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Esempio di filtraggio in banda theta [4-12Hz]
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Esempio di filtraggio in banda gamma [30-90Hz]
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&1/2,().'&1)$%1,,'$1 '

|

VA 252 IR H(H)-#) (4 18IS B((, S2H 1. 2241316 &E&HIH&E' 2, $2#!
0.8 )$S1H#248 41 RU114,2'%41(,.$,.! ‘%! *#3'&$24,.! -#! * +06$&HI5? | - #! 6'$&H! H!
14%HOH#&.1 (4%2,488S,.) #&! &H#D.&&A -.&) (4'18#%+] .| $&2,# (UBGS,2HH 3.1 &3

- $2$ 11#&RHD.&&A-#),'34 1A

|

|

FO63 #3%/$$/%!"+,'#(0/,1$ 1%+

|

E&! *+%%$&57 | 1,4-4224! -$&! *#3'&$24). H! *2$24! *'114*24! (4314*24! -$! 2,.!
(4314%. %24 $--#2#THR * +988! ($,$22.,#88$24!-$! @,.6'.%8.1#%! 9$%-$! 20.PH& !
* +%$&.! (4%! @,.6'.%8.! #&! 9$%-$! +$3RPL! #&! *+%$&.! (0.! (431,.%-.! &.!
@,.6'.9%8.! 1,.%.%2#! %.&&.! $&2,.1 9$%-.! *1.221$&4#A! ;$! *433$! -#! 6'.%2.1 2,.!
(4314%.%2#1-.2., 3H%SIH&!* +%$&.*#3'8$24A

|

"# I"H#$ LY
HINA
!
F6363 (K'OGHG[GE9'O;'E9@<GK;'?9GK;'O;'?;:9?;N9<H>
!
E! * +%0$&#ks 11, 111, F4%4] #($SD$2#! $! 1$,245.! 34-.&&#B'24 .+, *#D#! Z>C

HSDS2HBREKSYS&H H! -#! "% -$2$9$*.1 -#! * +%$&AD4.96428R!]." 4)0#1)!
$04,$24,7! FY#15,2#3.9%24! -# B(#.%8.] =#43.-#(0.IT%#D.,*#2g! -.+&# B2'-# -#
2$-ADSGAESL! -$2$9$*.1 HI (A*2#2H24N $HY%S&HE? | -#1 2,1 2418 | +#+2,$2#!
0%.&8&K#114($314! $-1 '%$! 1,4@4%-#29! -#1 CHRIR.,| 4+%6#! 2414 -#*14%HO#E.
'YoKS(6'H4#816.! (4314*2$!-$1D.%2#.. 11 -# OR 1*1 (H$*(%SAP.,| &$! (,.$8#4%.1 - &!
HI &S24, 1 -$24 - #1 2,1 241HI *A%A1 *2$24 3444 $HH-DA6'. 1 #1 1$,$3.2,#1 - #]
34- 8EASI (HIH&I* +US&HI &S24 HDSIFAYAI*2$2#1- 2. 3HY%S2H13.-#$Y%o-AH#IDS&A #!
422 % 2#-$\RI* +06$&21, $EHA

2.1 (H$*(%! * +%$&.! -$! 34-.&&$,.! H! *2$24! -.2. 3#%$241 &K% ¥6! -.&!
34- 8841 Z>! 3.-#$%2.! #&! (#2.#4! -#] 1$,#34Y@SBHa.) E%@4,3$2#4%! ), #2. #4%!
FZE)(®0.11.,3.22. -#1#%-#D#-'$,.1&K4,-#%.142 288%#3#88$% %D '%68HA4%.
|

F1rrr i

() () ———
' HIQA

J.&&$! - @#YWHBHEWQN G '=* H! &$!D#$8#4%.! *2$%-4,-.&! ,'34,.! -K#%+,.**4 1!
3.9%02,.1 [ IH#&1%'3.,4!1-#1($31#4%#!- &!*.+%$&.Al
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!

E!D$ #! * +%$&#! $%$&H#B8S2#! (4%! 6'.%24! (#2.,#4! %4%! | *2#2'#*(4%4! *.31,.! &4!
*2.%*41 D$&A,. L. &&KA,-#%.! 4224BA22$D#$! H! %.(.**$,#4! -.2.,3#%$,.! '%! 4,-#%.!
(4*2$%2.11.,'1#&134-. &&A\Z>|1* *#1D'4&.12,4D$,.1'%!34-.&&4!3.-#4! #($D$24!-$!12'22#!
#1* +0P&HA! S *ALBHA(. &2 H!*2$2$!6". &&$!-#!1,.%-.,.1(43.! D$&4, .| 61&K4,-#%.!

422#3M#U).&.D$24! #(SDS22-F2#1#1* +%$&H!1$%SHBB8S2#A
!

F636A#BIONG'@9<9?GK9'O9K'E;NDKGH>?9
I

54!*(0.3$!+.%. B&.1-. &I #3'&$24,.1H! $11,.*.%2$24#9%bH+', 1 QOA

"

o FILTRO IN
AR FILTRO IN sk
e
Vbase
non
Itrat
filtrato L L
s
FILTRO
LI MODELLO
BANDA MOlzl]iLLO Y
THETAE
GAMMA
y
Yt AR 6
Vbase
TRASFORMATA
TI?)};S&?E?&T P DI HILBERT
Y. Yor
YP
ANTI-TRASFORMATA Vya PHASE;;\Al\ggé}I"I;\L'II‘%E-PLOT
DI HILBERT G e—
Yy

|
2(345&*BY 7<-%&*=-*(%4:&A)5-*=(*-38&: (*IE2PB*3(&::)*')8)*-9(=-8 @ (&A(*(*'-38&: (*:&* T4(*) % Y6 &*=F*(:*
'-38&:-*(%4:&A

R !
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!

JAHI1P,$+,S@#! ((*#D#I!*.+'.%-41&41%(0.3$!1,414*24 14844 $1 QU *#1$% $&HBEAS
2'22#1#$**$++#1(0.11.,3.224%4! - #1 ($&(4&S9, . '€4314%.%2#! - &!* . +%$&. | *#3'&$RY!
1$,2#,.1-$#1-$2#1, . $&H#!.1&SP!, . +4&$8#4%.!- &1 &#D . &&A!- &4 1&#%+A

!

!

I"# &A#$%/5(1)+*+, '#+ )+ *(" 14+ P
|
E&!* +%$Bu)g H!&$!(4314%.%2.!-.&!* +%$&.1*#3'&$24! (0.! #(41,.1 'R 9$%-.!
# @,.6'.%8$! .((.224! &$! 95%-$! 20.2$! .| &$! 9$%-$! +$33$! . *#! #EBDS,2#,.L$&!
34-.&&8A\Z>13.-#41- #1* +%$E&H#!;57,.* %2#1%.&!-$2$9F*.!, . $&.1$!-#* 1 4*#8H#AY.

