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It seems easy for us to recognize 
partially occluded objects



Inference and pattern completion as a 
hallmark of intelligence
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Multi-modal approach of Behavior, 

Neurophysiology and Computational Models

1. Behavior:  Characterize psychometric curves on human 
ability to recognize objects from partial information

2. Neurophysiology:  Understand neural dynamics of pattern 
completion using invasive neural recordings in human 
patients

3. Computational Modeling:  Measure performance of state-of-
the-art models on pattern completion and attempt to 
augment performance



Behavior: Robustness to presentation of 

partial image information
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• For really short delays (SOA<20ms), the mask reduces visibility of the first stimulus.

• For longer delays, the mask disrupts recurrent/top-down processing.

Backward masking has been proposed to interrupt 

the effects of feedback/recurrent computations

Models: Masks:

Lamme V, Roelfsema P (2000)

V1: Bridgeman 1980, Maknik and Livingstone 1998, Lamme et al 2002
IT: Kovacs et al 1995, Rolls et al 1999



Backward masking disrupts pattern completion

masking

No masking



Electrophysiology:  ECoG in Epileptic Patients

Temporal scale:  ms

Spatial scale:  mm



Example responses during object completion

Inferior Temporal Gyrus

Tang et al, 
Neuron 2014



Example responses during object completion

Inferior Temporal Gyrus

Tang et al, 
Neuron 2014



The effect of masking correlates with neural delays 
in processing partial images



Bottom-up models of object recognition

Alexnet Krizhevsky et al, 2012

HMAX Serre et al, 2007



Testing robustness of representation: 
train only on whole objects

Want invariant/equivariant representation at some point

Having robust representation in visual area (e.g. IT) would be 
advantageous (as opposed to just at read-out level)

train readout on whole objects, test on partial 

train SVM

test

?



Bottom-up models significantly underperform in 
robust recognition of partial images

See also Pepik et al 2015, Wyatte et al 2012



But bottom-up models work well with minimal 
occlusion levels

See also Pepik et al 2015, Wyatte et al 2012



Object representation at the top of the model hierarchy 
is not robust to occlusion

Stochastic neighborhood embedding. Van der Maaten 2008



Difficulty for model correlates with neural delays



Motivation for having recurrence:  
attractor dynamics

Hopfield, 1982

Hopfield Network

recurrent neural network with binary units

symmetric weight matrix with weights 
determined by a set of attractors

guaranteed to reach a local min, 
but may be spurious



A recurrent network may ameliorate 
the problem of missing information

p = prototypes  (fixed)



Recurrent connections at the top of bottom-up models 
to push features towards the whole representations

ht = ReLU(Whht-1 +W6®7x)

𝐿 = ℎ𝑡𝑚𝑎𝑥
− ℎ𝑤ℎ𝑜𝑙𝑒



Recurrent connections at the top of bottom-up models 
significantly improve performance

Note: RNNh has no free parameters 
dependent on the occluded objects!



Recurrent computations improve representations and 
performance over time and correlate with human behavior

Masking onset



Summary

Behavior

▪ Recognition is robust to heavy occlusion

▪ Backward masking disrupts performance

Neurophysiology

▪ Neural signals are robust to heavy occlusion

▪ Neural delays proportional to occlusion

Computational Models

▪ Bottom-up models are not robust to heavy 

occlusion

▪ Attractor-based recurrent computations can 

solve the problem of pattern completion



Objects can be recognized from partial information



Image-by-image correlation 
between human and model performance



The model captures the effects of backward masking



Backward masking also disrupts 
recognition of occluded objects

whole whole


