CHRONUX functions for signal

conditioning: removing slow fluctuations
locdetrend

N

%
remove running line fit (using local linear regression)-
continuous processes

usage: data=locdetrend(data,Fs,movingwin)

Note that units of Fs, movingwin have to be
consistent. If Fs in Hz, movingwin in secs.

# data (data as a matrix times x channels or a single
vector)

® Fs  (sampling frequency) - optional. Default 1

# movingwin (length of moving window, and stepsize)
[window winstep] - optional.

Default. window=full length of data (global detrend).
winstep=window -- global detrend
# output data: (locally detrended data)




CHRONUX functions for signal conditioning:

removing line elements (eg. 60 Hz)
rmlinesc

N

" removes significant sine waves from data (continuous
data).

usage: data=rmlinesc(data,params,p,plt,f0)

# data (data as a matrix times x channels or a single
vector)

# params structure containing parameters - has the

following fields: tapers, Fs, fpass, pad.
Note that units of Fs, fpass have to be consistent (eq. Hz)
tapers: parameters for calculating Slepian tapers,
NAtW and K, the number of tapers.
fpass: frequency band to be used
pad: padding factor for the FFT
p: p-value for F-test

fO: frequencies of lines to be removed
iIf unspecified the F statistic is used to determine
the appropriate lines for removal

# output data: (data with significant lines removed)




DFL=dorsal-frontal,left VFL=ventral-frontal,left
APL=anterior-parietal,left

5cm

Human Homo sapiens

Univ. of Wisconsin-Madizon Braim Collection

ATL=anterior-temporal,left PTL=posterior-temporal,left

MTL=medial-temporal,left (not-shown, depth electrodes)



DFR=dorsal-frontal,right VFR=ventral-frontal,right
APR=anterior-parietal.right

ATR=anterior-temporal,right PTR=posterior-temporal,right

MTR=medial-temporal,right (not-shown, depth electrodes)



Human Electrocorticography (EcoG)

N

K Recordings obtained from a patient with intractable
epilepsy undergoing evaluation for surgery (all
procedures involving patients were approved by the
IRB of the Weill Medical College of Cornell
University, NYC).

# 60 electrodes are located on the surface of the
cortex, under the dura: 6 electrodes/strip, 5
strips/hemisphere. In addition, 16 depth electrodes
(wires) are located in the middle-temporal lobe (8
wires/hemisphere).

# Recordings made while the patient performed a
simple maze navigation task.

# Sampling Rate: 500 Hz
#® Sample Duration: 8 seconds




N

Human Electrocorticography (EcoG):
Problems when recording at bedside.

L

# 60 Hz line noise (50 Hz in Europe).

# Capacitative and inductive coupling to the alternating
current used in the power distribution supplying the
hospital room, OR, laboratory. Sources: room

lighting, TVs, other medical equipment.

# Slow drifts in baseline voltage. Electrostatic charge
distributions change as patient moves in the hospital
bed.

# Transient voltage spikes generated by capacitative
discharge of electrostatic charges built up around
patient.

# Heart EKG, chest movements.
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S=2*sin(2*pi*12*t)-5*sin(2*pi*40*t)+normrnd(0,1,[1 4000])+t

N=4000 Fs=500 Hz t=(1:N)/Fs




AT L I S(t)

S(t)-LDs(t) where
LDs(t)=locdetrend(S(t),Fs)

LDs(t)




F-statistic

Original spectrum Original data
20 . .

Spectrur dB

OF

40

0 a0 100 160 200 250
frequency Hz time s

Cleaned data
BI:II:II:I T T T T T 4 T

kOO0

4000

2000

0 50 100 150 200 280 500 o 1 2 3 4 5 B 7 5
frequency Hz time s
Qriginal and cleaned spectra

rmlinesc(LDs,params,.05,’y’);
Ktapers=4; NW=(Ktapers+1)/2;

Spectrum dB

params.tapers = [NW Ktapers];

50 100 50 o0 250 params.pad = 5; params.Fs = 500;

frequency Hz

params.fpass = [0 params.Fs/2];



N

Alternative Approach for Signal

Conditioning

L

# Combine SVD with spectral analysis

#® Look for the subspace that does not contain
noise and major artifacts

# Reconstruct a set of signals from the
subspace for further analysis
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N

® >> EcoG

# Loads EcoG_dataV6.mat

should be compatible with all
versions of MATLAB, 6 and above

# Defines variables: ATR, ATL,
PTR, PRL, DFL, DFR, etc.

# Generates two figures: 1)
voltage traces for all channels
from left hemisphere; 2) same
for right hemisphere.

# 8 seconds of data shown
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E Editor - h:neuroInformatics'EcoGZ005% Ecol.
File Edit Text Cel Tools Debug Deskbop  Window  Help

File Edit “iew Insert Tools Deskkop ‘Window Help

T I AR

DedS kRaMe® €08 8O

G55
(=3
g7
(=15
(=35
a0
a1
=
93
S4
a5
=)
a7
a5
a9
100
101
10z
103
104
105

zet (goa, 'XTick!' , [0:1000:4000] ,'XTickLakel"' ,
subplot (3,3,7); plot (PTR): title('FTR']:
et (goa, 'EXTick! , [0:1000:4000] ,'ETickLakel!' ,
subplot (3,3,8); plot (ATR): title('ATR']:
et (goa, 'EXTick! , [0:1000:4000] ,'ETickLakel!' ,
setigef, ' Units', 'pixels','Position' ,sschop)
ha=gof:

figurei(hl):

display(['Type ''return'' when ready Co cot
B kevboard
close all
tgenerate 1
Yfrom the I
Single Channel from Each BrainRegion:

display(['Hit UPARROW or type ''return'' wl
kevhoard

frontal=[DFL VFL DFR VFR]: Lgroup char
temporal=[PTL ATL PTR ATE ]:

Shortcuts (7] Howe to Add 7] Wahat's Mew

X

Command Window A

E:»

I =

t:ff?ﬂﬂﬂﬂ
4

el

=

=

=

=

a3

S

>> EcoG

Type 'return' when ready to continue
Eo

1 [

41 Start | Waiting for input l_"v"

seconds

| 85 © G0~ B o o od T BN od o &1 @ mE

ATL PTL

e [RAEGPE GBI TBE

3:34 PM
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85 - set(goa, 'XTick', [0:1000:4000], 'ETickLakhel’,

g6 — subplot(3,3,7): plot(PTR); title('FTR']): APR DFR

a7 - set (goa, 'ETick!' , [0:1000: 40007, 'ETickLakbel', g 3

g8 - subplot(3,3,58): plot (ATR); title('ATR']: -\'\p—"h‘*\

89 - seti(gca, 'XTick', [0:1000:4000], 'ETickLakhel’, 1

f-h_.____._..——-—--.-...______‘__“_‘-
o0 - set(gef, ' Units', 'pixels','Position' ,sschop) D%
91 - hiZ=gcf: _“:_E=- 0 n\ﬁn‘.—\#f_,—!"“‘lw,_\‘._m