P! -.2.,3#%$8#4%.! - &&K4,-#%.! 422#34! 2, $3#2.! #&! (#2.,#4! ZE)I! #%)! 2'22#! #!
* +00S&HBEM | *2#2'H#*(.1'%! DS&A,.! 38**#34! 15, #8!PQI! 6'#%-#! 1. 4+%#! * +%$&.!
- B&.! ! (. B! '%! 34-.&8&4 Z>! -#! 6'.%24) 4,-#%.A! E&! 34-.&&4! 1. \)yg *#] #(SD$!
3.-#3%-4!#!1$,$3.2,#1422.%"2#! -$! (#$*('%! *.+%$&.!,.$&.! $%$&H#EBEUA!, DS#%0!
S5#+' $IQRI'%! * 31#4 |-#1'%!* +%$&.! #($DS24! $&#3.%2$%-4! #&! 34- &R AHAD!
(4%!"%$!*.6'.%8$!-#1,'34,.194#$%(4 A
|

Esempio di segnale ybase non filtrato e con massimo non regolato
600, T T T ]

1
A

A

Fadaadt
|' W ANV

2 200 1" Y, TR A A i

05 1
tempo [s]
x10° spettro medio

0 20 40 60 80 100 120
frequenza [Hz] |

2(345&F" *G'-%6()* =(* 48*'-38&:-*¢- *8)8* -:&,)5&A*H(8* &: A =-1* '4)* '6-AAB)* %-=(H(8* ,&")IC
5(789&A)*Yo-=(&BA-*(:*%-A)=)*O-: 7<*7)8*E(8-'A5-*=(*$*'4::>(8A-5)*-388&:-*H:483)*IP'|

|

EoBH#+, SIQRIHIL, *.962.15%(0. 1#& 1+ S@#(4]-. &&AI*1.22 A3 -#41- &I* +%$&.I1-$I (HI*#!
1'L19642%, . 18&$!11,.* %8$!-#1(4314%. %241+ 1.22, $&H1#9619$%-$120.2$!. 1#%619$%-$!+$33$!
(0.1-.D4%A! **. | &#3#%$2.AB! 9$%-$! 20.28! H! 4*(,$2$! @#E&2,3%-AH4%! %!
@HEHA ='22.14,20 1-# 4, -#%.) QI #&! (1B4-'84) - &&$! #*14*2$) #%) @,.6'. %8I

DH#HOHQBH+ $IQQA
!
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!

modulo del filtro
1.4 T T
1.2
1t . _ —

0.8

gain

0.6!
0.4
0.2!
0. — 1 L A A
0 10 20 30 40 50
frequenza (Hz) |

2(345&*1 11 )=4:)*=-1:8&*5('6) A&*(8*E5-L4-8@&*=-*E(:A5)*7<-*) T45&* & &8=AMPGENE H#

!

;$19$%-$! +$33! H! . &#3#%$2$! 3.-#$%2.!'VR @HE ='22.,14,20! -#1 4,-#%.1\! .| #%)!
S5#+" $IQM*#IL'LI4** D$,.1&$!*$! #*14*2$1#%!@,.6".%08%

!

modulo del filtro
1.4

1.2
1l =

0.8

gain

0.6
0.4
0.2

% 50 100 150

frequenza (Hz) |
2(3458*#* )=4:)*=-1:&*5('6)' A&*(8*E5-L4-8 @ &E£:RE)*7<-*)'745&*:&*,&8=&*3 & Y V0B TPH

|
KA, #%.1- | @H&2,# ' 2HEHBBS2H1 1. 14*(',$, .1 &.195%-.| HI1228286$24!D$S& ' 2$%-41!
3.-#$%2. " YKSYBEH 11, &H#IHYS, |1#&I34- &ILALREF 14+ 23 1H%) @ ,.6'. Y#8$
EQ!* +#2416' *2# @#&2, S8 DSEBIH#3A! - #1 1yg H1, ¥41434+.%.41$ &)
D$&4,.| 3$+*#341 3.-HA1 - #1* +%$&H! | SEH &&S! *.+' 962,15+ $IQRI*#1 4%+ DH'%!
* 1688 g |@HE2,$241.1(AFGHEIA!, +A8S24A
|

[P !
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Esempio di un segnale Ypase
1000

500 YNV

Ypase [1V]

L 0.5 1.5 2

1
tempo [s]
x 10 spettro medio

pxx [V2/Hz]
o
o

00 20 40 60 80 100

frequenza [Hz] |
2(3458&*3G"-%6()*=(*48*'-38&:-* g+ H(8*&: A¥t-:*'4)*'6-AASYH(8*,&") ICB (7 &9&A)*%-=(&8BA-*(:*%-A)=)*
O-:7<*7)8*E(8-'A5-*=(*$'*'4::>(8A-5)*-38&:-*H:483) " P'|*

!
e D$%-41841%1.22 1B.#4 1- &I* +%$& g HYBH+ SIQA I 1'L1%6428, .1 (43!
&$195%-$!20.2$!.1&$19$%-$!+$33$!#$%41348241$22.%'$2.A

!

!

"l BA#$%/5(1)+ 5+ H+ )L+ O")ISs P

|

E&!* +%$8. K $11,.%.%2$!&$! (4314%.%2.1-.&!* +%$&. | *#3' & $BY! 9$%-$!20.2$! .1 *#!
H($D$!-$&134-. &&AIZ>13.-#41- #1* +%$&H1:5?I1, * %211%.&!-$2$9$*.1, . $&.| @#&2, $2#!# %)
9$%-$120.2%A!

A1 HA1- K&K A, -#Y. A2 2HBAY \H& (#2. #A -1 ZEY* +%$&H | $&H @#&2,$21#%!
9$%-$! 202$11@4, %#*(.| '%BRA,.| 3$*#341 15, #1 $! MR, | 4+%H#! * +%$&.! @#&2,$24! #%!
9$%-$!20.28H!-.2.,3H%$! 6'1#%-#%134- &&A Z>!-#16' *2414 -#% 11 #! (#11$,$3.2,#!

3.-#1 (4% 2#2'#*(A%A#&) 34-.&& 4! Z>1 1.1} Al R#3.%2$%-416' %241 34-.&&4! (4%!'%$!
*6'.98%! -#!,'34, 1 9#$% (411 #1422 . Ytk +%S&Y | ['#&! (#! D$&4,.! 3$**#34! D#.%.!
14%241'+'$&.1$&! DS&A, | 3S+*#341 3 .-#4! - H* +%S&H! , SE&H @HE2, $2#1#%! 9SUEZN20. 2SA!
S#+ SIQA1'%) > 31#41-#1'%1* +%$& N, | #($D$244%!6'.*2$!1,4(.-',$ 1.!1-.&!*4!
*1.22,413.-#41-$! (‘#1*#1 1'L1%42$,.1(43.18&$!1 142.9%8$! *1.22,$&.1 *#$! (4%(.%2,$2$! #%)!
9$%-$120.24

|
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Esempio di segnale y,
200 T

y, [uv]

-200;
; 1 15 2
tempo [s]

i §penro medio

N

pxx [V2/Hz]

o2

20 40 60 80 100

frequenza [Hz] |
2(345&NG'-%6()* =(48*-388:-*1 | H(8*&:A)I*-+=-5'4)*'6-AAB)*%6-=()*H(8* & \TRBLA)*%-=(SBA*
06-A)=)*0-17<*7)B*E (8-'AB-*=(*$'*'4::>(BAZBR-HP * | *

1" &A#SY/S(1)+*+ H+)L+ () "1)*I'100! $

&1 *+0688,! Ml (S8(ALIDHEHBESN-EKSYDRS @4,3528! -#! N#89.21 $I 18,2#,.

