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Introduction: extra-retinal modulation in MT neurons

Neurons in macaque middle temporal (MT) area are known to encode 2D local motion on 
the retina[1]. However, recent studies suggest that neural responses in MT are also 
modulated by extra-retinal signals including pursuit eye movements[2,3] and global optic 
flow[4], providing a neural substrate for computing higher-level perceptual variables such 
as motion in the world and depth from motion parallax. The extact interactions between 
retinal motion and pursuit eye movements in MT remain unclear[5].

We developed an efficient method for estimating the joint encoding of retinal motion and 
eye velocity in MT neurons using uncorrelated Gaussian white noise sequences generated 
from binary m-sequences[6]. Neural responses were recorded from area MT with 32-
channel V-probes.

Single-session decoding of velocity signals

Temporal dynamics and tuning curves Joint tuning for retinal and eye velocities

Take home messages

1) We provide an efficient method for mapping the joint tuning of MT neurons 
for retinal and eye velocities using uncorrelated Gaussian white noise

2) Some MT neurons show a diagonal structure in the joint tuning, indicating 
a representation of velocity shifted toward world coordinates

3) Both retinal and eye velocity signals can be linearly decoded from the 
responses of a small population of MT neurons
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A linear decoder was trained on the threshold-crossing multi-unit 
activities from all 32 channels to recover the velocity signals on 
70% of the trials using ridge regression. The decoder was allowed 
to have separate sets of weights for each velocity signal.

The decoder was then tested on the remaining 30% of the trials. As 
a control, we shuffled the spike trains across different trials and 
performed the same training procedure. 

We show that a simple linear decoder can reliably decode both 
retinal and eye velocities from a small population of MT neurons.

Temporal kernels were extracted by spike-triggered averaging (STA) 
of retinal and eye velocities separately. Tuning curves were obtained 
by discretizing velocity signals into 2deg/s bins and performing STA 
on each bin separately.

The 2D joint tuning profiles were obtained by fitting a set of 2D raised cosine 
kernels to the neural responses. We first estimated the response latencies and 
shifted the velocity signals in time accordingly. A set of cosine basis functions 
(12x12) was then fit to the spike trains using ridge regression.
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We found that some MT neurons show a diagnoal 
structure in their joint tuning profiles, indicating a 
small shift toward representing velocity in world-
centered coordinates. 

Reti
nal 

ve
loc

ity

Eye 
vel

ocity

Spikes

target
data

Time (ms)

#
 c

h
an

n
el

V
el

oc
it
y 

(d
eg

/s
)

EncodingDecoding

-30

0

30

-30

0

30

0 2500 5000
0

15

30

-2 -1 0 1 2

5

15

25

35 Eye vel. > 0
Eye vel. < 0
Eye vel. = 0

Retinal velocity (deg/s)

R
es

p
on

se
 (

sp
ik

es
/s

) R
esp

on
se (sp

ikes/s)

-10 0 10

-10

0

10

0

50

Eye velocity (deg/s)

R
et

in
al

 v
el

oc
it
y 

(d
eg

/s
)

?

-150 -100 -50 0 50

-0.3

0

0.3

-15 0 15
0

15

30

-150 -100 -50 0 50
0

1

2

3

-20 0 20
0

100

200

R
es

p
on

se
 (

sp
ik

es
/s

)

Time from spike onset (ms) Velocity (deg/s)

Temporal kernels Tuning curves

S
ti
m

u
lu

s 
st

re
n
g
th

 (
a.

u
.)

Time (ms)

Example trial #1 Example trial #2

Retinal
velocity
(deg/s)

Eye
velocity
(deg/s)

- ground truth  - estimate
-50

0

50

r	= 0.70-50

0

50

r = 0.65

1000 4000
-20

0

20

r = 0.41

1000 4000

-20

0

20

r = 0.39 Corr. coeff. of retinal velocity

C
or

r.
 c

oe
ff
. 

of
 e

ye
 v

el
oc

it
y

0 0.4 0.8

0

0.4

0.8 data from one session
shuffled

Response latency (ms)
#

 u
n
it
s

Direction discrimination index (a.u.)

#
 u

n
it
s

retinal vel.

0

30

eye vel.

-150 -100 -50 0 50
0

15

retinal vel.

0

20

eye vel.
p<.0016, N=67
n.s., N=66

0 0.2 0.4 0.6
0

40

0 0.2 0.4
0

10

20

Inseparability (a.u.)

#
 u

n
it
s

shuffled

data

(                                                             )...

...

...

...

...

...

WΣ =

Example unit #1

Eye velocity (deg/s)R
et

in
al

 v
el

oc
it
y 

(d
eg

/s
)

retinav

worldv

eyev

Retinal 
coordinates

World 
coordinates

Inter-
mediate

Eye velocity (deg/s)

R
et

in
al

 v
el

oc
it
y 

(d
eg

/s
) Example unit #2 Example unit #3 Example unit #4

-20 0 20

-20

0

20

0.110.170.24


