network in order to translate the 

dynamics and the decentralized architecture between different modalities. It also 
is the ideal candidate to simulate the neural synchrony between different areas.

Spiking Neural Networks are considered the third generation of neural network. 
Their main characteristics is that neuron communicate through spikes by firing 
spikes when neurons reach a certain threshold. The main computation is based 
on timing where spikes that fire together are linked.

The Leaky-integrate-and-fire is the most commonly used model. Its network 
dynamics are captured in the following equation:

V is the membrane voltage and Erest represents the resting membrane 
potential. The inhibitory and excitatory synapses equilibrium potential are 
represented by Einh and Eexc respectively. The conductance of the synapses is 
represented by ge and gi for the excitatory and inhibitory synapses. τ is a time 
constant representing the time a synapse reaches its potential and it is longer 
for the excitatory neurons. When a membrane reaches a certain threshold, the 
neuron fires a spike then enters into a resting phase Erest for a certain time 
interval. This represents a refractory period where the neuron cannot spike. 

Challenges faced by existing multimodal data fusion techniques can be alleviated but turning 
towards more biologically plausible models. Although Multisensory integration is still a novel area 
in computational neuroscience, there are some well set theoretical models and new studies are 
turning towards a more dynamic and multisensory interaction instead of the classical feed-forward 
and converging view. 
Our research aims at applying these models in multimodal data fusion for social signals. This 
research work can be applied in social robotics, sensory substitution or  wearable assistive 
technologies.
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Spikes for stimuli Convolution weight learning

SNN results CNN results 

SNN was used for the task of Facial Expression Recognition on 
basic emotions dataset Cohen-Kanade. The network has three 
layers  , an input an excitatory and inhibitory layer. When an input is 
fed to the network, they are transformed into meaningful input with 
rates in the input layer. This then generates distinctive spikes 
according to each class. The overall results was 94.3% comparing 
to 81% for CNN.
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