-$EEK$%-$3.%6P4&&SH'S! @$N 1 1! | - &&S! *'$I $31#.88F! 1 AU 1,4%#3#!
13,5+, S@H!*$, gIH&E&* ABBAH (4%2, H* (A% A #1* +%$&H#! 1111 v A

1"06"8 5&(1&H.(*("&,-8&(2866& $

E&! * +%$8e! - %02#@H#(S! &K$%-$3.%624! - &&S! @S HHH(SDI! 1$,2#,. -$&
34- &&A! Z>13.-#A - #1* +%$&H| SEHAQHE 2\ BBHISYo-$! +$33$I! $! (#! #Y6! * +#241 41
2,$.1831@$*.I'2#&#88$%- 418312, $* @4, 352$!-#N#&I., 2A

A2 -HA1- &&KA,-#%.1422#341 (4% #&! ([ #2. #A-#IZE)]- #1* +%$&#!, . $&H @#&2,$2#1#%!

9$%-$! +$33$1! @4,%#*(.1'%! D$&4, .| 3$#341 1, #1 $I SAI 2. 1 4+06#1 * +06$&.| @#&2,$241 #%!
9$%-$! +$33$! *#! -.2.,3 #%$! 6'HYo-#! '%! 34-.&&A Z>! H#| 63241 4,-#%.1! # (‘#!
1$,$3.2,#1 3.-#! (4*2#2'#*(A%A) #&) 34- &&A Z>1 1.1 +.%..$,.1 %! * +%$&.| #%6! 95%-!

+$33$! *#3'&$24A! Z11&H#($%-4! &$! 2,$*@4,3$2$! -# N#&9.,2! $! 6'.%241 * +%$&..! .|
($&(48$%-4%.! &S! @$*.I! *#! HSBEYBH+ $! QAIH #8&™2$6! *.31#4! -#! ‘%!

* 406381 [($&(4&$241(4%!6' *2$11,4(. $A

M !
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Esempio di un segnale You

Z'“ H”l“” " 4"'”‘ I
1T || i “; M il “ '
| |

y,,, lrad]
o

il I|||;"|l|",, l ] ’M.H"Hl‘

0 0.2 0.4 0.6 0.8 1
tempo [s] |

2(3458*QG'-%6()*=(18*-38&:-1 |, *

FBRBA5J&6D* >>&(*,("&,-&(2&66& '
|
E&! * 40038 - Y%2H@H#(S! &K$%-$3.%624! - &&KSIHHGESIH#! (4%2,'#*(. | #%)!
@'%8H#4%.! - &&S! @1 -.&! @$224,.! -#! (4'1&HIAK! @$*.! -#1, *# #(SDS!-$&&S!
@$*.!1-.883!2,$*@4,3$2$! -#IN#&O.,2! - &! DL 2PB.%2,. 1R@$224,.! -#! (4'1&H#TBH
‘%1 1$,$3.2,41 (0.1 *.,D.I $! ,.+48$,.! &$! @4,3$! -.&! 10$*. $31&#2'-. 1&42! (0.! *#!
A B B 4068, IS8 +0S&HI'&S2A!

E%6' *24! *#3'&$24,. | &$! @4,3$! -.&! 10$$318#2"-. 1&428** +%$2$! $&!
* 40658 HI*2$2$!34-.8&$2$! (43.1'06E 'V SHAMS H$%$! $! 3.-#$! %' &EFDHYH2S!-$!!
M1$10' Al @$2240.%.! - @H%#() &$! - DHSBHAY.! *2$UEBo-#&S! @4,3B! -.&&ES!
@'%8#4%.1 H! *.31,.! 1#U! 1#$22$! $&&KS$'3.%2ELL-21%-.1 $! ,.*2 #%+. *#! $&!
H3HY'H,.| -#I DA Y'%6' 11 *#((43. 1#&! 10$*$31&#2'-. 1842! - &! * %$&M3'8&$24
-4D,.99.! #+1.((0#S$,.1&$! @4,3$!-#16' *2$! @'%8#4%. 1 DIL#((4&A4! (H*#1 $*1.22%$!'%!
(4'1&#%+!.&.D$24!.IDH#(.D. *$AI BHI#E&*2 BHADBISE (Yot * . 31#-.&&$! @4,39$!
-.&110$*. $31&#2"-. 1&421#314*2$2$11$&!D$,#$,.!-.&11$,$3 DHEOIIQ!.IORGA
|

|

Forma impostata con C=1 Forma impostata con C=3 Forma impostata con C=10
0.14 ' '
0.4 004 — ]
0.35| 012 0.035 f
0.3} 0.1 0.08
0.25} 0.08 0.025
0.2 0.02"
0.06
0.15} 0.015
0.04;
0.1} 0.01
0.05/ 0.02 0.005
0 = 0 2 o2 0 2
fase [rad] fase [rad] fase [rad] |

2(3458F RG'-%6(* =(* E)5%-* =(* 6 <GY%6: (A43E:)A* (%6) A&: (* &* 65()5(* 7)8* (:* E&AA)5-* [§B( ATE*
9-5'*=-'A5&e*DU$C*DU!C*DUS$P
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E&ID.224, 4 H!(4*2, #241#%!34-412$&.! (0.1#&!* 4386241 #*#341$**' 3$!
#&!D$&A,.!-. &&S! @'V8HAY.! + S HAFI$A%-.%2.| SD$&4, . -. &&S! @SN | 1%.884!
%2 FFA| H¥2$062. Al E&I * +%SEA*V! 422 %241 14**#.- | DS&AWNY0H &#%.$! (4%! %!
* +06$&.1:5711.,(0m!-. #HD$2#!-$I'V6$!I-#+2 #O'S#AY%.|-#11,40SOHRBIRYo-#IHE ! * +%6$8..!
D#.90.&$94,$241#%!34-412$&.1-$1$D.,.1(43.1D$&4,13.-#&I$!3.-#$! - &&.1$31#.88.!
- HI* F%SEH | SEH! QRIBRM! 03%-$! +$33BR06"1# IDS&A I 1, * %62#1%.88. SR !
- #1+ S@HESH SIQNIN0. 4%4), &$2HDHISRES!- %o*#2g!-#11,49$OHEH27! - &&S! @'%68H#4%. !
"2H#&HBBS2$! 1.1 (,.$,.1 &B! @HHYBMY! 05% B[ %SS!, #& DSIHARH(0m! #! DS&4, H-#1
(0.1%.1-. #D$%4!D. Yo+ AYMI#3. Yo #A%SDHA

