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Spoluautori, motivace, data

» Tzai-Wen Chiu (Dept. of Biological Science and Technology,
National Chiao Tung University, Hsinchu, Taiwan)

» Paul W. F. Poon

» Pivodni motivace: model tinnitu (Selestu v uSich) u krys. Tinnitus
uméle vyvolan aplikaci salicylatu.

» Nahrévaji se vyvolané potencidly (Auditory Evoked Potentials)
v auditornim kortexu.
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Data — typické AEP
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Data

Sila vyvolanych potenciali je charakterizovana ve smyslu integralu
AEP pres definované Casové okno jako tzv. Evoked Potential
Integral, y;x, v jednotkdch uV ms.

Schéma exprimentu: 6 dni kontrolni méfeni, nasledovné podavana

davka salicylatu a méreni provadéna 8 dni. 79 priichodii kazdy den.

zvuky: tény 10, 16 kHz (10 ms) a Sirokospektralni signal (klik,
klepnuti 0,01 ms)

postupné se ménici intenzita zvuku, t;, 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

EP integral [uV ms]
(o)) (o]
= S

[
e

30
sound intensity [dB SPL]

6/28



Vyhlazovaci splajny

Baze: B-splajny B;(t)

Reprezentace EPI:
N
xi(t) =) cijB;(t), i=1...,n
j=1
Penalizovana chyba:

525 s+ f* [ 45000 | at — min

i=1 k=1 Cij

GCV:

Mw

>3

[yix - xi(tes Ay — k)]> — min
i=1k A

1

Analogicky, reprezentace derivace EPI:

N
x,{(t):Zc;ij(t), i=1...,n.
j=1
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Baze

1.00

0.50

0.00

-is 0 15 30 45 60 75
sound intensity [dB SPL]

8/28



Vyhlazena data (detail)

10k, SS-1, 79 trials

EP integral [uV ms]
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Vyhlazena data — EPI
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Vyhlazena data — derivace EPI

first derivative of EP integral
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Vzdalenosti v FDA

» Vzdalenost mezi dvéma splajny xi, x;:

do(x1,x2) = \/ﬂotk[xl(t) = xz(t)]zdt

di(x1,%7) = \/ft:K[x{(t) - xé(t)]zdt

» Medidn {x1, ...,x,} je takovy splajn, minimalizujici soucet

ZT=1 d.(xk,xj), k=1, ...,m, pro zvolenou vzdalenost d. = dy,d;.
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Vzdalenosti d, d; mezi mediany (relativni skala)
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Rozdéleni vzdalenosti d,, d; od kontrolnich (> 20 dB SPL)
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Vyhlazena data derivace EPI (detail)
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Funkcionalni PCA (fPCA)

xi(t) = x(¢t) + Zsijfj(t)
j=1

N
xi(1) = #(8) + 3 sy (),
j=1

Sttedni funkce: (t) = & ) xi(t), resp. x'(t) = % 5 x/(t)
-1

i i=1

Hlavni komponenty: &;(t), resp. #;(t)

A o A
Skoéry: Sijr reSP. i
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fPCA — podil vysvétleného rozptylu
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Funkcionalni PCA (fPCA)

xi(t) m x(t) + & (1) +5i2&2(t)

xi(8) » 2(8) + siym(t) + sipna(t)
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fPCA — stiedni kfivky (A) a hlavni komponenty (B)
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fPCA

Jadrové odhady hustoty rozdéleni pravdépodobnosti skért (Si,S,), resp.
(S1:83): f(s1,5,) (1542), resp. f(s;,s;)(ul,uz)

(51, 52) =arg maxf(sl,sz) (M], MZ)
(ul,uz

(s1,85) = argmaxf(s{,sg)(ul,uz)
(u1,u2)

Reprezentanti:

xmr (1) = %(t) + 516 (1) +5:6,(1)

Xy (8) = X' (8) + s (¢) + 537 (¥)
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fPCA — reprezentanti
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Skére EPI — con vs. SS
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Skére EPI — tén vs. klik

tone click
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Skére derivace EPI — con vs. SS
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Skére derivace EPIl — ton vs. klik
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Skore
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Oblasti dle hloubky

10k 16k click

SAIRALIBP |43

0 30 60 0 30 60 0 30 60
sound intensity [dB SPL]

27/28



Odkazy

» Pokora O., Kolagek J., Chiu T.-W., Qiu W. (2017) Functional data
analysis of single-trial auditory evoked potentials recorded in the
awake rat. Biosystems 161, 67-75.

» Wan I, Pokora O., Chiu T.-W., Lansky P., Poon P. W. (2015)
Altered intensity coding in the salicylate-overdose animal model of
tinnitus. BioSystems 136, 113-119.

» Ferraty, F. and Vieu, P. (2006) Nonparametric functional data
analysis: theory and practice. Springer.

» Norena, A. J. (2011) An integrative model of tinnitus based on a
central gain controlling neural sensitivity. Neurosci Biobehav Rev.
35: 1089-11009.

» Wang, J.-L., Chiou, J.-M. and Miiller, H. G. (2016) Functional Data
Analysis. Annual Review of Statistics and Its Application 3 (1):
257-295.

28/28