92 - figure (hl); N,

. —--_-.__—-—--"—--—.-._______ i
as 5 y \_\._,.r\\
Q4 - displayi(['Type ''return'' when ready to cot

95 - o kevhoard

96 -~ close all T S R — Y0 2 4 & =8
a7 Lgenerate 1 seconds

oz Yfrom the I MTR YFR

99 - Single Channel from Each BrainRegion;

100

101 - display(['Hit UFPARROW or type ''return'' wl

102 - kevboard

103

104 - frontal=[DFL VFL DFR VFR]: Lgroup char

108 - temporal=[PTL ATL PTE ATE ]:

Shortcuts (7] Howe to Add (7] What's Mew

1., ¥ ||Command Window a
[ » FTR
. r 3
I r
0 Y e 1 g
>

> . W\
-
=» EcaG F th‘«rql""‘"'.%:'m | ]

Type 'return' when ready to continue

EITIIHII
4

l'-“
Ex> 5 1
el - -
K1 - | o 2 4 6 B 0 2 4 6 =&
4\ Start | Waiting for input o

Ao | @ 2 @ @ © | B ] 4] 4 1B ol ol o o BIEEEY  ESaEs 30000508 wm




OFL APL

seconds

ATL PTL

4 - . . 3 . ! .

Left Hemisphere (all channels)



mV

APR
5 :
0l N
M

-10 -
0 2 4 B A
seconds
PTR
2

MTR

Right Hemisphere (all channels)



N

L

#® >> return

# Generates figure
showing one channel of
recording for each
cortical region in right
hemisphere




File Edit Text el Tools Debug Desktop  Window Help File Edit Wiew Insert Tools Desktop  Window  Help Y
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85 - setigca, 'XTick',[0:1000:4000], ' 'ETickLahel',
g6 - subplot(3,3,7): plot(PTR); title('FTR']: APR DFR
87 - setigca, 'XTick', [0:1000:4000], 'ETickLakhel', 2
g3 — subplot(3,3,8): plot (ATR); title('ATR'):
89 - setigca, 'XTick', [0:1000:4000], 'ETickLakhel', 18
a0 - set(gef, 'Units', 'pixels','Fosition' ,sschop) 156
91 -  hZ=gef:
9z - figureihl): 1.4
a3
94 - display(['Type ''return'' when ready to cot 1.2
a5 - kevboard . . . .
96 - close all “0 2 4 B B "' 2 4 & 8
o7 tgenerate 1 seconds
a5 tfrom the I MTH YRR
o9 - Single Channel from Each BrainRegion: 0 2
100
101 - display(['Hit UPAREOW or type ''return'' wl
102 - & keyboard 0.5 15
1=
= J:MATLAB =Ic
File Edit Debug Deskkop ‘Window Help -1 1
[ Ij:| & B« o | E ﬁ ‘ @ Hh:'lneurulnfu:urmaticll
Shortcuts [#] Howe to Add  [#] Yhat's Mew -15 2 4 E E D'ED 2 4 E g
.. ¥ ||Command Window A
[» -~ FTR ATR
S -0.5 15
I =
Tl ==
S B 1
E >> EcaoiG
Type 'return' when ready to continue
H Ex» return -1.5 0.5
EJ:ILI Hit UPARROW or type 'return' when ready to o
: B>
Sl L - - Y0 2 4 5 8 "0 2 4 & s
<ﬂn Start | Waiting for input IE
Mstart|| | 7] @ 2 @ @ © »|| B 2 44 44 5 B =4 aod @4 @ e[ AL BEN GO B TIBE a9



mV

APR

A i i i
A5} .
£t ]
55 :
0 2 4 B A
seconds
PTR

WTR

DFR

Right Hemisphere (one channel from each site)
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® >> return # locdetrend is run on each channel
(or uparrow) # Fs=500 Hz (sampling rate)
# movingwin = [1. 0.9]
= window length = 1 second
= window step = 0.5 seconds

@ Ex. dfrontal(:,13) =
locdetrend(frontal(:,13),Fs,movingwin);

# generates figure showing a detrended
channel, dfrontal(:,13) and the original
time series, frontal(:,13)
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120 - dparietal=locdetrend(parietal, Fs, movingwin)

121 - dMNT=locdetrend (MT, Fs, movingwin) ; frontal

122 - dbrain=[dfrontal dtemporal dparietal dMT]: 2 T T T

123

124 tfigure d:

125 tfrom the 15¢ N

128 LYoompar ing

127 - Jingle Channel Beforedfter Locdetrend;

128 -

129 - displav(['Hit UPARROW or type ''return'' wl [ Tr 7]

130 - & kevboard

131 - close all

132 D&t .

133 - locdetrend Demo;

134 % generate figure

135 % Right Hemispher 0 f f f

136 % mtsSpectrumec (dat 1] 2 4 B a

137 % after detrendir seconds

12a = mmrnmaErs itk 1

= ):MATLAB =IC

File Edit Cebug Ceskbop ‘Window Help dftontal

O = | & B« o | ﬁ ﬁ | @ | Ih:'lneumlnfnrmaticll I I I

Shartouts [Pl Howe to &dd (7] What's Mew i

1. ¥ || Command Window A

2 s ot |

I =

Tl == EcoG ;é OE

E Type 'return' when ready to continue

E Ex> return

E Hit UPARROW or type 'return' when ready to o S 7]
E»> return

EJ:ILI Hit UPARROW or type 'return' when ready to o 02k |

1 K:}} 1 1 1

| - 0 2 4 B 8

4\ Start | Waiting for input o seconds

Hstart|| | 1 @ 92 @ @ © »| W S 4 44 5 B o{ 16T AL RED SR BSLITBE  sam
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frontal(:,13)

05F

4 =
seconds

dfrontal(:,13) = locdetrend(frontal(:,13),Fs,movingwin);

0.2F

0.1

>
=

01 F

02 F

0Ot

0

4
seconds
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L

# >> | ocdetrend Deno

# |locdetrend Is run on a
channel selected from the
frontal lobe EcoG leads.

# movingwin: you will be
prompted for

= window length
= window step

# Generates a sequence of
figures illustrating
windowed samples of EcoG
signal, the signal mean and
the best fitting line to the
sample.

# Also shows how the results
of the linear regression are
locally weighted and
combined into a estimate of
the entire 8 second signal.
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120 - dparietal=locdetrend(parietal,Fs, movinhgwin) ;

121 - dMNT=locdetrend (MT, Fs, movingwin) ;

122 - dbrain=[dfrontal dtemporal dparietal dMT]:

123

124 tfigure displaving one channel

125 tfrom the Right Hemisphere ([(DFR):

128 tocomparing with detrended data using locdetrend
127 - Jingle Channel Beforedfter Locdetrend;

128

129 - displayi(['Hit UPARROW or type ''return'' when ready to continue']):

130 - & kevboard

131 - close all

132

133 - locdetrend Demo;

134 % generate figure displaving power spectra for one channel from
135 % Right Hemisphere:

138 % mbspectrums (data, params)

137 % after detrending the data with locdetrend

e _corenara itk tha datvepded time sSeries

k MATLAB -0 x|

File Edit Debug Deskiop ‘Window Help

O ﬁ'| & By B o o |ﬁ 59| @ ||h:'lneumlnfnrmaticl| J £

Shortcuts [P] Howe to Add (2] What's Mesw

LIRS | Commmand Window

.” r

>» Ecol I 5 Shorkeut ko

Type 'return' when ready to continue . bl bech
Ex> return
Hit UPARROW or type 'return' when ready to conti
Ex> return

Hit UPAREOW or type 'return' when ready to conti

"

i

H

;.