2. V(A3.1HI*2$241- @HYGHR . .+ 1#%! +. %, $&.1 &K$%-$3.%624! - &&S! @$*.! -#!

1, Al2., D& D$24HE!* +% P& (H&&S$ &#.D.3.%2.1$224, YRBRA! | 3.-#41#314*2$21
#9%D.(I11.,1)! 1#((4&ANHDS&A H#1 - &!* +%$&. | *ATDAL 2.3.%2 34-' &$2#! -$&&$! @I
|| AEYBH+ SIQEIH!L, *.9%2.1'0%! % 31#4! $@ @#+',$%2.| &SIHEIBH A . GB**#.3.1$&!
* +06$&M . 11.,1)fO |
|

Confronto tra Yop © Yy PET C=1

4
= 2
o
©
= of
g
> _2j
“o 0.5 1 15 2
tempo [s]
| | ‘ |
L~ 100}
=
¥ 50]
o5 1 15 2
tempo [s] I
2(345&*‘8’D)8E5)8A)*A5§¢*! "G A p " I"H##$ 146-5*DUS"

E9Gi+ S| QORHIS@ @#8241'%! * 31441 - &&$! @$*.| HIIA . CB*#.3.1381% +%$&.
e 11.,0)fQ Al
|

Confronto tra Yop © Yya PET C=3

|

(R

Yo lrad]
o

.
N

.
of

0.5 1 15 2
tempo [s]

'S
v M

Y,a 1V

N
o

05 1 15 2
tempo [s]

2(345&*$PD)8ES)BA)*ABEH I" IM#$IK¥ | |I" I"#H#$ 1%6-5*DUM
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$31&H2'-. 184211, *.%2$! @4,2#) 4*(HE&&SBHAY#I! (0 ¥ (ABHW6 B 2H($3.%2.! (4%
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!
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(
2.1 %2 #85, | 6'$%24! &$! 1,.*.9%8$! -#! '34,.1 O#SY%(4! HO(H-SF&ES! ($1$(#2g! -.&!
* +06$8&.| H3' &S24 #1,4-,,.1 &$! @4,3$! -.&! 10$*. $31&#2'-. 1842) #314*2$23! $!
1,#4 #1154 +.%. $%4! S&('VoH! *. +%$8H! ;5 2RFBH! (4%! -#D.,*#1 D$&A #! -#! BI>I! & Yo+0#!
QR*! 1#314*2$%-41 fQEB# D'4&.! D. #@#($,.! 1., 4+%#! &#D.&&A1 -#! '34,.1 6'$%24! &S!
@4,39$! -.&! 10$*.$318#2"-. 1842 #314*2$2$! (4, #*14%-$! $! 6'.&&$! .@@.22#D$A! B#!
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BJ>fOR! 1.,1 '%$! ,.+#*2,$8#4%.! $99$*2$%8%+2',9$2$! .| BI>fO! 1., 1'%! * +%6$&..!
@4,2.3.9%2.1$&2. $24MER 2$24#1 *4%4) $11,.* %2$2:B#Ho5! QRMISH+ $! QR 1!
S+ $IOR\ WIBAF $IQRMHH2, ADSIR:A (4%!BI>FORR
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Segnale LFP simulato (SNR=100) con C=3
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Segnale LFP simulato (SNR=10) con C=3
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Segnale LFP simulato (SNR=1) con C=3
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e+, D$%-4! 5#+ $! QRM! 54+ $! QR[! .1 5#+' $I QR\II*# 1'L1-.-', 1 (0. Il $&!
H3HYo'H, .1 - &I QHDSG! -#! '34,. 1#8&) 10$*$31&#2'-. 18&42!.@@.22#DA! #*1.((0#$! 1#U!
@.-.&3.%2.! 6'.&&4 #314*2$24A! E%@$22#! (4%! BI>fO! &$! @4,3333BEEDS .
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BJI>fORRIY$! (#L! *#!1-.-'(_1 (0.1 H! 1#U! @S$(HEH 240+, .| #8! &H#D .&&A! -#! (4'184#%+! 2,$!
% +06B&HITA(A),'34, 441 #41. 22411 1348241-#+2' 9S2HA

|

F6V6R%;J?7>0D=;><9' O9K' JGHIK;HDQR>H' IG PG?;G?9" O9K' ?DN>?9'
O9KKLGK;N9<HG=;><9

2.1 %2 #$,| 6'$%24! &$! 1,.*.%8$! -.&,'34,.] $,34%#(4 | -#! $&H3.%62$8#4%4.&!

* 410658 #06(#-$! *&&$! (SLBH2Q! -.&! * +%$8.! *#B&H24 4-', 1 &3 @4,3%! -.&!

10$*. $31&#2"-. 18421#314*2$2BISI 1 #4 #1*#+.%. $Y4 $& (Yot * +U$&H! 571 *#3 &S24
(4%! 34,1 $,34%H#(&1., |-#D. *# D$&4 #! $B1#.88$!! &' %+0#! QRIH314*2$%-4!

)IQA B#! D'4&..! D. #@#( 1.,! 4+%6#$31#.88$! - &&S! *#%'*4#-. $! [R! N&'$%624! &$!

@4,39$! -.&! 10$*.$318#2"-. 1&42! #314*2$2$! (4, #*14%-$! $! 6'.&&$! .@@.22#D$A! B#!
(A%*#-., $%4! $1 2424841 #1 * 31#411 2, | D$&ASB1#.88%! ORUC! 1.,1'%! '34, !
&#.D.II[RIC!1.,I'%S$!,. +#*2 $8#4%.1$99$*2$868*2', 95231 IORRIC! 1., '%6!* +%$4&..!
@4,2.3.9%2.1$&2. $24MER2$24#1 *4%4) $11,.* %62$2:BH#H5! QR ISH+ $! QRN !
5#+',$!QPS!E%#+',$!QP"!H!,$11,.*.%2$24!#&!($*4!($&1#.88$!1$,#!$)FEUCA

Segnale LFP simulato con C 3 con Amp50Hz = 10p \Y
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6<&'-VBY66: (A4IB:)AX(%66) ARAS*-*(8* &")*&*=-'AD&*(:*BRIEH6: (A4A:)A*-EE-AALD)
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E9%bl+, $IQRDI#12 AD$IH& UK Y6$31#.885!1$,#1FR IUCA
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Segnale LFP simulato con C=3 con AmpSOHz 5opv
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Segnale LFP simulato con C=3 con Amp50Hz = 100V
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segnale simulato [+01#&+12+#8&A
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2(345&F1P*. 8&:('(*=-1:)*'6-AASPb-=() *H(8* ,&")*&* '(B(ASRE=(* 48* -38&:-* F27* ' (%4: &R (8* &: A
'(8(A5&*7)8ES)BA&A)*7)8*L4-1:)*H(8*,&")*&*=-'AB&I*=(*48*'-38&:-*5-&:-*H(8*&:A)*&*=-'A5&I"

