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Context & motivation Preliminary results

> MEA & decoding tasks to decipher the neural code » Estimating the probabilities for each stimulus given Analysis was performed on responses recorded from one wild type
“Classification performance Az s trials in the training set R;-4in mouse retina (age P26), using a 60-multielectrodes array (Multi-
improves with the number of . ¢ _ _ _ Channel System). Following spike sorting, 88 neurons were selected
neurons and with the complexity & | For an image u, and for every pair of neurons (k,m), we estimate according to a responsive criterion inspired from Quiroga et al, 2007.
of the used response features.” 5 | E the empirical probability that the neuron k fires before the neuron
Greschner et al., 2006 » Evolution of the fraction of correct identification as
MEA, turtle retina. a function of the spatial frequency
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) i 1 qo MM Fo T where [, is the latency of neuron k, for stimulus u and trial J, half of the mean receptive field size) the performance of the first
Some ganglion cells can encode o, %]z %&“ . E wave of spikes (blue) is compared to the performance of classical
the spatial structure of a briefly p— v ! 0 i< Bayesian classifier based on the latency (red) and on the
presented Iimage in the relative rvea) g3 1.1.. . "L and  H(s) = i s < U, spikecount (green).
timing of their first spikes.” . Stimulus 1 otherwise P
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» Rank order coding hypothesis mein Ly [ms] < S o ] I
“Neurons A-D emit spikes at . & g | R
] . . ount Latency Rank T
different times. By using a count Pul k
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code, corresponding to a ® =1 B — sy
population rate code, there are only ) l=>¢ ¢ 2 2 Al n2 n3 nd ns L= L L L
4+1 states of the system. If the © il o 4 = . sar width (um)
latency of each spike can be nso %hﬂ5 X
determined with a millisecond © =<1 2 3 ; § e Although the performance of identification obtained with the
precision, there are 4° possible , IS NS fr first wave of spikes is the lowest, it is still above the chance
states. Finally with a rank code, < level.
there are 4! possible sates.” - .
» Evolution of the fraction of correct identification as a
Thorpe et aI._, 2001 P“S(k m) function of the spatial frequency and the number of neurons
Psychophysics ’
» Goal » Scoring rule applied to the test set Ri.s: From the lowest spatial frequency to the highest spatial frequency

the performance of the three approaches were compared
We estimate self-information which is an example of a proper scoring  depending on the number of neurons.

: ! rule. This measure has also been called surprisal, as it represents the
StlmU|US & deCOdlng taSk "SUI’pI’iSG" of seeing the outcome (a highly improbab|e outcome is Wave — Fraction correct Latency — Fraction correct Spikecount — Fraction correct

Can the first wave of spikes be used in a decoding task ?

very surprising).
» Stimulus | . e | ==
_ _ _ | Given an outcome w describing the rank order code, we have : :
32 gratings flashed in a random order (4 spatial frequencies, 8 phases) | % _
025 T T st ) ) . 025+ o
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The identity of the unknown stimulus s Is : In all cases, the higher the number of neurons, the better the

» Sample of recorded neural activity performances are.

s =u* = Argmin, ["(w)

- Onset and offset neural responses. | o » Evolution of the fraction of correct identification as a
- Modulation of the neural responses according to the stimuli. nl  n2 n3d n4 ns function of the number of neurons
- Spontaneous activity. s f) B s B | S 2 Ry
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» Confusion matrix and the fraction of correct prediction e :,*5%‘ : -
> ISSUES Sl | | ..If:lo . | | 1 025 b ::::cﬁf
. - — - Given a set of eight images, a 8x8-confusion matrix M is defined to T e
. . . . . represent the results. Latency nl
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I “« * < I R N Lt Considering the all-but-one approach, the number of possible Number of neurons
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c Lt e S VRIS T . combination of (Rirgin, Riest) 1S |R|- _ _
3 o adt . S oV it . Conclusions & perspectives
_.Cl_Q * 9 ** 4 . . . . . .
© S _.-: © . cw go° * * For each combination, each image is tested: If image u” is tested
3 N . and if the image u” is identified, then the val f M '
oY N g , ue of M(p,q) Is i i
SRR . e ) . increased by one. > The first wave of spikes (rank order code) can be
R L L o used in a decoding task.
” : ] . The fraction of correct identification is the mean of the diagonal.
t . e -
Latency nl Aencyn » Refine the method to decrease the sensitivity to spontaneous
i i Tested phase Vi
» Decoding task Example of a confusion b | neural activity.

matrix showing the phase
identification performance
within 8 gratings of the lowest

Given a set of neural responses, what is the corresponding
stimulus ?

» Take into account both stimulus onset and stimulus offset.

()]
7))
nl n2 n3 n4 n5 spatial frequency. g E » Evaluate the size of the training and the testing sets, on the
A & S B g S I5 L L. identification performance.
e R SR T - 7 Here, the mean performance = _
Rirain is equal to 0.48+0.18. = » Current work : test this method on larger neuronal
All-but-one approach : 1 populations.
g Chance level is 3 = 0.125.
R = Rirain U Riest , with ‘Rtest‘ =1 R, M(p,q)
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