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Neural system identification
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Spikes

p(spike | x)

3



/22

Generalized linear models
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Generalized linear models
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Spike-triggered mixture model
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From stimulus to spikes
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Trigeminal ganglion cells

Chagas et al. (2013)
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Trigeminal ganglion cells

Chagas et al. (2013)
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Qualitative evaluation

Theis et al. (2013), Chagas et al. (2013)
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Quantitative comparison
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From calcium to spikes
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Two-photon calcium imaging

Tomek et al. (2013) Cotton et al. (2013)

Galvanometric AOD
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Two-photon calcium imaging

Tomek et al. (2013) Cotton et al. (2013)

Galvanometric AOD
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Vogelstein et al. (2010)

kt ⇠ Poisson(kt ;λ)

Ct = γCt�1+ kt

Ft = αCt +β+σε

Two-photon calcium imaging

Vogelstein et al. (2010)
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Vogelstein et al. (2010)

kt ⇠ Poisson(kt ;λ)

Ct = γCt�1+ kt

Ft = αCt +β+σε

Two-photon calcium imaging

Vogelstein et al. (2010)

MAP:

SMC:

k̂= argmax
k

P(k | F)

k̂= E[k | F]

Estimating spike trains



/2214

kt

Ft

P(kt | Ft) = Poisson(kt ; f (Ft))

Discriminative approach
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Lab Euler Tolias Tolias

Region Retina, RGC V1 V1

Scanning Galvanom. AOD Galvanom.

Rate 8 Hz 40 Hz 12 Hz

Indicator OGB1 OGB1 OGB1

Cells 9 16 31

�� ���

Two-photon calcium imaging
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Correlation
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Area under curve
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Mutual information
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Generalization
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Spike history dependency
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Spike history dependency
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Spike trains

Theis et al. (2013)
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Spike-triggered distributions

Theis et al. (2013)
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Trigeminal ganglion cells



Mutual information

��������

�	

�

�


�

���

���

���

���

���

��������



�
��

�
��
��

��
��

�
��
�
�

�
�

��
�



� 
!
��
"�

�
�#



Mutual information

��������

�	

�

�


�

���

���

���

���

���

��������



�
��

�
��
��

��
��

�
��
�
�

�
�

��
�



� 
!
��
"�

�
�# 200 bit/s



Visualizing filters
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Filters for calcium imaging data
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Pointwise nonlinearity
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Performance as function of sampling rate
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Comparison with other models
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Training set size
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Component responses
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