J:I—I E»> return

Choose a frontal channel to work with (1-24): | hi
KD | | b
4\ Start | Waiting for input OWR. | .

st | 22 @ @ ®

| W S 44 5 B o] e AL RED BRI SLIOE s
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120
121
122
123
124
125
1246
127
125
129
130
131
132
133
134
135
136
137

122

dparietal=locdetrend(parietal,Fs, movinhgwin) ; -:J
dMNT=locdetrend (MT, Fs, movingwin) ;
dbrain=[dfrontal dtemporal dparietal dMT]:

tfigure displaving one channel

tfrom the Right Hemisphere ([(DFR):

tocomparing with detrended data using locdetrend
Jingle Channel Beforedfter Locdetrend;

displayi(['Hit UPARROW or type ''return'' when ready to continue']):
& kevhboard
close all

locdetrend Demo;

generate figure displaving power spectra for one channel from
Fight Hemisphere;

mtspectrumns (data, params)

after detrending the data with locdetrend

Wk

morenara itk rtha datrerded time Series

k MATLAB -0 x|

File Edit Debug Deskiop ‘Window Help

O ﬁ'| & By B o o |ﬁ 59| @ ||h:'lneumlnfnrmaticl| J £

Shortcuts [P] Howe to Add (2] What's Mesw

nse a frontal chanhel to work with [(1-24): 19| hi
ﬂ‘I’ _1] | ¥
4\ Start | Waiting for input OWR. | .

Command Window

[FooG I 5 Sharkcut ko
= 'return' when ready to continue : S bich
return

UPARROW or type 'return' when ready to continue
return
TPLARROW or type 'return' when ready to continue
return

Ii!Start”J j

@@ g

| W S 44 5 B o] e AL RED WBLBSLITOE s
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1z0 - dparietal=locdetrend(parietal,Fs,movingwin) ;
121 - dMT=locdetrend (MT, Fs, movingwin) ;
122 - dbrain=[dfrontal dtemporal dparietsl dMNT]:
123
124 tfigure displaving one chanhel
125 Lfrom the Right Hemisphere (DFR):
126 Yoomparing with detrended data using locdetrend
127 - Single Channel Beforelfter Locdetrend;
125
129 - display(['Hit UFPAREOW or type ''return'' whenh ready to continue']):;
130 - & kevboard
151 - close g1l
152
155 - locdetrend Demo;
134 % generate figure displaving power spectra for one channel from
135 % Hight Hemisphere:
138 L mbspectrume (data, params)
137 % after detrending the data with locdetrend
2_coransra _tith _tha _datranded time series

=10l x|

File Edit Debug Deskkop ‘Window Help

Ij:| 4 By B « o |ﬁ ﬁ‘ @ Hh:'lneurulnfu:urmatic:sll J

Shortcuts [#] How to Acdd  [#] What's Mew

Ll Command Window

| script Ln 130 Col 1 [OWR

Type 'return' when ready to continue

.»

| Ex» return Shorkcut ko
.||l Hit UFPARROW or type 'return' when ready to continu i bcb
E K»> return

E Hit UPARROW or type 'return' when ready to continu
Kx> return

EE Choose a frontal channel to work with [(1-24): 19
EJ_'ILI length of recorded segments(secs): S

Choose a window length (secs): 1. _Ij
,_*l_' | | k
‘Start Wiaiting for input OYE v
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120 - dparietal=locdetrend(parietal,Fs, movingwin) ; ;I
121 - dlNT=locdetrend (MT, Fs, movingwin) ;

122 - dbrain=[dfrontal dtemporal dparietal dMT]:

123

124 (figure displayinhg one channel

125 tfrom the BRight Hemisphere ([(DFR):

126 toomparing with detrended data using locdetrend

127 - Single Channel Beforelfter Locdetrend;

125

129 - display(['Hit UFPARROW or type ''return'' when ready to continue']):;

130 - 8 kevboard

131 - close all

132

133 - locdetrend Demo;

134 % generate figure displaving power spectra for one channel from

135 % Right Hemisphere:

138 L mbspectrume (data, params)

137 % after detrending the data with locdetrend

122 o

crrerars itk Fhe Adastvawded Cime Series
l: MATLAB ~=10f x|

Fie Edit Debug Desktop ‘Window Help
O Ij:| 4 Bz B o o |ﬁ ﬁ| @ ||h:'lneur0|nfurmatiu:sl| J

Shortcuts [P Howe to Add  [2] Wihat's Mesw

Al Command Window A x
iy n
ELUrn

| script Ln 130 Col 1 [OWR

M |[FAREOW or type 'return' when ready to continue - Shorkeuk ko
T .llleturn e beh
E IPARROW or twype 'return' when ready to continues

E =eturn

= a frontal channel to work with (1-24): 19

EE Ih of recorded segments(secs): &

E}L’ILI = a window length (secs): 1.

= a window step =ize (secs): < window length: 5|_Ij
RT3} [ Fo s
‘-Start Whaiting for input WA

182 @ a ® 2| W Sy 4.d 5H @Y =d e &s| @i B AE AT GRS T@E s
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il Window Mumber: 1
. 1.7 T T r T
1 EcoG 1 YWeightingFunction
1: 1.65 rriean |7
i3 — it 0&tr -
. 1.6 ]
1i 0&F .
' 185 1
L 0.4 r .
g
3 15t Mﬂ . 02l 1
1: 145 L '[ I|II|| 4 1] L L I I I 1
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1 141 .
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A % ||Command Window A X

E” E»> return il

M Choose a frontal channel to work with (1-24): 19

T . length of recorded segments(secs): 8

EE Choose a window length (secs): 1.

EE Choose a window step sSi=e [(Secs); < window length:

EE Current plot held

EE Current plot released

J_'ILI Current plot held .
-

IR I3 | T [

4\ Start | Busy ovi|
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i Moving YWindow: Window = 1 secs; Winstep = 0.5secs
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1 .- .
} Ecol ' YWeightingFunction
1: 181 FinalFit | | '
il
il -
T 16 .
L
L 1.4} : 1
L
1 12 I:I 1 1 1 1 Il 1 1
1 ol 1 0 500 1000 1500 2000 2500 3000 3500 4000
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dparietal=locdetrend(parietal,Fs, movingwin) ;
dlNT=locdetrend (MT, Fs, movingwin) ;
dbrain=[dfrontal dtemporal dparietal dMT]:

(figure displayinhg one channel
tfrom the BRight Hemisphere ([(DFR):
toomparing with detrended data using locdetrend

Single Channel Beforelfter Locdetrend;

display(['Hit UFPARROW or type ''return'' when ready to continue']):;
kevboard
close all

locdetrend Demo;

generate figure displaving power spectra for one channel f£rom
Right Hemisphere;

mtspectrwmne (data, params)

after detrending the data with locdetrend

WA

crrerars itk Fhe Adastvawded Cime Series
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120 - dparietal=locdetrend(parietal,Fs, movingwin) ; ;I
121 - dlNT=locdetrend (MT, Fs, movingwin) ;

122 - dbrain=[dfrontal dtemporal dparietal dMT]:

123

124 (figure displayinhg one channel

125 tfrom the BRight Hemisphere ([(DFR):

126 toomparing with detrended data using locdetrend

127 - Single Channel Beforelfter Locdetrend;

125

129 - display(['Hit UFPARROW or type ''return'' when ready to continue']):;

130 - kevboard

131 - close all

132

133 - locdetrend Demo;

134 % generate figure displaving power spectra for one channel from

135 % Right Hemisphere:

138 L mbspectrume (data, params)

137 % after detrending the data with locdetrend
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How much detrending should be done? That
Is, how does one choose the window and
winstep parameter values?

