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Conclusions
§ MSTd has	a	sparse,	reduced	representation	of	the	motion	fields.
§ Population	code	was	sparse	in	all	cases,	neither	dense	or	local.

§ STDP,	together	with	homeostatic	scaling	may	be	performing	dimensionality	on	
inputs	from	area	MT	and	other	inputs	to	MSTd.

§ STDP-H	may	be	performing	similar	functions	on	other	areas	of	the	nervous	system.

• The	dorsal	part	of	the	Medial	Superior	
Temporal	(MSTd)	area	plays	a	key	role	in	
visual	motion	processing.	

• A	previous	study	showed	that	3D	
translation	and	rotation	selectivity	of	
MSTd emerged	from	applying	non-
Negative	Matrix	Factorization	(NMF),	a	
dimensionality	reduction	method,	to	
MT	activity	patterns	[1].	

• Hypothesized	that	spike-timing	
dependent	plasticity	and	homeostatic	
synaptic	scaling	(STDP-H)	performs	a	
similar	function	as	NMF.	

• Implemented	a	model	of	macaque	MT	
and	MSTd,	with	STDP-H	in	a	
neuroevolutionary	paradigm [2].

Results

3D	Direction	Preferences	for	Trans.	and	Rot,	from	[3]Stimulus	Reconstruction

Encoding	of	perceptual	variables	

Acknowledgement

STDP-H	[3]

Objective	function

• Each generation: 15 individual networks
• 250 generations

Neuro-evolutionary paradigm Network architecture

• 6000 flow fields (15x15 pixels): viewing conditions during
locomotion	(including	translation	and	rotation)

• Randomly	draw	400 for training, and	100 for testing
• MT: 1800 neurons, each tuned to 1 speed and 1 of 8 directions
• MST: 64 neurons
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Translation

Rotation

• Example	3D	
direction	tuning	
for	an	MSTd
neuron	in	SNN

• Error	between	prediction	and	ground	truth 0.663

0.570

Generation

Fi
tn
es
s

W

𝑀𝑇# = 𝑊	 ' 𝑀𝑆𝑇

Methods

(1)	S:	number	of	stimuli,	R(i):		group	response	to	one	stimulus
(2)	S:	number	of	MT	neurons,	R(i):	response	of	one	neuron	to	all	stimuli
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Macaque	Monkey	[4]

Macaque	MST	[3]

• Tightly clustered around 0 and 180° azimuth, -90° and
+90° elevation


