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Neural Representation of moving direction

*Two pieces of information are important for representing the
dynamical aspects of external objects, namely, the moving speed
and the moving direction of objects.

*A. Georgopoulos’s group carried out a series elegant
experiments to explore the neural representation of
moving direction.

It is one of the few examples in which the coding
scheme is relatively well understood.
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Experiment observations

In the experiment, the monkey is guided to move the lever in the
center of apparatus to one of eight peripheral locations.

eNeural activities in the motor area are recorded.
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Preferred stimulus and tuning curve
Rkgskkeastimulus: for each neuroRw=lieke=ts=a=stHnbtus-value by

which the neuron has the maximum response.

*Tuning curve: the function mapping between the neural activity
(measured by mean firing rate) and the stimulus value.

*Noises always exist

) T ®
T s I ey o 124 Tuning curve
L iEEEDT L '.‘\l : High

i
Il
! i
2
e
\\‘
2
o
——
Response rate

270
8%t | SSammeiiii e e ‘ . Sl | Low
S BEERL s ageh { 0 90 180 270 o

Direction of movement

TS SHAEAE R R 5



Why population code?

*How Is the moving direction encoded by neural activities?

By the most active neuron? This sounds reasonably if there is
no noise, but it does not work in practice because of

large fluctuations in neural activities.

By a population of neurons?

All active neurons contain a piece of information
about the stimulus, why don’t we consider all of them

jointly encode the moving direction. It has at least one apparent
advantage of averaging out noises in individual neurons,
since they are (partially) independent.

*Georgopoulos et al. proposed an idea to reconstruct the moving
direction from the observed neural activities.
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Mathematical Modeling of Neuronal Response

*The smooth bell-shape tuning curve is often modeled by the
Gaussian (or cosin) function:

f,(x) = exp[~(x—c;)? / 2a°]

f.(x) : themean firing rate of theith neuron
X :thestimulus
C. : the neuronal preferred stimulus

a :the tuning width

For neural activity in one trial

r=f(X)+e
&, »a random number of zero mean, representing noise

2014/4/13 SEREAE AR S



Population Vector
= TOTEOpOuos S idea the feural Sy St remdS our e o ving

direction by the average of preferred stimuli of all

active neurons weighted by their activities.

This sounds reasonable since more active neurons, whose preferred
stimuli are more likely close to the true stimulus, and hence

should contribute more on the final vote.
_ -
V=) —C
Z 2"
ne decoded moving direction
ne preferred direction of theith neuron
:the contribution from theith neuron
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An illustration of Population Vector

(c) (d)

A
]
]
2 \
© T\
5 — Cell1 e v
v '
& o= Gell2 ! é 42
o Whist
v -
@ e
o
Population
0° 90° 180° 270° 0° vectors 90
Direction of movement
/ -
180° 0° Q\{ -
Movement Direction Direction Population
direction vector vector vector 270°
forcell 1 forcell 2 for cells 1 and 2
Left(180°) <— + f = ‘\ % =
~ o~ = - ’ -~

2014/4/13 S ME 9



The paradigm of population coding

-Populahon vector demonstrated that mformation can De accurately

represented by the joint activities of a population of neurons in a noise
environment. This coding strategy of using a population of neurons
to represent stimulus is called population coding.

*The idea of population coding is also found in the representation of
moving direction in other parts of cortex, and the representation of
other stimuli, such as the orientation of object and the spatial location.

*Population coding seems to be a general framework for information

processing in neural systems, and worth to be analyzed in more
detail theoretically.

2014/4/13 S ME 10



The mathematical model of population coding

*The encoding phase

X—>r={r}, fori=1...,N, Nisthenumber of neurons
=1 (xX)+¢

The encoding processis specified by theconditional probability p(r | x),
I.e., the probability that theneural activities r is generated given
thestimulus x is presented.

*The decoding phase

infer

r > X

Population vector is one of many inference strategies.

2014/4/13 SRR MM 11
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Rose-Hindmarsh /5 F2 Sk H 1A B £ 51

Xx=y+ax’ —bx* —z+1g, +]1
y=c—dx’ -y
7 =r[s(x—x,)-z]
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