N

L

#® The intermediate stage of detrending acts like
a low-pass filter.

# The longer the window, the ‘smoother’ the
signal will be that you subtract from your
original, and hence, the more high-frequency
content will be preserved in the residual.

@ \While its important to smooth the signal
before subtracting from the original,
remember not to smother it.

@ Simple moving averages (low-pass filtering
operations) produce significant distortions.
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# >> Remove Lines @ Multi-taper power spectra
calculated for one, right
hemisphere dorsal-frontal channel,
DFR, after detrending.

@ [S.f]=

mtspectrumc(dDFR,params)

@ with
n Ktapers=8; NW=(Ktapers+1)/2
s params.tapers=[NW Ktapers]
m params.pad=5
s params.Fs=500
m params.fpass=[0 params.Fs/2]
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L] Tafter detrendinc
40 - Etapers=5;
41 - NW=(Etapers+1)/2: dDFR
42 - params.tapers = [ NW Ktapers ]: T T T
4% - params.Fs=500; 02F y
34 - params.fpass = [ 0 params.Fs/2]:
45 — params.pad = 5;
46 — params.err=[2 .05]: 0.1+ T
47
43 - displav(['Type ''return'' when ready Co co:r = oL
49 - g kevboard pause =
50 - close all
51 3line removal us: 0.1 F -
52 tzignificant harr
53 tthese may be no:
54 tthe right hemisg 02} 7]
55 foorrection L L L
56 - dnlfrontal=rmlinesc (dDFER, params, .05, 'v'1; L 2 4 B g
57 - set(gef, ' Tnits!', 'pixels' ,'Position' ,ssrml) . seconds
=15]
59 - disnlawil ' Hit. TTRARRON At fwne ''vreturn' ' url SDFR
] Ecozm = || Remove_Lines.m  ® 3 : : : :

Shortcuts (7] Howe to Add (7] What's Mew

A % ||Command Window
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W

[: Current plot held

Current plot released

Current plot held

Current plot held

Current plot released

Current plot held

»» Remove Lines

Type 'return' when ready to continue
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L] Tafter detrendinc
40 - Etapers=5;
41 - NW=(Etapers+1)/2: dDFR
42 - params.tapers = [ NW Ktapers ]: T T T
4% - params.Fs=500; 02F y
34 - params.fpass = [ 0 params.Fs/2]:
45 — params.pad = 5;
46 — params.err=[2 .05]: 0.1+ T
47
43 - displav(['Type ''return'' when ready Co co:r = oL
49 - g kevboard pause =
50 - close all
51 3line removal us: 0.1 F -
52 tzignificant harr
53 tthese may be no:
54 tthe right hemisg 02} 7]
55 foorrection L L L
56 - dnlfrontal=rmlinesc (dDFER, params, .05, 'v'1; L 2 4 B g
57 - set(gef, ' Tnits!', 'pixels' ,'Position' ,ssrml) . seconds
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55
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- & kevhoard

zafter detrending
Ktapers=85;
MW= [(Etapers+1) /2;

params.tapers = [ NW Etapers ]:

parswms .. F=s=500;

params.fpass = [ 0 params.Fs/2]:
params.pad = 5;

params.err=[2 .05]:

displayi(['Type ''return'' when ready to cot

Lpause
close all
(line remowval u=:
Yzignificant harr
tthese mway be no:
Ythe right hemisg
Yoorrection
dnlfrontal=rmlinesc (dDFR, params, .05, 'v'1:;
set (gef, ' Tnits!', 'pixels', 'Position' ,33rml) .
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39 Taiter detrending
40 - Etapers=5:
41 - NW=(Etapers+1)/2: dDFR
42 - params.tapers = [ NW EKtapers ]: T T T
43 - params.Fs=500; 02+ -
34 - params.fpass = [ 0O params.F=/2]:
45 - params.pad = 5;
46 — params.err=[2 .05]: 01 ]
47
48 - displav(['Type ''return'' when ready to co:r o oL
49 - g kevboard pause =
50 - close all
51 3line removal us: 0.1 F .
52 tzignificant harr
53 tthese may be no:
54 tthe right hemisg D2y T
55 foorrection L L L
56 - dnlfrontal=rwlinesc (dDFER,params, .05, 'v'1; a 2 4 B 8
57 - set(gef, 'UTnits!', 'pixels' ,'FPosition' ,ssrml) . seconds
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L] Tafter detrendinc
40 - Etapers=5;
41 - NW=(Etapers+1)/2: dDFR
42 - params.tapers = [ NW Ktapers ]: T T T
4% - params.Fs=500; 02F y
34 - params.fpass = [ 0 params.Fs/2]:
45 — params.pad = 5;
46 — params.err=[2 .05]: 0.1+ T
47
43 - displav(['Type ''return'' when ready Co co:r = oL
49 - g kevboard pause =
50 - close all
51 3line removal us: 0.1 F -
52 tzignificant harr
53 tthese may be no:
54 tthe right hemisg 02} 7]
55 foorrection L L L
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N

Line-removal from one channel, dDFR.

L

#® >> return # rmlinesc(dDFR,params,.05,y’)

#® with parameters
m params.tapers =[ 4.5 8]
m params.Fs = 500
s params.fpass = [ 0 params.Fs/2]

m params.pad =5

# Note that we will use the result of the F-
test to determine which frequencies to
remove (fO is not explicitly specified),
thus we must modify the p-value to
compensate for multiple comparisons
across many frequencies. This is done
automatically in rmlinesc.
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Gl

62 %line remowval
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Relying on the F-statistic to identify line-elements requires
choosing a significance level that must then be corrected for
multiple comparisons. It is possible to discard physiology and

keep artifact.

N
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Line-removal from one channel, dDFR.

N

L

#® >> return @ rmlinesc(dDFR,params,.5,’y’)
# with

m params.tapers =[4.5 8]
s params.Fs = 500

m params.fpass = [ 0 params.Fs/2]
m params.pad =5
# Here, an unusually low value is chosen
for the F-statistic (by choosing p to be
very large, 0.5).