E&I+ $@#(4!-.88%$!142.9%8$!*1.22 $&HBEHS" $IQUR#(41,.'%K$314#$!9$%-$!-#!
@,.6'.%8.W! (#L! H! -4D'24! $! @$2244401 +%$&..| *#3'&$24D$! -$88$! *433$! -#!
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%.8&K . *.31#41-#1$%$ER(D |. @ @.22'$2BV!*. +06$&.1:57!,.$8.1% JH1#24&4 @Uo!
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($*$1 &$! 1.,-#2$! - &&KHY @4, 358#4%.! 2. 31YH&! *.%*41 (0. %A% HI #06! + $-41-#
HS&H,.| $&&.! DBHEYH! -. 884 ¥1.22,41 %.&) 2IBEI@$22#! #&! *.+%$&.! ;52! %4%! H!
*DSBHAYS AU HL! #D.%62$1%D. (.| LAHOH#E.! $USEHBESY0-4! #&! * +%$&.! 2,$3#2.! &$!
2,$*@4,352%! |$D.&. B¢ 1'L! -#34*2,$,.1 .31#,#($3.%2. 1(0. | (4%D#.%.! '2#8#88$,.!
-.&8&.13420.,11$D.&.2! -#D.,*.| #%)!9$*.| $88$%-.! -# @,.6'.%8%-$! $%6$8&H88S$,.I! #%!
1$,2#(4&$, M *$! &$! 2$'&! |$D.&.2! (4%! 3fMR! 1.,! &$! 9$%28123! .1 &$! <4,&.2!
1$D.&.2! (4%! | H[R! 1.,! &$!19$%-$! +$33$! FZ11.%-#(.| ZBE&! #*'82$24! - &&KSYS&H*H!
1$D.&.21%&1* +06$&. 1 #3'&$24!*41, $! - @HY6#24) H DHSBRHES! QROL.,| &$!9$%-$!
20.2$! F#%!'%$! @#%.*2,$!-# ORI *GI1#%! (‘#1 H!,$11,.*.%2$241$%(0.!'%! (4%6@,4%24! (4%!
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paul wavelet m=40 IN+01#H&+I2+H#&A
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!

morl wavelet o =50 NIH01#&+12+#¢
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(4'1&#%+1#U! .@ @#G(R! -#*(,#3#%S$,.! -'.! &#D.&&#! -#! (4'1&#%+! .| 6'S&H#! *#$%4! #!
(4%2.%2#1(0.14*2$(4&3$%4! 41 @$D4 #*(4%4!6'.*2314 1., B84 ' $8HA4%#! *$3#%$2.!
*#1 -#D., *H@#($%4! #%! 9O* L IBBB! - &! *.+ %B&.! *#3'&P2HB&EHD . &&A! -#! '34,.]
9#$%(4FBI>G.! $&&KS$31#.883! -.&! ,'34,.! -#! $&#3.%2$8H#AT! 2.*2! (4%-422#!
(P&(A&IWA. ! (H#S*('%S!*#2'SBHAMES! (PLS(#29! -#!-#*2#%+"., .| #&! &#D .&&A! -#! (4'1&#%+!
2,3 -1 14148 358#4%#! -#! * +%P&H! *#3' &G (14%2#.%.! *.+%$&HF0.,$2#! (4%! '%!
@%$224,.! -#! (4'1&#%+! )fbl! EKKEZLBIORA! ;$! -#@@.,.%83$! #%! 2.,3#%#! -#! 10$*.
$31&#2'-. 1&42\#314*2$24!H! DH#*HOBEAHSIMON.! @4,3.!-.&!10%*. $318&#2'-.
1&42'*4%A4! #($D$2.!-$&E&P!-#*HAYD -#!1,4939#8&#27! %4 )BEL. 1)!%.1#-. %24 @#($!
&$!-. D#B8#A4%.1*2$%-$,-Al?.,1,.%-.,.1&.1-".1@4,3.1(4% @ ,4%2$9#&#||H!*2$241#314*2$241!
#%)!.%2,$39.11#&!D$&4,.!13$**#34115, #1$!0A
I

forma impostata

0.8
0.6;
T
0.4/ C=10
0.2!
03 2 -1 0 1 2 3
fase [rad] |

2(3458H#'$2)5%-=-(*6<&'\BY66: (A1) A*(%66) AGR(65()5(*8-(*AA

|

Y4314 D.-.| #9%! 5+ $! M &I-#*'+'$+8#5%8R, $! &$! @4,35! #314*2$2$! (4%! )fo! .|
6'.&&$!(4%!)fOR1%4%! H!34824%23D-1.%2,$39.1&.1@4,3.11,.*.%2$%456! 1, 4 @#&A!
$99$*2$%8$! $11#$22#2411 (0.1 (4, #*14%-11'%! &H#D.&&AM!- (4'1&H#%+! 9$A!!
F)$1#24&4) MIBK! *2$24! *(.&24! -#! .@@.22'$,.! #! 2.%2! (4% - H#! * +%$&H *#3'8&$2#!
($,$22. #88$2#! -$! '06) &#D.&&A! -#! (4'18#%+! 9$**41 1., $%$EHESS,.| #&.! (4324, 2$3.

- A &HHYo-H(H ) (4" LEMHEBS! (A%-#BH#A% .| 1#U) (#2H($) 14 HOHEHIEHBEP@H (H&..!
Yo+, IH&IGHD . &&A-HI(4'18H%+12,$!-' 1* +%$&H (4% (4'1 EANHIGSHRAIRG
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ROA#ML,.(0+)$1*+('$+#$

!

B.! *#l '2#&#88%$H1.,! &$! *#3'&$8HA% D! @'%SHAM! /4,21 1 #D$! -#! '34,. Il
P$1#24&4NG! 422.,,.334 1*.31,.1841%2 **4 | #*'&2$28)0. &8P H#H3L. & &KH#Y-#(. -#!
(4'18&H#H%+#65#+" S MRII'%! * 31#41 (4%! &K#%-#(.| <E! ($&(4&SHAYERA!* +%S&H! -#!
2. *¥218'%+0#1OR%! @$224,.)fO:

|

test indice MI (Tort no noise)

0.087;
0.086}

0.085~

— 0.084"
=
0.083}
0.082"

0.081;

0.08
0 20 40 60 80 100
prove |
2(3458#" 1G'-%66()*=(*7&:7):)* %K (6:)*=-1:>(8=(7-*10%4:*-388&{caK"™

|

El * +06$8#! ;57! *#3' &BEFD. (1! 1,4-'(4%4) - # #*8&2$2#! DS HSH&H $%(0.! (4%! ‘%!
&H#D.&&A-#),'34, 1% &&AIIL. (DHI2, S22+ +%$&H12,$1&4, 41-#D. *HATHAI1%.&!

* 4+ %21+ S@HWYBH+ $IMUIH! #14,2$24! #8) ($&(A&KHFEH (.| <E! BRI +%6$&H!

