Lineare Regression: Das lineare Modell

Problemstellung am Beispiel funktioneller Kernspintomographie (fMRI)

Lineares Perceptron und Lineare Regression

Parameterschatzung

Varianzschatzung und Konfidenzintervalle

Anwendungsbeispiel fMRI-Analyse:
Hirnaktivierung als Statistische Parameterkarten (SPM)
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Anwendungsheispiel: Analyse von fMRI-Daten

Technik: funktionelle Kernspintomographie

+ ,functional Magnetic Resonance Imaging* (fMRI)

« Magnetmomente der Atome werden in einem
starken Magnetfeld angeregt (Magnetresonanz)

» Sie relaxieren in den Grundzustand zuriick

* Die Relaxation wird durch Gradientenfelder
ortsabhangig gemacht (=> Imaging)

» Die Relaxation ist abhangig von der molekularen 3 Emotion
Umgebung
-- Wasserstoffkonzentration: strukturelle MRI
-- Paramagnetische Substanzen (Hbr):
funktionelle MRI
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BOLD Signal

in fMRI experiments the BOLD signal (blood oxygen level dependent) is measured:

« At least two components: local de-oxygenation and local increase in flow
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fMRI Data Format

t=0s-3s t=3s-65 t=6s-9s t=9s-12s

P = ~d P = — P = — P = -
P P - P - P -
P ” - P 2 7 P 2 7 P ” 7

—

1 1
A1 P Dol M1 P S ol L L b
47 ~ 47 ~ A7 ~ 47 ~

¢ slice timing correction, motion correction, spatial filtering, normalization, ...

t=3s t=6s t=9s t=12s

- ” " - ” - ” - 1 ”

]

>

GLM
F-statistics

T
-2/ a4 -2 P Pl P §og ® ® ®
- “ ~ e

regions Task:
statistical parametric map ]
Py « Extract small signal
i s « Separate signal components (BOLD
) ” t from structural signal, background)

« Separate signal from noise
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Typical Experimental Task and Data Format

A Task: finger movement
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Raw data:

v EPIl scans

1 100 scans,

v 128x128 slice size, 16 slices
v Scan time: 1.6 sec

v Scan interval: 3 sec

Raw data: scan 1, slice 10
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Funktionelle Kernspintomographie: Ein Beispiel

(a) Dot-location task

: ﬁighthemisphére

. . (Haxby et al., 1994)
PD Dr. Martin Stetter, Siemens AG



Das lineare Modell

 Ausgangspunkt: Lineares Perceptron
d
y(x) = sz‘xi = WX
i=1

» Fittet Ebene (mit Gradient w)
Interessanter:

y(x)

* Lineares Perceptron mit Vorverarbeitung

yX)=h X)W, +h,(X)W, + ...+ h,(X)w,
d X Lineares Modellneuron
=" h(xX)W, 1

=11

« Perceptron mit VV ist linear in w X2

P(x)
 Aber: Nichtlinear in x Y

* Funktionen /(x) sind von Hand
vorgegeben, werden nicht gelernt

Xg

PD Dr. Martin Stetter, Siemens AG Regression: Lineares Modell 7



 Geschrieben als Regressionsmodell

A )
Aligemein: y=y+n= f(X|wW)+n

Lineares Modell: y = Zil h.(xX)w, +n

Bsp: Polynom-Fit:

(m) }

A 2 n
Yy =W, +W1X+W2x + ... w, X

« Empirische Formulierung, Design-Matrix:
Betrachte Datensatz D = {(x"", y") m=1,..,M}

1 1
y(l) h1 (X( )) hd (X( )) w, n(l)
(2) h(x® o x? w n®
y. = 1(. ) d(. ) 2+ ) y=Hw+n, (H)mi:hi(x(m))
M M
P ) UG e R (00) fowy )
Output Design-Matrix Parameter Rauschen
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 _Lernen“: ML-Parameterschatzung des besten lin. Modells

Likelihood: p(D|wW)= p(y|w)=p,(y —Hw)

Annahme: Gaussisches weiBes

(m)2
p=[Tp, ("= H(2 e [ 20]

B 1 ox _nTn
2ro2)"? P T 552

Rauschen

(y—Hw)' (y —Hw)
p(y|w)e< eXp(— >
20
« Maximume-Likelihood Parameter
0!=V_ In p(y|w)=- "H'y +w'H Hw)

>w=w"=HH)"H"y

analytisch berechenbar!

Pn
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 Schatzung der Rauschvarianz : A

Schéatzer des Rauschvektors: f/(x(m))
A A y(M) -
n=y-y

=y—Hw

=y—-H(H"H)'Hy

=: Ry

Residuum-erzeugende Matrixx R=1-H(H H)'H

A2 m=1

Schatzer Rauschvarianz: O, = -
M — (= Anz. geschitzter Parameter)

AT A
., NN

" #(R)

Q
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 Schatzung der Parametervarianz

Beobachtung:
v, inp(ylw =B gy iy owy = T o G
= In p(y | W) = —%(w—w)f B (=L w7z v )
” ~ Parametervektor folgt einer
= p(y|w) e eXp(— 7(W— vAV)TZWI (W— W)) multivariaten GauRverteilung
« Kovarianzmatrix der Parameter: 2, = G,f (HTH)_1
- Varianz des i-ten Parameters: (yiz = ((75 (HH) )i

« Geschatztes Signal-Rausch-Verhaltmis: Der Z-score

T

W W Wi
; = (i' = (Zw )}i/z — Gz(HTH)l )2

/
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off

Linear Model Analysis of fMRI Time Series

A Task: finger movement
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Raw data:

v EPIl scans

1 100 scans,

v 128x128 slice size, 16 slices
v Scan time: 1.6 sec

v Scan interval: 3 sec

Raw data: scan 1, slice 10
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fMRI Raw Images: Visual Inspection

After subtraction of second scan from the others (first frame has higher intensity)

Scan 3, slice 10 Scan 13, slice 10 Scan 83, slice Scan 93, slice

1 Strong correlated noise; correlations extend over several voxels
1 From comparison of single scans with / without task no signal visible
1 Slow drift in the head position (movement artifact in later scans)
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fMRI Time Series: Visual Inspection

Mean time series over three regions: Signal, drift, and background

0.5

v Task-related response

v linear drift present

_0.5 1 First frame has higher
values (magnetic transient?)
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General Linear Model: Design Matrix

X = matrix of time series
Principle: X = Hw+n . .
H = Design matrix
w = parameter (estimate used for t-test)

n = noise (estimate used for t-test)

Entries of design matrix used:
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entries of design matrix (dashed: haemodyn. response)
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GLM: Statistical Parametric Maps (SPM)

3 component GLM on raw data Raw t-test on raw data
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Wl(xa y) t(x, y)

1 Higher absolute t-value in GLM (due to convolution with hemodynamic response)
1 t-values along head border are suppressed in GLM (because drift is modeled)
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