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State-space Model of Dynamic Spike Correlations
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Abstract— To trace active assembly activities of
neurons from multiple neural spike data, we developed
a method for estimating dynamic spike correlations by
means of a state-space analysis. Discretized parallel
spike sequences are modeled as a non-stationary multi-
variate Bernoulli process using a log-linear function (a
multinomial logit), which introduces states of higher-
order interaction terms. We constructed a recursive
Bayesian filter /smoother to estimate time-varying log-
linear parameters, and an optimization method of
hyper-parameters under the likelihood principle.

Keywords— State-space model, Log-linear model,
Information Geometry

1 00
goooooooooooooooooooonoa
gooooboboooo0oooooonobbboooo
[Hebb, 1949] . 00000000, 000000000
goooooooooobobobooo,o0ooogd
googoboooboooobooboooooboooooad
000 (O000oo0)0ooOoOoU0ooooUooooo
god. 00,0000 oooooo, d
gododoooooooobbobbbbbooooooo
gooooboboooooooooobbbuoooo
00000 [e.g. Riehle et al., Science, 1997].
goooooooooooobobobobbobb,ood
googobooboooooboboboooooboooooa
goodobo.obobo,bbod0o0oobbobbogo
oooooooo,bodobooobobooobooa
0000 (0000)000000ooooooooo
U.0ddooobbbboooooo,bbbbod
goobooooboobobooobooo. obo,ooo
ooooooooboooboboooobo,0oooooa
gobooooooboboooooooboooooo.
goobooooboboo,0bo0boboooboog
ooooooooboooboboooobo,0oooooa
gogobooboodbooboboobooobooon.
ogooooooooobobub,0o0ooooood

00000000000000 [Amari, IEEE Trans Inf
Theory, 2001]. DO0OO0O0O0O0DOOOOOOOOO
00oo0o0ooo0o0o.00o0o (Cooooo
00o0o0o0)o0o0ooo0oooooooooo,o
00000000000,0000000000000
00o0o000oo0o0oo0o0ooo0oooooo
gb.dboboooooobobobobobobo
000000,00000000000000000O0
00o000o0ooo0o0ooooooooo.

2 00O
2.1 00O0OOOOO

NOOOOOOooooooooooooooooo
0o00,00000000000 (boooooo)o
gooooobobob. oo, n0000000gd
000000000 AD0DTUOOOO (o)oooao.
Xt = (xbt xb XMho1ooo,t000000
00000 (1,000000;0,000000)00,0
I I I Y

z; (i=1,...,N)DO0OOO,x=(x1,22,...,25)0
2N OOoO0O0o00o00oo0o0ooooooo. 0o
0000000,0000000 F(x) =y, Fj; (x) =
iz, Fije (x) = xxje, (1< j<k),eec00O00O

logp (x[60:) = —1b(6:) + Ziemlwm 0;F; (x) (1)

ooo. 000, 6, = [64,...,04,,...,65 ... O
00000, 00 t000000000. %(8,) O
O000. 00, Q0 NODOO ADOOOODOO
oooo (9 = {1,2,...,N}, Qy = {12,13,...},
Q3 = {123,124,.. .}, etc). » < NOOO,r < NO
000 (1)00000000000000000. 00
9 (i€9,)0i000000000000 00000
OD000. 00000000000 nf = E[F; (x)]04]
0000000000000, 0000000 n, =
mt,...,nty,..mt,,.../00000. 0000000
0oooooo0o gy =1y FR(X)ooooo,
ye=[l . Yoy, 000000000
DO000000DOO0oODO.



Neuron 1

Underlying Rates and Pairwise Correlations

. ) A>e Flrlng Rate
/ > & 166 [Hz]
/ - \

0.3 0.4

Neuron 1 Neuron 2

50 Trials

Simulated Spike Sequences

Time [s] Pairwise correlation

Positively Correlated

Neuron 3 Neuron 4

0 Time [s] 0.5

Neuron 5 Neuron 6

Negatively Correlated

Neuron 7 Neuron 8

(c)

0 1: 000000000000 (80)00UoDOOOUODOO.

Estimated Rates and Pairwise Correlations from 200 trials

() 0000000000000 D0O0OO00

g.ol1b0obobooooobboo.obooboboobog,obooboooobob. coboboooboooboaon

00000ooO00. 00 (0)oooo (o)oooooooooooo.

(hyOOOOOUOoOoOOoOooooooo

00000 (000). () DO0DDOO0OUDOOOODDOUDOODOODOOOOD.O0ODO20000000.

2.2 0000000
0000000 yur = {y1,y2....yr}, 00000
DDD&T:{&ﬂ%“.%}DDDD,DDDDDD

H exp [n

goboooo. boooooob,goooooooa
0, =F0,_, +£t, (3)

(t=2,...,7).000¢0,0000000 QOO0
0000000000. 0000 6; ~N (,%). 00
000000000 w=[F,Q,uX000.

0000000000000 p(6ynr,w)00OO0O
00000.00000,0000000000000
000000,000000000000000000
0.00000000000000000000, EM-
0000000000000000000000000
0000000000C0. 0000,00000000
oooO0O0O00oooooO.

00000 Bayes 000000, 000000000
oooooo:

p(0ily1e) =

P (yi.7]01:7) n (yi0: — ¥)] . (2)

p (yt|0t7 }’1:t71) p (0t|y1:t71)
p (Yt|Y1:t—1)

o exp[n (yéat — 1)

1
3 (ot - 0t|t—1)/WJt1_1 (ot - 0t|t—1)]'

(4)

000, Oy—1, Wy, 00 () 0000000000
O0000000000. 00000 e, 00000
0000000, 0000000000000, OO0
0000000 (000000)000, 0000 6y,
D%ngmmgzoumummmuumwwu
~[ 56207 108 (Bely1:¢) lo,=0,,,] ' 00D, 000000
0oooooo:

04t = 0yi—1 + W1 (y: (5)

W =W, (6)

O00,0000000009(6,)000000000
On0,00000 Fisher0O0O0O0 G, OO00DOOO
O000. O (5) 0 Newton-Raphson 000 OO O0QOO.

"7t|t)
+77,Gt.

3 00

gbobooob 2000000000 800000
00000000 (0 1la)DO000O0O0O0OO0OODOOO
0O(C1b). 000D0O0O0DO0O0O0OODOODOOOUOOOO?2
0000000000 (01le). 0ODO0OO,00000
00oo0ooooo,000ooooooo ).

oooo

(1] H. Shimazaki, S. Amari, E. N. Brown, and S.
Gruen “State-space Analysis on Time-varying Cor-
relations in Parallel Spike Sequences” Proc. IEEE
ICASSP2009, 3501-3504.