E Editor - h:neuroInformaktic

File  Edit

Text el Toaols Debug Deskkop  Window  Help

<) Figure 2

File  Edit

View

Insetk  Tools Desktop  Window Help

=101 x|

D HE| s R@o «|&| M F

ER[ D& kARAMe || 08| =O

ol
gl
L
63
G4
65
1]
a7y
ata]
1]
o
71
7e
73
T
=]
=
7
=

kevboard Tpause
(line removal
Ygignificant
tzignificance
Ythrow out =i
LS. FN)
get (goef, 'Tnits', 'pixels' ' Fosition' , 35r

dnlfrontal=rmlinesc (dDFE, params,

displayi(['Hit UFPARROW or type ''return'
- & keyboard Ypause
fo=a0;

*line remowval
Ythe spectrun
dnlfrontal=rwmlinesc (dDFER, params, .05, '7'
set (gef, 'Tnits!', 'pixels' ' Position' 331

displayi(['Hit UFPARROW or type ''return'

= :MATLAE

File

Edit Debug Desktop ‘Window Help

[ Ij:| & B« o |E ﬁ‘ @ Hh:'lneurulnfu:urmati

Shortcuts [#] How to Acdd  [#] What's Mew

. X

Command Window

H

bt
W

Exzﬁl_qmmm >|z‘

T

Current plot released
Current plot held
»» Remove Lines

Type 'return' when ready to continue
Ex> return

Hit UPARROW or type 'return' when ready
Ex> return

Hit UPARROW or type 'return' when ready

E=x»

K J—

tﬁ Start | Waiting for input

F-statistic Spectrum dB

spectrurn dB

Original spectrurm

50 100 150 200

frequency Hz

250

a000
4000
3000
2000
1000

100 200 300

frequency Hz
Original and cleaned spectra

400

50 100 150 200
frequency Hz

250

0.1

0.05

0.1

0.05 ¢

Criginal data

2 4 5 3
time s
Cleaned data
2 4 5] o
time s

st [ 8 2@ @ © ~|| B o 4 4d 5H BN od o @5 @ O BB [EE0EED S BBI@@ zmm



& Editor - h:neuroInformatic
File  Edit

Text Zell Toaols Debug Deskibop  Window  Help

<} Figure 2

Desktop  ‘Window  Help

File

Edit:

View

Insert  Tools

=10 x|

D E| Ry - |SAsBR De@E h|RANS[E0EH O

ol
gl
[
63
64
&5
1]
a7
ad
a9
o
71
7E
T3
T4
75
Th
7
=

kevboard Tpause

(line remowval
tzignificant
tzignificance
*throw out =i
dnlfrontal=rmlinesc (dADFR, params, .5, 'v'])
set(gcf, 'Tnits', 'pixels', ' Position' S5t

displayi(['Hit UFPARROW or type ''return'

- & kevhoard Y pause

fo=60;
*line remowval
Ythe spectrun
dnlfrontal=rmlinesc (ADFER, params, .05, 'v'
set (gef, ' Tnits!', 'pixels' ' Position' 331

displayi(['Hit UFPARROW or type ''return'

= J:MATLAE

File Edit Debug Deskkop ‘Window Help

O Ij:| & B o o |ﬁ ﬁ| @ ||h:'lneur0|nfu:urmati

Shortcuts [P Howe to Add  [2] Wihat's Mesw

. X

Command Window

M

w
W

Eltzlﬁl_qmmm ylz‘

Current plot released

Current plot held

>» Remowve Lines

Type 'return' when ready to continue
Ex> return

Hit UPARROW or type 'return' when ready
Ex> return

Hit UPARROW or type 'return' when ready
Eo>

I [

41 Start | Waiting for input

L Spectrum dB
F-statistic

Spectrurn dB

Criginal spectrum

50

100 150
frequency Hz

200

250

FO0F

BO |
a0t
40+
30t
20

&0

Criginal and cleaned spectra

100
frequency Hz

150

200

20

40
frequency Hz

all

0.1

0.05

0.1

0.05 ¢

Original data

2 4 5 3
time s
Cleaned data
2 4 B o
tirme s

HMstart| | 7] @ 2 @ @ © || W S 4 4d 5H B od o @5| @l Se| B (mr (2R AT HF R D@BE  s2mm



Relying on the F-statistic to identify line-elements requires
choosing a significance level that must then be corrected for
multiple comparisons. It is possible to discard physiology and
keep artifact.

N

100 Original data
0.1 -
S
2 80 0.05
e >
W €
H | i gy
Or 005
0 50 100 150 200 01 q 5 A 5
frequency Hz time s
Original and cleaned spectra Cleaned data
- - - 0.1 . .
A0t 0.0 |
= il
50 ¢ >
S Sl
el 005
i
07 0.1 :
0 2 4 B
-a0 b time =

0 20 40 B0 a0
frequency Hz



Line-removal from one channel, dDFR.

N

L

# >> return

# rmlinesc(dDFR,params,.05,’y’,f0)

@ with
m fO0=60Hz
m params.tapers =[ 2.5 4]
m params.Fs = 500
m params.fpass = [ 0 params.Fs/2]
m params.pad =5
# Here a single frequency is
examined, so p-value = 0.05. No
correction is made for multiple
comparisons.
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The “60 Hz” line noise is actually at
60.025 Hz. Set f0 = 60.025, and to
catch the third harmonic, set fO to
60.025 * 3 =180.075.




Line-removal from one channel, dDFR.

N

L

# >> return

# cleanDFR1=
rmlinesc(dDFR,params,.05,y’,f0)

# with
x f0 =60.025

# Then, cleanDFR2=
rmlinesc(cleanDFR1,params,.05,’y’,f0)

@ with
= f0 =180.075

# Then, cleanDFR3=
rmlinesc(cleanDFR2,params,.05,’y’,f0)

# with
x f0 =199.88
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-100 ¢

Original and cleaned spectra
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174 176 178 180 182 184 185 188 180
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199 1995 200 2005 201
frequency Hz

fO = 60.025

fO = 180.075

f0 = 199.88

Blue = original spectra

Green = cleaned spectra
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apectrurn dB

Line-removal from one channel, dDFR.