*H#3' &$21R Yo +0H QR(4%! ,'34,.1%'&&AVYIH! @#++$24! (4*2$%2.! $&! DA&U B22.1&..!
1,4D.A

|

10 test indice MI (ySIM C=8 30s no noise)

“0 20 40 60 80 100
prove |
2(3458#1 'G'-%6()*=(*7&:7):)*%4:A(6:)*=-1:>(8=(7-*10% 4:*-38@bA: &A)*

VI



) Z?E/e;e!M:1/XB/! YX";EIEJYE)E!YE!)eT?;EJ"IBTIYZ/E!BE<T;Z/E

B#! 1'L! 4. D$,.! #%5#+ $! ME (0.! *#+2.1'%$! (.,2$! D$,#$SO#&H2g! %.&&S$! *2#3$! -.&!
&HD RE&H (4'18#%+A1?.,1(431,.%-.,.15.16' *2$!4*(#&&$BH#4%.|HI248.811$59842. !
HROHY+ 1 'Vl * +%BE. ($,$22.,#88524! -$! )fb! -$! '%4! (4%! )fORI! H! %.(.**$,#4!
(4%@,4%29,.) &KA*(#&ESBHAY%.! 422.96'2$! -$! )ib! (4%! 6'.8&S! ,AFOERS 75!
(431#.,.1 6'.%24] (4%@,4%240! #142#88$! '%$! -#+2,#O'8#4%.! +$#$%S! - #! D$&4 #!
- &&KHY-#(.! -#! (4'1&HY%+1 1.,)f0! 1 1.1 )fOR! .11 $22,$D. *41 %P2+ 211 *#! - 2. 3H%S!
6'S%02416' *2.1-#+2 #O'SHAVHHSYIR, $1&4, 41-#D. *A

|

R6AG3HPIOEBH><'PG?;G<H9" 9KBI
!
2. 1#&!ID$&A, )b *#! *#3'&$%4! ORR! *.+%$EH! *#! #($D$%4! ORR! -#D.DB&4 #!
- &&K#Y-#(.! -#! (4" L&HYVMAR ¥4 *#! * +'11. 1 )TORA! E! D$&4,#! 422.%'2#! 14**4%4!
F*L L1, *.%2$2#12,$3#2.1- #1947 1&4211(43.1%. &&K . * . 31#4 DH#*#9# 8H## B VIVA!
!

Simulazione con segnali di 60s con SNR=Inf

0.08} =

+

0.01 c=8 c=10

|
2(3458##G-%6()* =(*'(%4:& @ ()85-:&A(9&* &::>(8=(7-* [&IB*'-38&: (* =(* R™ 65(9(* =(* 54%) 538 (*
)Y6:)A**)AA-8AA)*=&*$PP*-38&&*AS4AAL58*35&E (7&* 7T-8A5&:-*]*=-: (% (A&A&*=&*48*5-AA&B3):)*,:4C*7<-*
5&TT<(4=-*(*9&:)5(*A5&*(:*6B(IA-5@)*LA&5EA(:-"*F&*:(8-&*5)"&*&::>(8A-58)*=-:*5-AA&B3):)*7) (87 (=-*7)8*

:&* %-=(&B&C* %o-8A5-* :-* :(8--* 8-5-* &::-* -'A5-0h(Af* 5&665--8A&8)* (* 5-' A& &I(T BL)BUA(* -8AB)* :&*
=('A&B@EXB(*&*$"I*9):ABKBIHBA-5LARSARF-*75)7(*5)"-* (=-8A(E(7&8*RIA: (-5C* 7()]* (*9&:)5(* 7<-*
E4)5(-'7)8)*=&*L4-'A)*'6&@%)"

|
E&!+ S@H(BH#! $IMM* 30,31 (4%@.,35,.! #EH#*&2$241$22 *All (HIHH&I94 18421 -#!
)OR! (4%2.%+$! DS&MH! 3.-#$! #%@. #4,# #1.2241 $! 6'.8&&H! , SSHDKA !
HO@@.,.%8$12,$1#1-.194° 18&421%4%!1'L] S8 2$2H&AISIDH2$I11..16' *241D#.% .|
6'$%2#@#($23! $22,3D.,4! 'TFD! B#142. 5 %'R&R! 22.%2! HI (0. &.! -

%2 HO'BHAYH (AHY(H-$%411% | 6 HABH@H 288N - | H*2 HO'BHAYeH A%l -H2HY62 A
XKI *2$241 §24! -#1 2#8#88$,.1 83! D$,#$%2.! ¢.&(0! 2&201.,(0m! &.! - D#$8H#4%i#!
*2$%-5,-1 -.&&.! #*2 HO'BHAYH! DS H#S%A! (4% )| | 6'4%-# YodUHoAU . |

(A% -, $2.1(4* 256 24 A BHS! 6 FARED! 3. -#$!- HIDSA #1- +&HIHY-H#(H -#1 (4 18&HY+11.,!
)bl RA&S! - DHS8#4%.1*25% BIL-"$&3.9%62.11 1,1 ORI *#1 422 %-+4%41 #11$,$3.2,#1
%S, *SPAIEDSEA, | Al I (S8 (A&NAY-418$!* + %21 @4, 3'&F:

|

' BEREE

|

TG

! I"#$ |

HYSH *



) Z?E/e;e!M:1/XB/! YX";EIEJYE)E!YE!)eT?;EJ"IBTIYZ/E!BE<T;Z/E

E&ID$&' I-. #D$241-$812.*211'L1 **. 1$**'06241(43.12.,34%.1-#11$,$+4%. !
2, $1&.1-".1-#*2 HO'BHAYOMHY! 15, 2#(A8SSI* 2#%08#4%.12, $1#! D$&4 #! (4%!)fb! . HIOR!
1#U13$,($29$&!-#34#%0'H, .- & IDS&' 1. | *2$9#&H, .1 * 1#8&! D$&41 1 D& .1 D. #@H#($!
QKHLA2 *#1 %' &&SBI! A((H2SOHEH, | 'Y%$! *4+ 84D -BMD . L&A -H#! *#+VoH @ B(SZANHD Q)
&K#142 *#1 VIRBBS24! @#+*$24! (4% #&! (#2. #HA -#1=4%@ ., 4% L UNOR-4!
‘%! 1.,(.%2'$&.| +&49$ &= *#-., $25! -#! @& H#! 14*#2#DH#! IGPAIBA%A! *2$2.1 6'#%-#!
(&SH@H($2.! (43.] -#*2 HO'SHAYOH! -#* 240 BHYARIE -#1 *#3' &SBHAYOH! (4D .!
)IOR 1*&&.16'S&M I *2$24!- 2. 3#%6$241'% D$&4, HMED$E [ H#% @. #4, .| BIG<EY!
B&('V0.H#3' &SSHARA! ($1#28,.1 (0. |#8&! DS&A3.H#A! - &&KHYo-#(.! -#! (4'1 &H% 4!
YOR!*'1. # 16'.&&411.,1)foW! (HLI*#+%#@#($! (0.11#%! 3.-#$11$#!* +%$&#! (4%!)fOR! D#.%.!
$22, HO'H24! 'YD$&A,. -#! (4'18#%+! 1#U! .&.D$24! #+1.2241 $#! * +%$&H! (B! )fbA
1,*.%8$!-#16'*241., 4, 11%4%! D#.%.!($&(48$ 2N D$&' . A
|
|

