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PLVx,y = 1
N |

N∑
t=1
exp(i(φx − φy))| (1)

N φx−φy

N1 N2
β α1 α2
β

N1(n+ 1) = N1(n) − βN2(n) + α1 (2)
N2(n+ 1) = N1(n) + βN2(n) + α2 (3)
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N1(n+ 1) = N1(n) − βN2(n) + α1 + f ′ (4)
f ′

f ′
f ′

f ′
SfSf

N(t) H(t)

0.428 0.4615
7.8 0.476 11

Sf f ′
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N(t) H(t)
N(t) N(t + 5)

10 N(t) A(t)
N(t) N(t + 5)
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f ′
Sff ′

6%
Sf 7

2.2 Sf

Sf 0.5

Sf
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∆f0.428 0.638 49%
4 ∆f 6% 29% 49% 72%

∆f
6% 29% 49% 72%

Sf 0.15

∆f
∆f 6%

∆f 29%

∆f 29%
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∆f 6% ∆f 29%
∆f 49%

Sf
Sf 0.9 Sf 1.1

∆f

0◦ 90◦

∆f 6%
∆f

49%

f ′

f ′′ f ′′

N1(n+ 1) = N1(n) − βN2(n) + α1 + f ′′ (5)
f ′′

y′
y

X
y′

X
y′

X → y′

y′i(t) = ∑
kεX

WXk→y′iXk (6)

X → y′

WXj→y′i (t + dt) = WXj→y′i (t) + αη. yi(t) − y′i(t)∑
kεX Xk (t)2 + σ1 .Xj (t) (7)

y′ X
y α WXj→y′ij signal−

prediction i yi i

η
∑

kεX Xk (t)2 + σ1 σ1
X

0.407
0.4318 6%

0.36 11% 0.38 6%
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fA =
0.441Hz fB = 0.83Hz fC = 1.153Hz

26.6
800

800
0.81

58 1750

0.5 3.5

X ′′

X ′′

X ′′

x

×
600 −300 300 20

X ′′

X ′′ y → X ′′
y → X ′′

X ′′i (t) = ∑
kεy

Wyk→X ′′i yk (8)

Wyj→X ′′i =
W ∗
yj→X ′′i∑

kεy W ∗
yj→X ′′i

(9)

W ∗
yj→X ′′i (t + dt) = Wyi→X ′′i (t) + ε yj Ui (10)

Ui = ∑
mεX

WXm→X ′′i Xm (11)

X ′′i X ′′ ykUiXm Wyj→X ′′i

∗

−300 300

−28.30
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−2.70

25.40

−20◦

23.33
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4
component direction-selective

neurons
component direction-selective neurons

Ai

Ai = exp−( (β−βi )2
2τ21

) ·(1 − exp−( V 2
2τ22

)) (12)
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