L

N

#® >> return ¢ cleanDFR=
rmlinesc(dDFR,params,.05,y’,f0)
@ with
s f0 =60.025

# But now with params.pad = 1, instead
of params.pad = 5.

Original and cleaned spectra

Pad factor controls the amount of zero-
padding that is done when calculating the
FFT. A higher pad value computes the
FFT on a finer frequency grid. If the grid
IS not of sufficient resolution it is difficult to
55 85 s s e 605 o1 615 &2 jsolate line elements in the spectra.

frequency Hz




Alternative Approach for Signal

Conditioning

N

L

# Combine SVD with spectral analysis

# Look for the subspace that does not contain
noise and major artifacts

# Reconstruct a set of signals from the
subspace for further analysis

# >>DeNoise _SVD
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FrontalR = [ DFR(:,1:6) VFR(:,1:6) ]
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Multivariate analysis

L

# FrontalR is a rectangular matrix, 4000 rows (times
samples) x 12 columns (recording channels)

# In MATLAB, we can produce a factorization of this
matrix by singular value decomposition with:

s [U,S,V] =svd(FrontalR,0);
+ Columns in U are the temporal modes of FrontalR
+ Columns in V are the “spatial” modes of FrontalR
+ diag(S) gives the singular values of FrontalR
+ “economy size” decomposition

@& >> return




Fil= Edit Text Cell Tools Debug Desktop Window Help File Edit Wiew Insert Tools Desktop ‘Window  Help u
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" 52 - hold
53 - ploti{loglo{diag(F3)),"'*%"]
54 - ylabel|'logld'); xlabel('row in 3');: Singular values for svd of FrontalR
55 - title('Singular walues for svd of FrontalR! 25 J J J J J
56 — set(gcf, 'Units', 'pixels','Position' ,sschop)
57 -  hi=gcof:
58
59 - figure(hl):
&0 2
6l - displav(['Type ''return'' when ready Co co:r
62 - & kevboard pause
&3
64 Lgenerate i
65 0f the ter 151
66 — Ktapers=:20;
67 — HNW=[(Etapers+1l)/2:
65 — params.tapers=[NW Ktapers]:
69 - parawms . Fs=500;
70 - params.fpass=[0 params.Fs/2]: [
71 - params . pad=4; %" O
E - narams . evrr=r2 _N&1: -
] Ecozm = | Remove_Linesm = || Dedoize=vDm =
‘Shortcuts [#] How to &dd (2] What's Mew
A % ||Command Window 05
E” E»> return
M Hit UPARROW or twype 'return' when ready to o
T .||l Ex> return
EEIH Hit UPARROW or type 'return' when ready to o ok
EE Ex> return
EE »> DelNoise3VD
Current plot held
EEJ_'ILI Type 'return' when ready to continue
Eo>
T

05 | | | | |
K1 — 0 B 3 10 12

41 Start | Waiting for input
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First two singular values account for ~96% of the total
variance in the data. We will compare the spectra of the
first two temporal modes with that of the other modes.
Guess is that line noise and slow fluctuation artifacts
reside in the first two temporal modes.
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L

# >> return

# Multi-taper power spectra
calculated for each of the temporal
modes in U

® [US(;,1),f] =
mtspectrumc(U(:,1),params)

#® with

n Ktapers=20; NW=(Ktapers+1)/2
s params.tapers=[NW Ktapers]

m params.pad=5

s params.Fs=500

s params.fpass=[0 params.Fs/2]
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File Edit Text Cell Tools Debug Desktop Window Help Fil= Edit Wiew Insert Tools Desktop  Window Help N
DS EH| iR ~ |5 Af 88 RAIDedE K| RANS (|08 | 8O

a2 — hold

53 - plot{loglO{diag(F3)),' %"

54 - vylabel|'loglD'); xlabel('row in 3'): Singular wvalues for svd of FrontalR

85 - title('3ingular waluezs for svd of FrontalR! 2.5 J J J J J

56 — set(gcf, 'Units', 'pixels','Fosition' ,sschop)

57 =  hi=gef:

55

59 - figure(hl):

a0 2 ]
6l - displav(['Type ''return'' when ready to co:r

62 - & kevboard pause

63

643 rgenerate i

65 z0f the ter 151 |
66 — Etapers=:20;

| - =101 x|

o8 = paraws.tapers=[NU Krapers]: Spectral Analysis of Temporal Modes

69 - paraws.Fs=500;

7O - params.fpass=[0 params.Fs/2]: _
= L MATLAB 9w =1 K|

File Edit Debug Desktop ‘Window Help

i Iﬁ:| cFo E K |ﬁ ﬁ‘ @ Hh:'lneurulnfcnrmatics:l J

Shortouts [#] Howe to &dd  [#] Wuhat's hew
a. » || Command Window A X 5r ]
E” Hit UPALARROW or type 'return' when ready to cnntinuil

M K»> return

T Hit UPARROW or type 'return' when ready to continu

&IH Ex» return 0k |
E Fx DelNoise3VD

Current plot held "

E Type 'return' when ready to continue

EJ_‘ILI K»> return

JEI 1 1 1 1 1
JET 3] 7 — AN 2 4 5 8 10 12

‘l Start | Busy

R 4

rovy in S

Mort| | &2 @ @ © *

| B S| 4 4 531 Bl of 2| @ @ S 3 i
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& Editor -
File Edit

h: neuroInformatics’ EcoG2005% DeMoiseSYD.m
Text Cell Tools Debug Deskbop  Window  Help

Edit

Wiew

Inserk

Tools

Desktop  Window  Help

=10l x|

DB E|[im@Bo (865 AR AIDS

FH&E| K RAN®(E| 0RO

oS -

=0
91 -
=l
93 -
94 -
95 -
S8 -
a7

95 -

plot (faub, loglod (Shatal:, 5] 1, "K'

plot (fsub, loglO (Shata(:,4) )1, 'm")

plot (fsub, logld (3Datal:, 511, 'c")
legend (' Temporal mode 1','mode 2', 'mode 37,
vlabel (' loglldimW=2) ")

¥xlabhel ('Hz')

title('3pectra of the first 5 temporal mode
set (gef, ' Tnits!', 'pixels', 'Position' ,33chop)

displav(['Hit UPALREOW or type ''return'' wl

939 - & kevboard

100

101 -
102 -
103 -
104 -
105 -
106 —
107 -

Trecons
FrontalRsvd=FU(3:end,3:end) *F3(3:end, 3:end)
figure Zplot o

subploti2,1,1)

plot (FrontalBswdi:, 1))

set (goa, ' Yhim' ,[-.15 .15])

setigoa, 'Ecick', [0:500:4000]7 ,'ETickLakhel',
®label('=seconds'): wlabel('mW'): title('rec

- ):MATLAB

File  Edit

Debug Deskbop  Window  Help

= | & B o o | ﬁ ﬁ | @ ||h:'lneurulnfarmatics:

Shortcuts [P] Howe to Add (2] What's Mesw

A % ||Command Window

[“. X
W

l;t:ﬂqmmmlﬁlz

Hit UPAREOW or type 'return' when ready to o
E»> return

> DelNoi=e3VD

Current plot held

Type 'return' when ready to continue

Ex> return

Current plot held

Hit UPAREOW or type 'return' when ready to o
Eo>

K —

41 Start | Waiting for input

st | 22 @ @ ®
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Spectra of the first 5 temporal modes
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® We drop the first two temporal modes and
construct a set of signals from the remaining
modes.

