
 

Field:  
Mathematics / Informatics / Engineering 

 
Session Topic: 

Good Looks 
 

Speaker: 
Yoichi MIYAWAKI, National Institute of Information and Communications Technology 

 

 
1. Introduction 
Quantitative understanding of our visual information processing system represents a 
major challenge in neuroscience. Its success will lead to development of innovative 
sensing systems, image processing algorithms, and man-machine interfaces. 
Conventional studies in the field of neuroscience have measured the brain activity evoked 
by specific visual stimuli, mostly characterized by low dimensional parameters, relating 
the presented stimulus parameters with the brain activity. Although such methods have 
led to a large portion of our current knowledge about the visual information processing 
system, they are still only indirect ways to assess visual information represented in the 
brain activity. A more direct test is to attempt to “read-out” visual information from brain 
activity. 
 The key technique to read-out, or decode, visual information represented in brain 
activity is to learn the relationship between visual information and brain activity 
patterns. Machine learning allows us to train a decoder that learns statistical 
relationships between presented visual stimuli and brain activity patterns. The trained 
decoder can classify the brain activity data into one of pre-defined stimulus categories, 
each of which corresponds to presented visual stimuli. Previous studies used this 
approach, showing that presented visual stimuli can be predicted from the brain activity 
patterns measured by functional magnetic resonance imaging (fMRI) [1]. 
 However, such a simple classification approach becomes difficult if the number of 
pre-defined stimulus categories increases, since decoders need to be trained for all the 
possible candidate stimuli. Additionally, the approach only predicts a categorical value as 
a result of classification, but does not reveal a visual image as it is. 
 Here we introduce a more challenging but universal approach, “visual image 
reconstruction,” that allows us to translate the brain activity pattern into a visual image 
directly. To achieve this goal, we have developed a novel “modular decoding” method, 
consisting of three steps: 1) an image is decomposed into a collection of local image 
elements, 2) image values of each local image element are decoded from the brain activity 
patterns in parallel, and 3) the outputs of the local decoders are combined to reconstruct 
the whole image. Since each local image element has less variation compared with the 
whole image, the training of the local decoders requires only a small number of training 
samples. Hence, each local decoder serves as a “module” for the simple image element, 
and the combination of the modular decoders allows us to represent numerous variations 
of complex images.  
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2. Visual image reconstruction from 
human brain activity 

We applied this method to reconstruct 
contrast-defined images consisting of 
10 x 10 binary patches, and achieved 
accurate reconstruction of arbitrary 
visual images (2100 possible variations), 
including geometric figures and 
alphabet letters, with only 440 training 
data samples (Figure 1) [2]. We also 
succeeded in replaying what a person 
saw as a movie, by sequential visual 
image reconstruction using 2-s 
single-sample fMRI data. Further 
analyses have shown that the 
reconstruction model extracts 
information from correlated brain 
activity patterns as well as retinotopic 
organization while utilizing the multi-scale representation of visual images. 

 
Figure 1: Reconstruction results. Reconstructed images for eight 
trials are sorted in ascending order of the mean square error. 
Intensity indicates the contrast of each patch (the checkerboard 
pattern is used to define contrast in the actual experiments). The 
same images of ‘n’ are displayed in the right- and left-most 
columns. 

 
Conclusion 
We provide a general procedure to reconstruct complex contrast-defined visual images 
from the brain activity patterns. Our method could be extended to reconstruct visual 
images defined by other features, such as color, motion, texture, disparity, or their 
combinations. Motor function may also be dealt with our approach. A large variety of 
motor actions could be described by a combination of putative modules. Thus, the 
modular decoding approach may greatly improve the flexibility of prediction, which can 
expand the capacity of brain-machine interfaces. 
 More interesting are attempts to reconstruct subjective states without sensory 
stimulation, such as visual imagery, visual illusions, and dreams. Several studies have 
suggested that these subjective percepts occur in the early visual cortex, consistent with 
the retinotopy map. One could address this issue by attempting to reconstruct a 
subjective state using a reconstruction model trained with physical stimuli. 
Reconstruction performance can also be compared quantitatively among cortical areas 
and reconstruction models. Thus, our approach could provide quantitative understanding 
of the visual information representation in the brain, and also facilitate applications of 
the acquired knowledge to the engineering field. 
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