RG6F #+,+5(1)+ *+.,(0*(&( '
|

2.1 -.2.31%$,.]  6'S&#H! #%-H#ESEHE8S,.! #%6! 34-4] 1#U! $11,4@ 4052524
(4%-42241 %! 2521 (4%! * +%$&H! *#3'&$2#! &' V3+DEDARHY! &#D.&&A! -#1 34, !
OHSY(US$,$22. #88$24! -BI>M RA! BA 1&42! 422 %612, | 4+%#! #%-#(.) $%$&H#88$24!
F<EN?;CIIXB)IM":<II<C;1.1?2BYZG*4%4| D#*HOH EBHAS MAA

|

) Simulazione con segnali di 10s con SNR=50
0.06

0.1
0.05

5 { 0.04 T g 0.05 H
= 200 2, ! ‘
- i i

3 , 0.02 B D 1 ;

- 0.05 25
2 g 0.01
1 - £ 3 ™= 4 0.4 '
C=8 C=10 C=8 C=10 C=8 C=10
x10°
0.12 25 T
T * 022 |
0.1 - 2 - |
1 H i
0.08 | { 0.2 ‘
= S15 | ! <
3 s | 1 o i
© 0.06 g)
g 0.18 ‘
0.04 |
i 05 i | 0.16 1
0.02 ‘ | ‘
1 1 1
0 - 0 0.14 s
=8 C=10 C=8 C=10 C=8 C=10 |

2(3A58#TY (%4:8@ ()8(*7)8=AK"4*'-388&: (*=(*IP"*7)8*/[dUIP6-5*3:(*(8=(7(*10C*?FZC*[G/DC*MF1C*1ZF*
2] X*7(&'T48*)Y6:)A*]*65)=)AA)*=&*$PP*9&:)5(

AN



) Z?E/e;e!M:1/XB/! YX";EIEJYE)E!YE!)eT?;EJ"IBTIYZ/E!BE<T;Z/E

ex*. , D$%-41 #&! #*'&2$24! - &&$! *#3'&$3#IAHE+S! MAIL. 1 ?BYZII*#11'L1%428,.!
(43.1#&!D$&4,! 3.-#41.8194°1&42! ,.&$2#DA! $! )flg*' &2#! 3#%4,.! #*1.224!1 $! 6'.&&A4!
,.&$2#0D8&!94°1&42! (4%!)fORAIE%! 6'.*24! ($*41%4%! 0$! *.%*41 #&! ($&(D&&! 1! 1
1.,(0m! &$! (&S #@#($BHAW!! &#HD.&&H#! -#! (4'L&HYE2S! #%D. 2#ERAH* &2$2#!

- &&KPY%SEA#I*A%A! #14 PP BIGGYIOA
!

X+ 95L ( 1IG8 ( M5X( XL5 (

QABRS \ARDR!! [A[ORA OAPROY [AKOR !

K&, &4'$Z&:)5(*=-BW&:4-*5-:&A(B(*-*'(%4:8& @ ()8(*7)8=)AA-*4*-38&: (*=(*IP"*7)8*/[dUIPIL3A5 &4 "

El #482$2#! (4%2.% 24B9BRREME *4%4! $11,*.9%62$2#! + $S@#($3.%2.! #%! *($&$!
&A+$ #23H($IBWH SIMAA
|

0
Mi PLV NESC | GLM | MVL|

Log(p-value)

-10

12

indice di coupling I
2(3458#NZ&:)5(*=-("W&:4-*5-1&A(9(*&::-*'(%4:&@()8(* 7)8=)AA-*'4*'-38&: (*=(*IP"* 7) 8* [t a&) 5 (*
"8)*-'65-"(*(8*'7&:&*:)3&5(A%(T&

!

Y$2$! &$! +,$%-.! -#@@.,. %851, *2$8#A4%HH#*1.224! $+&#] $&2UHH (1!
*(A%*H+&#P! &K' 2#&#884! -#1 2,CII <C;! 1 ?BYZ! %.&&K$%P&H*#! -.&! (4'LE&H#Y0+! -#! '%! *.+%
5?A1?.16". ¥ 241 34A2# DAV *(+&#.1-#11,4* +'#,.| RKSY S EAFHH+&/6-#(#! <EI IXB)!.

"< AK 24! 2, #%-#(#! *$,$%%4! $%$&H#B8S2#! #%! 34-4] $11,4@4%-#24! % .#! 1$,$+,9@1
B (HDH *2'-#$%-4%.) #&! (4314,2$3.%28K! D$,#S$,.! - # + $H#! &#9.,2g! - #!

* +%$&H#I*#3' &F2H#A

|

!

RO6R 2%+#$15(1)(*+.,C0* (&, ' MI%(1%+*+,,1' */%I$! "*+ '#+)+

!

?2.,1%2'-#$,.1(43.! DS, #S! (#$* ("% #%-#( .1 #%! 95* | $&E&I2S !-.&!*.+%S$&.11*4%4!*2$2.!
(431#'2.1*#3'&$8#4%#! (4% * .+ % SEFR$2H #D#!-#!,'34,.1.1&'%+0#![I' ORI! PRI QRI!
MRI!'[R!.!ORR{(#%-#AU3.1H!*2$24! D#*24! %.&1}#2484! Q' #&! 18B1&8#2'-. 1&42!
.@@.22#DA4! -#!'%! * +%$&.! &'%+4! *.+'.1 3$++#4,3.%2.! &$! @4,3$! #3$41250$!!
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51,2241 $-1 %! * +%$&.! (4,24A1 B2DH-4%4! 6'H%-#! - # D& -.(,.*(%2#!
$&E&KS'3.%02$,.I-. &&W2S - 8&&.[*H#3 &SBHAVHA!

2. A+ $2$ 1#314*2$28*4%A! *2$24 +.%. SRIRP* +%$8&H! *#3 AFDRR!
1.,1)fb!.1$&2, #IORR!1.,)fORG! 1.,14+%6'%4 k4% 41+ 2524 ($& (48$2#! + RIHEYIXE)!
L AL A% #0-#(.) HI *2$241 * +'#241 ‘@121 (4%! D$,#$%2.! c.&(0! 1.,
6'$%24@#($,.| &$!-#@ @.,. WADIREM #! (W] .! (4%)ORW!#!, &S24 BSE 1 *4%A4!
H14,2$2H9$9. & &QVIRI1-AD . 11 DS & 48! (4, HDMY% 416" &E&BS++H#4 - &&+EHSIH
H+H QH(S2HRIRYY 6'#%-# |, $11,.%.%2$%4! '%$! *#2'$8#4%.! #%! (# & -
1414&$BHAYoH1-#1% +U0SEHIV4% * 4% -#* Yo+ HOHEHA
|

[3%&$& #( X+( 1IG8 ( M5X(
( ; P $"IGPs* $"SHpPs
H( QP \A\#OR ! OAPR!
<Q PAIOR ! OAPR! NOR!
cq PRIORS! QOROQ QORA
FQ( QAORON OADROH OABRO\
EQ PHORON OABROS \AGOROH
HQ \ARDRP QAORM OAPRPR
<0Q [AGDRN \A[#ORVR OMDRS
FOQ AABOR! | MADRM MAORM