#® U(3:end,3:end)*S(3:end,3:end)*V(3:end,3:end)’
@ = FrontalRsvd

®>> Hit UPARROW or type return




E Editor - hineuroInformatics’ EcoG2005% DeMoi ) Figure 4 - |EI|5|

Fil= Edit Text Cell Tools Debug Desktop Window Help File Edit Wiew Insert Tools Desktop ‘Window  Help u

DEH| R o | S 6 f a0 iDedsEg MRANE € 0B 0O

9 plot (fsub, logll(Shatal:, 311, "k
a0 - plot (fsub, loglO (Shata(:,4) )1, 'm")
91 - plot(fsub, loglO(SDhatai:,5)), '] reconstructed time series
a9z - legend (' Temporal mode 1', 'mode 2', 'mode 3', 0.15 T T T T T T T
93 -  wlabel(' loglO{mV™2)"')
94 - xlabel('H=z') 0.1 F .
95 - title('3pectra of the first 5 temporal mode
S5 - set (gef, ' Tnits!', 'pixels', 'Position' ,33chop) 0.05 F -
a7
o3 - displav(['Hit UPALREOW or type ''return'' wl _“:E> 0
Q99 - kevhoard
100 LEecons
101 - FrontalRsvd=FU(3:end,3:end) *F3(3:end,5:end) Oo5r ]
10z - figure Zplot o
103 - subplot(2,1,1) O1F .
104 - plot (FrontalBswdi:, 1))
105 - setigeca, ' YLhim' ,[-.15 .15]) L L L L L L L
106 - setigeoa, 'Xtick', [0:500:4000], ' ETickLakel', o 1 2 3 4 5 b 7 g
107 - wxlabel{'seconds'); ylabel('mwv'): title('rec seconds
= L MATLAB
File Edit Cebug Ceskbop ‘Window Help spectrum of reconstructed time series
O = | & B« o | ﬁ ﬁ | @ | Ih:'lneurulnfnrmatics (= 5 I I I I
Shartouts [Pl Howe to &dd (7] What's Mew
A % ||Command Window -5
2 || >> penoisesvp - _
M Current plot held f:\i_é -7
T . Type 'return' when ready to continue =
EE Ex> return E‘J -5
EE Current plot held —
EE Hit UPAREROW or type 'return' when ready to o
E»> return =
EEJ_'ILI Done
S -10
1 1 1
'AIL ﬂ—l 0 ] 100 150 200 250
413tart| Hz

| B <l 9 4 21 B o] ol @ @ 2@ B BiE (25280 WSSO E  sem

i

Mstat||| ] @ 2 @ @ & »
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-0.05
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-10

reconstructed signal (FrontalRsvd)

1 2 3 4 ] B &
seconds
Spectrum of reconstructed signal
I T T T T |
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N

#® Note that neither locdetrend nor rmlinesc
were used in this approach to signal
conditioning.

# Yet the slow, large fluctuations in voltage

were removed as well as all the line elements
at 60.025, 180.075 and 199.88 Hz.

@ Approac
of SVD t
electrica

N IS more useful as a demonstration
nan as a method for removing the

artifacts common in EcoG

recordings.
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File Edit Text Cell Tools Debug Deskbop Window  Help N | A
Dﬁ.|c?o‘."’Jﬁ'|§|!ﬁf,|@@|¢.‘m@a|ﬁack:lﬁaseVI EE‘[DEE’E
" 89 - plot(fzulb, logllabatal:, 300, K] ‘:J
a0 - plot (fsub, loglO (Shata(:,4) )1, 'm")
91 - plot (fsub, logld (3Datal:, 511, 'c")
92 - legend (' Temporal mode 1','mode 2','mode 3','mode 4', 'mode 5')
93 -  wlabel (' loglOi(mW"zZ)"'])
94 -  Hlakhel('H=z')
95 - title('3pectra of the first 5 temporal modes')
S5 - set (gef, ' Tnits!', 'pixels' ' Position' ,sschop) !
=
o3 - displav(['Hit UPALRROW or type ''return'' when ready to continue']):
Q99 - kevhoard
1400 (reconstruct the time series
i01 - FrontalRsvd=FU(3:end,3:end) *F3(5:end, J:end) *FV(3:iend, 3:end) '
10z - figure tplot one channel of the reconstructed data
103 - subplotid,1,1)
104 - plot (FrontalBswdi:, 1))
105 - setigea, ' YLhim' ,[-.15 .15])
108 - et igoa, 'Xtick', [0:500:4000], ' XTickLabel', (0:500:4000) fparams.Fs) ;
107 - ®xlabel('seconds'): vwlabel('mVW'): title('reconstructed time series'):
+): MATLAB =10 x| =
File Edit Debug Deskiop ‘Window Help channs Lot_the |
b= | b BB o o | L= | ? | Ihj‘”eum'”f”r"”Eltics LI J DeMoiseSyD ln 88 col 1 [OvR

Shortcuts [P] Howe to Add (2] What's Mesw

AL X | Command Window A x
i m
Current plot held

Type 'return' when ready to continue gt sharkcut ko
Ex> return SR bch
Current plot held

Hit UPALRROW or type 'return' when ready to continu
Ex> return

L

T

i

-

s =x plose all

i i Jj

KD »
[ Ao

| BWlr] Gnl[dm dic] 0] O] oc] el @15] @] Be|  [REG @RFD WSBLASRTBE  4sim

Done

@@ g
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File Edit Text Cell Tools Debug Deskbop Window  Help N | A
Dlir.|c'f'o‘."’Jﬁ'|§|!ﬁf|@@|¢.‘m@a|ﬁacklﬁaseVI EE‘[DEE’E
" 89 - plot(fzulb, logllabatal:, 300, K] ;I
a0 - plot (fsub, loglO (Shata(:,4) )1, 'm")
91 - plot (fsub, logld (3Datal:, 511, 'c")
92 - legend (' Temporal mode 1','mode 2','mode 3','mode 4', 'mode 5')
93 -  wlabel (' loglOi(mW"zZ)"'])
94 -  Hlakhel('H=z')
95 - title('3pectra of the first 5 temporal modes')
S5 - set (gef, ' Tnits!', 'pixels' ' Position' ,sschop) !
=
o3 - displav(['Hit UPALRROW or type ''return'' when ready to continue']):
Q99 - kevhoard
1400 (reconstruct the time series
i01 - FrontalRsvd=FU(3:end,3:end) *F3(5:end, J:end) *FV(3:iend, 3:end) '
10z - figure tplot one channel of the reconstructed data
103 - subplotid,1,1)
104 - plot (FrontalBswdi:, 1))
105 - setigea, ' YLhim' ,[-.15 .15])
108 - et igoa, 'Xtick', [0:500:4000], ' XTickLabel', (0:500:4000) fparams.Fs) ;
107 - ®xlabel('seconds'): vwlabel('mVW'): title('reconstructed time series'):

[

File Edit Debug Deskiop ‘Window Help

Ln 102 Caol 30 [OWR

ﬁ' | CII% ‘ . K Cu | ﬁ ﬁ | @ |Ih:'Ineumlnfarmatics'lEcaGZDDS

Shortcuts [P] Howe to Add (2] What's Mesw

S Command Window

| Dehloise =YD

o -
E»> return
Current plot held
Ea-ﬂ'ﬂ Hit UPARROW or type 'return' when ready to continue

Ex> return

Ea-ﬂ' Done

*> close all
Eaﬁ >» DelNoise Demo
ilE_FILI Fegions: frontal-->1; parietal-->Z; temporal---3; medial-temporal---4
Choose & brain region to work with (1-4): 2 i
] «f | ﬂj
éstart Waiting for input W,ﬁ

I;i Start | | |

.

