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Pe%Wu et al. (2008) IEEE TBME 

x: monkey’s hand kinematics 

n: hidden state 

y: neuronal firing rate vector 
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Ji and Wilson (2007) Nature Neurosci 

slow wave sleep (SWS) 
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posterior P(S0:T|Y) 

Chen et al. (2009) Neural Computation 
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P[%Vogelstein et al. (2010) J Neurophysiol 

Intracellular Calcium concentration [Ca 2+] 

Fluorescence trace 
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P\%Smith et al. (2009) J Neurosci Methods 

n: behavioral response (0/1) 

x: arousal and attention state 

             visuomotor reaction time task (50 trials) 

ON 

n: range 0~4 
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Herbst J et al. (2008) J Neurosci Methods 

X#'"*1-#2%d((%K*1
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P(St+1=2|St=1)=p 

P(St+1=1|St=1)=1-p 

P(St+1=i |St= i-1)=1    i>2 

P(Ot|St=k)=N(µk;!
2) 

K: for a sample rate of 30 kHz,  

refractory period of 1 ms ! K=30 
N neurons per electrode 
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conditional, joint, marginal joint probabilities 

product rule & sum rule 

j$'01,-F$%L#5$,-#.%$,E@#E*.%

•! 4,,0@&E*.,G%X-1,"N*1+$1%(#1M*F-#.%-.%nB7"9o;

%'*.+-E*.#2%-.+$&$.+$.'$%C$"H$$.%n67"9o%

UP%



B&E@#2%W2"$1-.8%R%*&E@#2-"5%

•! (-.-@0@%@$#.%,]0#1$+%$11*1!%'*.+-E*.#2%@$#.%

•! (#O-@0@%#%&*,"$1-*1-%7(4<9!%'*.+-E*.#2%@*+$%

•! (#O-@0@%2-M$2-)**+%7(p9%70.-K*1@%*1%s#"%&1-*19%%

•! (-.-@#O%!%'*.+-E*.#2%@$+-#.%71*C0,"%$,E@#E*.9%

UU%

<1$+-'E*.TX-2"$1-.8T!@**")-.8%

•! C3)H*$)+%+#)/7,4.3G%345!)5&*678)797:7;$'<15=7&$

•! 170$)#73<G%'*@&0"$%&*,"$1-*1%+$.,-"5G%!7B7"9f67eG"99%%

•! (-..$I73<G%'*@&0"$1%&*,"$1-*1%+$.,-"5%%

%%%%%A9%>?'@*859$,@**")-.8G%%!7B7"9f67eG"hA99%%

%%%%%P9%>?'@*,&"':;58$,@**")-.8G%!7B7"9f67eGB99%%%

U[%



c#2@#.%W2"$1-.8%

•! <1$+-'E*.%75$!:,7:,$$,E@#"$9%

•! r&+#"$%75$!7C"':,7:,$$,E@#"$9%

•! Z#1-#.",G%-.K*1@#E*.%W2"$1%

U\%

Kalman gain 

Error correction = Kalman gain " (innovations) 

[innovations covariance] 
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Natural form (parameterized by natural parameter) 
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Count data: Binary data: 

natural parameters 
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dN1 dN2 dN3 dN4 dN5 dN6 dN7 

0 0 1 0 0 0 1 

dNt =N(t+#)-N(t) is the spike indicator function in ((t-1)#, t#] 

Conditional intensity function: probability of spiking at time t, given the 

history Ht 

bin size # 
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Link 

function 
Distribution Equation 

logit Binomial 

log Poisson 
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Truccolo W et al. (2004) J Neurophysiol 93:1074-1089  
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Linear model 

GLM 

Neural 

Spiking 

Models 
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Properties of GLM: 

•!  Concave likelihood surface 

•!  Estimators asymptotically have minimum MSE   

J-@$Nj$,'#2-.8%J)$*1$@ 

J-@$%%

j$,'#2$%

#$%&'(&)*+,$-./#0&12&%/7L1*H.%$"%#2?;%PeeP93%%If the estimated CIF is correct,  

any point process can be time-rescaled into a unit-rate Poisson process. 
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Goodness-of-fit Tests 
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Most integrations are computationally intractable! 
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complete data likelihood 

observed data likelihood 
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Message passing: iteratively update the messages until convergence 
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An illustration of the benefit of distributed optimization 
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Q: what is the optimal proposal distribution q? 
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replace covariance update with learning rate 

MSE 



Primate M1 neuron:  

directional (cosine) tuning 
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Direction of Movement 

center-out task 

Brockwell et al. (2010) Proc. IEEE 
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Lag: [-600, 600] ms 
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Naïve estimate of intensity EM estimate: state-space  

model with step-functions 

EM estimate: state-space  

model with splines 
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•! Single cell recording in monkey hippocampus 

•! Trial and error learning of association between picture

 and response: monkeys were trained to saccade to one

 of four (1/4) targets, based on displayed images. 
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Wirth et al. (2003) Science 



Behavioral Learning Data Model 

Goal:  estimate a learning curve to characterize
 performance as a function of trial  

Question: What will be a statistical learning criterion? 

Observation equation: logistic regression 

where 

              the trial number 

              the probability of a correct response on trial k 

           the logistic regression coefficients 

Trial Number 

Probability 

of a Correct 

Response 

red   incorrect 

blue  correct 

Learning trial 

Chance  

performance 

!"#E'%Sp(%



Parameter       Estimate    p-value        AIC         AIC difference 

const !0          -4.224         0.0059          75 

          !1          0.1972        0.0017          36              39 

               Assessment  

Note: There is a significant improvement in performance during the 

experiment. Performance is better than would be expected by chance 

(0.25) from trial 21 onward. This behavior is consistent with the animal!s 

task learning. Logistic regression provides an estimate of the animal!s 

learning curve and a framework for defining the learning trial. 

Note: do not require the monotonic assumption of the logistic 

regression model. 

              Wirth et al. (2003) Science, Smith et al. (2004) J Neurosci 
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SSM: blue 

BARS: green 

spline: red 

Probability of firing rate at time i (x-axis) > time j (y-axis) 
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Lamus et al. (2012)  

Neuroimage 

G: lead field gain matrix  

(solution of the forward problem) 
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biomechanics 
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