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INTRODUCTION

However, ample evidence suggests that MSTd neurons
exhibit a continuum of visual response selectivity to
large-field motion stimuli. Furthermore, the
underlying computational principles by which these
response properties are derived remain poorly
understood.
Here we describe a computational model of MSTd
based on the hypothesis that MSTd neurons efficiently
encode the continuum of large-field retinal flow
patterns encountered during self-movement on the
basis of inputs received from neurons in MT.

RESULTS

RESULTS

Sparse decomposition model of MSTd

3D translation / rotation selectivity

Efficient encoding of perceptual variables

[2]

Rotation

Model

NMF is a linear dimensionality reduction technique similar to
PCA and ICA, but unique among them in that it can recover
representations that are often sparse and “parts-based” [1].

METHODS
Retinal optic flow: The apparent motion on the retina
caused by relative movement between an observer
and the environment.

RESULTS
3D heading tuning
[2]

rotational

Natural viewing conditions during locomotion:
 Ground planes and back planes located at distances:
𝒅𝒅 = 𝟐𝟐, 𝟒𝟒, 𝟖𝟖, 𝟏𝟏𝟏𝟏, 𝟑𝟑𝟑𝟑 𝐦𝐦
 Linear velocities: 𝒗𝒗 = 𝟎𝟎. 𝟓𝟓, 𝟏𝟏, 𝟏𝟏. 𝟓𝟓 𝐦𝐦/𝐬𝐬
 Angular velocities: 𝝎𝝎 = 𝟎𝟎, ±𝟓𝟓, ±𝟏𝟏𝟏𝟏 °/𝐬𝐬

𝟑𝟑. 𝟔𝟔𝟔𝟔° ± 𝟔𝟔. 𝟕𝟕𝟕𝟕°, 𝟑𝟑. 𝟖𝟖𝟖𝟖° ± 𝟒𝟒. 𝟗𝟗𝟗𝟗°
𝟓𝟓. 𝟕𝟕𝟕𝟕° ± 𝟓𝟓. 𝟔𝟔𝟔𝟔°, 𝟔𝟔. 𝟎𝟎𝟎𝟎° ± 𝟓𝟓. 𝟓𝟓𝟓𝟓°

Eye velocity 𝝎𝝎𝒙𝒙 , 𝝎𝝎𝒛𝒛

𝟏𝟏. 𝟑𝟑𝟑𝟑° ± 𝟑𝟑. 𝟔𝟔𝟔𝟔°, 𝟏𝟏. 𝟑𝟑𝟑𝟑° ± 𝟑𝟑. 𝟎𝟎𝟎𝟎°
𝟎𝟎. 𝟖𝟖𝟖𝟖° ± 𝟎𝟎. 𝟖𝟖𝟖𝟖°, 𝟎𝟎. 𝟗𝟗𝟗𝟗° ± 𝟎𝟎. 𝟗𝟗𝟗𝟗°

CONCLUSION

[3]

Optic flow stimuli

translational

Focus of expansion (FOE) (𝒙𝒙, 𝒚𝒚)

Nonnegative matrix factorization (NMF)

Population code underlying heading discrimination

𝒗𝒗𝑿𝑿
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𝟐𝟐
𝟐𝟐
𝟏𝟏 −𝒇𝒇 𝟎𝟎 𝒙𝒙
𝟏𝟏 𝒙𝒙𝒚𝒚 − 𝒇𝒇 + 𝒙𝒙
𝒇𝒇𝒇𝒇
𝒙𝒙̇
𝒗𝒗𝒀𝒀 +
𝝎𝝎𝒀𝒀
=
𝒚𝒚̇
𝒁𝒁 𝟎𝟎 −𝒇𝒇 𝒚𝒚 𝒗𝒗
𝒇𝒇 𝒇𝒇𝟐𝟐 + 𝒚𝒚𝟐𝟐 −𝒙𝒙𝒙𝒙 −𝒇𝒇𝒇𝒇 𝝎𝝎
𝒁𝒁
𝒁𝒁

Macaque MST [4]

Translation

Neurons in the dorsal subregion of the medial superior
temporal (MSTd) area respond to large, complex
patterns of retinal flow, implying a role in the analysis
of self-motion. Some neurons are selective for the
expanding radial motion that occurs as an observer
moves through the environment (“heading”), and
computational models can account for this finding.

METHODS

Using NMF, we found that a variety of MSTd neuronal
response properties could be derived from MT-like
input features.
These findings:
 Provide a further step towards a scientific
understanding of the often nonintuitive response
properties of MSTd neurons.
 Suggest that response properties such as 3D
translation/rotation selectivity, spiral tuning, and
heading selectivity might simply be a by-product of
MSTd neurons performing dimensionality reduction
on their inputs.
 Imply that motion perception in the cortex is
consistent with ideas from the efficient-coding and
free-energy principles.
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