iR

@@ g

=2 oc.| ape AL RED WBLBSLITOE sz

4M.
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File Edit Text Cel Tools Debug Deskbop  Window  Help u | A X
DE’.|¢I|’ID‘.nﬁ‘|§|!ﬁf|a@|¢.‘ml@a|ﬁacklﬁaseVI EHDJEE’E
" 89 - plot(fzub, logldabatal:, 3]0, K] ;I
Q0 - plot (fsub, loglO(3Datai:,4)),"'m")
a1 - plot (fsub, logld (3Datal:, 511, 'c")
9z - legend (' Temporal mode 1','mode 2','mode 3','mode 4', 'mode 5')
93 - wlabel('loglO(mW"2)"'])
94 -  Hlakel|('Hz')
95 - title('3pectra of the first 5 temporal modes')
95 - set(gcf, 'Units', 'pixels', ' Position' ,sschop);
=
Q5 - displayi(['Hit UPARROW or type ''return'' when ready to continue']):
Q9 - kevboard
100 Yreconstruct the time =series
i01 - FrontalRswd=FU(3:end,3:end) *F3(3:end, J:end) *FV(3:end, 3:end) ';
i0z - figure tplot one channel of the reconstructed data
103 - subploti2,1,1)
104 - plot (FrontalRswvdi(:,1])
105 - setigea, ' YLhim' ,[-.15 .15])
106 - get (gea, 'Ztick' , [0:500:4000] , ' XTickLabel', (0:500:4000) fparams.Fa) ;
a7 - ¥label ('seconds'); vlabel('nW'): title('reconstructed time series'):;

=Tk -

File Edit Debug Deskkop ‘Window Help |

Ij: | cll% ‘ . K7 | ﬁ ﬁ | @ |Ih:'Ineurolnfu:urmatiu:s'lEu:u:uGZDDS LI J

Shortcuts [P Howe to Add  [2] Wihat's Mesw

LA X | command Window

| DehloiseSYD Ln 102 Col 30 |[OWR

- ? >» DelNoise Demo
Mt Fegions: frontal-->1; parietal-->Z; temporal---3; medial-temporal---4

EE'*&iI Choose & brain region to work with (1-4): 2
Ea'ﬂ' Should we detrend the data (¥/MN)? T
Ea-ﬂ' length of recorded segwentsisecs): 8
Ba-ﬂ‘ Choose a window length [(secs): 1.5

EHE Choose a window step sSi=Ee (Secs); < window length: .25
_|_|;| Should we rewove line-noise [(V/N12? ¥
Choose the nuwber of tapers:

c o] 4 |

‘- Start | Waiting for input

Hotart|[| A @ 2 @ @ © 7| W] Sn|[dm | Tn| D] oc| ge| @] @ G| [ EBGBE 35BS RTB@® 4w
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Fil= Edit Text Cell Tools Debug Desktop Window Help File Edit Wiew Insert Tools Desktop ‘Window  Help u
D@ RRo (S af e 0iDeda|h REQEO®|E| 08 0O
" 89 - plot(fzulb, logllabatal:, 300, K]
a0 - plot (fsub, loglO (Shata(:,4) )1, 'm")
91 - plot(fsub, loglO(SDhatai:,5)), '] Singular values for svd of chosen data
a9z - legend (' Temporal mode 1', 'mode 2', 'mode 3', 1 J J J J J
93 -  wlabel(' loglO{mV™2)"')
94 -  wlabel('Hz')
95 - title('3pectra of the first 5 temporal mode
S5 - set (gef, ' Tnits!', 'pixels', 'Position' ,33chop) 0gt .
a7
o3 - displav(['Hit UPALREOW or type ''return'' wl
Q99 - kevhoard
1400 Trecons
i01 - FrontalRsvd=FU(3:end,3:end) *F3(3:end, 3:end) 0e - n
10z - figure Zplot o
| [ ————— EEEE =101 x|
104 - plot (FrontalBswdi:, 1))
05 = set(gea, 'Thim', [-.15 .13]) Spectral Analysis of Temporal Modes -
106 - setigeoa, 'Ztick', [0:500:40007, "' E¥Tic
107 - ®label('=seconds'): wlabel|('mW'): 1 _
= L MATLAB =
File Edit Debug Deskiop ‘Window Help 02l |
= | c% E K7 | ﬁ ﬁ | @ | Ih:'lneumlnfnrmatics'lEcc
Shartouts [Pl Howe to &dd (7] What's Mew
.2 % | [Command Window
@ ? length of recorded segwents(secs): 8 ur ]
Matn Choose a window length [(secs): 1.5
Ea-ﬂ'ﬂ Choose a window step size (secs); < window
EElﬁ Should we remove line-noise (Y/MN)12? ¥
Ea-ﬂ' Choose the number of tapers: 29 02 —
Choose a padding factor: 4
Eaﬁ Choose a significance lewvel for F-test:
ilE_FILI Current plot held
1 1 1 1 1
M [ | |:I'jjflil 2 4 B 8 10 12

ﬁ Start | Busy

rovy in S

st | 22 @ @ ®

| e S ] Ad T B od ape| @15 2| 2| EF
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File Edit Text Cell Tools Debug Desktop  Window  Help File Edit Wiew Insert Tools Desktop  Window  Help u

0w B/ % oo g éf a8 BRI DSEE | KRAMS|(E(0E| 5O
TOT T Ll Lsoors Iy ¢

162

163 - figure spectra of the first 5 temporal modes

164 - plot(fsub, loglO(3CT{:, 1)) -4 T T T T

e -id Temporal mode 1
166 = plot(fsub, loglO{3CUi:,2)1,'c") T

167 = plot(fsub, loglO{3CU(:, 311, k') rmode 3

168 - plot(fsub, loglO(3CU{:, 211, 'm') mode 4 |
169 - plot(fsub, loglO{3CUi:, 511, 'c") mode 5

ivo - legend (' Temporal mode 1','wmode 2', 'mode 3',

171 = wlabel (' loglO{mV2)")

172 =  xlabel('Hz')

173 - title('3pectra of the first 5 temporal mode -
174 - setigef, ' Units', 'pixels','Position' ,sschop)

175

176

177 - display(['Type ''return'' when ready to ex:

178 - & keyhoard . 7]
179 >

150 g

151 - return; Eﬁ
] EcoGtm  ® | Remove_Linesrm  * | DelMoizeSWDim = || Detloize_Dermo.m B
‘Shortcuts [#] How to &dd (2] What's Mew

A X | [Command Window

| || choose a window step size (secs): < window ar

Mt Should we remwove line-noise (Y/N)? ¥

BE‘ Ca Choose the nuber of tapers: 9

Bﬂtﬁ Choose a padding factor: 4

BH C Choose a significance level for F-test: . A0 F

Current plot held

BH C Current plot held

ilE_’FILI Type 'return' when ready to exit

Ci' ‘I » o> 11 1 1 1 1

Al | 1] | 100 160 200 260

4!; Start | YWiaiting for ingput Hz

HMstart| | 7] @ 2 @ @ © || W aH 4 4d 5H B od o @15 @ Se| BB (22 RTE GBS D@BE s
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