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Spoluautǒri, motivace, data

▸ Tzai-Wen Chiu (Dept. of Biological Science and Technology,
National Chiao Tung University, Hsinchu, Taiwan)
▸ Paul W. F. Poon
▸ Původńı motivace: model tinnitu (̌selestu v uš́ıch) u krys. Tinnitus

uměle vyvolán aplikaćı salicylátu.
▸ Nahrávaj́ı se vyvolané potenciály (Auditory Evoked Potentials)

v auditorńım kortexu.

Ð→
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Data – typické AEP
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Data

▸ Śıla vyvolaných potenciál̊u je charakterizována ve smyslu integrálu
AEP p̌res definované časové okno jako tzv. Evoked Potential
Integral, y i k , v jednotkách µV ms.
▸ Schéma exprimentu: 6 dńı kontrolńı mě̌reńı, následovně podávána

dávka salicylátu a mě̌reńı prováděna 8 dńı. 79 pr̊uchodů každý den.
▸ zvuky: tóny 10, 16 kHz (10 ms) a širokospektrálńı signál (klik,

klepnut́ı 0,01 ms)
▸ postupně se měńıćı intenzita zvuku, tk , od −15 do 75 dB SPL.
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Data – typické AEP
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Data – typické AEP
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Data (detail)

10k, SS−1, 79 trials
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Vyhlazovaćı splajny

Báze: B-splajny B j(t)

Reprezentace EPI:

x i(t) =
N
∑
j=1

c i jB j(t), i = 1, . . . , n

Penalizovaná chyba:
n
∑
i=1

K
∑
k=1

[y i k − x i(tk)]2 + λ ∫ tK

t0
[ d2

dt2
x i(t)]

2

dt Ð→ min
c i j

GCV:
n
∑
i=1

K
∑
k=1

[y i k − x i(tk , λ, − k)]2 Ð→ min
λ

Analogicky, reprezentace derivace EPI:

x′i(t) =
N
∑
j=1

c′i jB j(t), i = 1, . . . , n.
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Báze
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Vyhlazená data (detail)

10k, SS−1, 79 trials
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Vyhlazená data – EPI
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Vyhlazená data – derivace EPI

con 1 con 2 con 3 con 4 con 5 con 6 SS 1 SS 2 SS 3 SS 4 SS 5 SS 7 SS 8

10k
16k

click

0 30 60 0 30 60 0 30 60 0 30 60 0 30 60 0 30 60 0 30 60 0 30 60 0 30 60 0 30 60 0 30 60 0 30 60 0 30 60

−1

0

1

2

−1

0

1

2

−1

0

1

2

sound intensity [dB SPL]

fir
st

 d
er

iv
at

iv
e 

of
 E

P
 in

te
gr

al

11/28



Vzdálenosti v FDA

▸ Vzdálenost mezi dvěma splajny x1, x2:

d0(x1, x2) =
√

∫ tK

t0
[x1(t) − x2(t)]

2
dt

d1(x1, x2) =
√

∫ tK

t0
[x′1(t) − x′2(t)]

2
dt

▸ Medián {x1, . . . , xm} je takový splajn, minimalizuj́ıćı součet
∑m

j=1 d∗(xk , x j), k = 1, . . . ,m, pro zvolenou vzdálenost d∗ = d0, d1.
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Vzdálenosti d0, d1 mezi mediány (relativńı škála)
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Rozděleńı vzdálenost́ı d0, d1 od kontrolńıch (> 20 dB SPL)
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Vyhlazená data derivace EPI (detail)
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Funkcionálńı PCA (fPCA)

x i(t) = x̄(t) +
N
∑
j=1

s i jξ j(t)

x′i(t) = x̄′(t) +
N
∑
j=1

s′i jη j(t),

Sťredńı funkce: x̄(t) = 1
n

n
∑
i=1

x i(t), resp. x̄′(t) = 1
n

n
∑
i=1

x′i(t)

Hlavńı komponenty: ξ j(t), resp. η j(t)

Skóry: s i j, resp. s′i j
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fPCA – pod́ıl vysvětleného rozptylu
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Funkcionálńı PCA (fPCA)

x i(t) ≈ x̄(t) + s i1ξ1(t) + s i2ξ2(t)

x′i(t) ≈ x̄′(t) + s′i1η1(t) + s′i2η2(t)
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fPCA – sťredńı ǩrivky (A) a hlavńı komponenty (B)
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fPCA

Jádrové odhady hustoty rozděleńı pravděpodobnosti skór̊u (S1, S2), resp.
(S′1, S′2): f̂(S1 ,S2)(u1,u2), resp. f̂(S′1 ,S′2)(u1,u2)

(s1, s2) = argmax
(u1 , u2)

f̂(S1 ,S2)(u1,u2)

(s′1, s′2) = argmax
(u1 , u2)

f̂(S′1 ,S′2)(u1,u2)

Reprezentanti:
xML(t) = x̄(t) + s1ξ1(t) + s2ξ2(t)

x′ML(t) = x̄′(t) + s′1η1(t) + s′2η2(t)
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fPCA – reprezentanti

10k 16k click

E
P

I
E

P
I derivative

0 30 60 0 30 60 0 30 60

30

60

90

0

1

2

sound intensity [dB SPL]

10k:con
10k:SS
16k:con
16k:SS
click:con
click:SS

21/28



Skóre EPI – con vs. SS
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