K&, & *Z&:)5(* =-(* W& A-* = -*'(%4:&@ ()8(* &* 9&5(&5-* =ABEAE-* -38&:- C* 6-5* 3:(* (8=(7(* LOC* [G/D*-*
MF1"0*9&:)5(*-9(=-8@ (&A(*(8*7)5'(9)*)8) % &3 BEBEE*

!
YSH#-$241 -89 L& IMRI*#] #(SDSIH&!* .+ %621+ S@BEHOHE. BIoA) $I A #06! (‘#1#!
D$&4 #- £ DS&'.4%A1 #14, 2$2#1#%1* ($&$I&A+$ H23H($:

|

Simulazione con segnali privi di rumore

-50 Ml

NESC
-60! GLM

soglia alpha
-70

0 50 100 150 200 250 300

lunghezza [s] 1
2(345&#'QZ&:)5(*=-(*"B®&:4-*=-1:-*'(%4:& @ () 8(*&:* BB =-1: &2 45& A&~ *'-38&:- *?-5*3:(*(8=(THO*KB*
;:41C* [GIDH8* 8-5)* -* MF1*H8* EAT'(8&* F&* :(8-&* 5)"&* )5(@@)8A&:-* 5&665--8A&*:(&* 38"
(38(E(7T&A(I(AF&:B<&

!
)4%! #! -$2#! -#89.&&SMRI! $11,.*.062$2#! #Bt+' S MAI! *#! (4%@.,3$! #&! #*+'&2$24!
$22 * 41 (#4H!(0.1#ID$&' .| ($&$%AI$&EKS'3.9023, .- ZBHS |- &I* +06$&.1$%$&HBBS24A!
B#!.DHY%(.1#%48&2,.1(0.1$&!-#1*4224)- #1ORSISIH 1'L) #($-.,.1%.8&KH#142 *#1%'&&S!

p !
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- &1 22 %211 #%! (‘#! %A% (KH! -#*2#%8#4%.! 2, #1 * +%$&#! (4% )fb! .| 6'.8&&#B£4%! )fORA!

H14,28904(43.1.%.3  1H#AWH 04" 18421 49224 -$8&.| *H#3' & SBHAUHML' $2% FOR*H%!
S5#+ ! MADHY! (#! &$! -#*2#%8#4%.1 2, S #&! ($*41)fb! .1#&! ($*41)fORIH! 1,.*.%2.1! 3$! #%!

34-41&#.D A
!

451

35}

Ml
w

25

151

Simulazione con segnali di 10s con SNR=Inf
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C=8

C=10

011

0.08¢

GLM

0.04r

0.021
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D |
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i
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i
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=

C=8

C=10

2(3458#'RY(%4:&@ ()8-*7)8*'-38&:(* =(*$P™* 65(9(*=(*549% B+ (8 ((A5&*9-5')* = A5 &ET*[G/D*-*MF't
D(&'748*,)Y6:)A**65)=)AA)*=&*$PP*9&:)5("

EQ%!5#+ SIMAS,#14, 2S5 94" 18421 AFR2H!-$&&.. 1 *#3' &$8H#AYo#{ 8BS TQRR1I#%%!
(HI&SI-H#*2#Y08H#AY%.12, 14 ($*# (AVBHER 1H! 14 224*2413$, ($2$A

x 10
g
U
i
i
] H
ST 5
= ?
§4_ T %
=
i
!
l r:—] -
2t -
i
i
A
C=8 C=10

0.07t

0.065

0.06

0.055f

0.05

0.0451

0.04f

0.035f

0.03

T
|
|

|

|
I
|
i

C=8

Simulazione con segnali di 300s con SNR=Inf

0.075F ]

0.075¢
0.07t

0.065
0.06

| = 0.055}
- |
{1 6

il
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|
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HY A#-$8.1&$! (#] @,.6'. %8S -# 4* (H&&SBHAY%.! ($39#$! Y. AERBDABE..| *(.&24! H!
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hQ\i*!!! % IOPNS
h\_bi*11% 1QRNS
hb ORi*19% '{RNS!
|
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wavelet Morlet m0=6
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wavelet Morlet 0=50
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!
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| 22+)%(&+"" 4&1*(&('O!$,!I"

- (,$%!..(1*+,, +"1)* +$\+$!'+'.100!
!
2.,18$19$%-$120. 23! FDPNSGIH!*2$241(,.$24!'%! @#&2, D $$6:$! (4% 18 (43$%! 4:
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0!"J*$;"If*(:*5&83=(*E5-L4-8@&*=-1:&*,&8=&*6&"&BA-X*8)8*)8)* A&A(*'7-: A(*(*
9&:)5(* #* -* $;* 6-57<g* 48&* ,&8=&* :-33-5%-8A-* 6(r* -'A-'&* 7)%\WFI"I*
3&5&8A('7-*48*34&=8&38)*48(A&5()*(B*A4AA&*:&*,&8=&*A<-A&"

HE's;F |* :&* E5-L4-8@&* =(* [+L4('AC* 7()]* :&* %-Af* =-1.&* E5-L4-8@&* =(*
7&%6)8&%-8AMHE4

t,&8=6&"(8=(7&*(:*A(6)*=(*E(:A5)*9):4A)C*7 (\\Kd®= &

*

?.,1 &$! 95%-$! +$33%! FQBRNSEG! #%D.(.! H! *2$24! . @R2A2R! -411#4! @#&2,$++#4!
1$**$ $&241.11$*PS**411 1.,(0m!#%!6'.*24134-41 &$! #*14*2$!#%! @,.6".%8$! #*'&2$!
3#+&#4,. AlE!(43$%-2#&#88$2#!*4%4:

|
! butter(6,25/(fs/2), ‘high' )

! butter(10,100/(fs/2), Tow' )

|

_ Nj*:>)5=(8-*=-*E(:A5)*6 8BRA¥

$PJ*:>)5=(8-*=-*E(:AL)*6 8)&") *
J*-*$PP)8)*:-*E5-L4-8@-*=(*74A)EE*(%6)' A&A-X*7)%-*6-5*.&* & 8838 A<-A&C*
N8)* A&A(* ' 7-:A(* (*9&:)5(HFSP*6-57<q*48&* ,&8=&*:-33-5%-8A-*6(r*-'A-'&*
7)%-*;J \WPP*3&5&8A('7-*48*34&=8&38)*48(A&5()*(8*A4AA&*:&*,&8%&*3&%%&"
t<(3<>* -* 1) TX8=(7&8)*5('6-AA(9&%-8A-* (:* E(CAS)* @RAY* -* (:* E((AD)** ki
6&"&W") *

El1$,$3.2,#! #($D$2#!-$& &P @' Y@ARDB! W4 %4 !-$2#!#% ! #%+,. **41$& &S @'Y (2#4%!
ECAE(CA#Z/,Z=11(0.11.,3.22.1-#1422.%.,.I'%! @#&2 ,$++#41$! @ $*.1%'&&$I!6'#%-#!

* %8$!-#*24 *#A%#41*0#@2!2.314,$&H#!- . &M +%$&.A

!

!

A+ 102 @

!

K'.*2$! @'%8#4%. 1 H!*2$2$! (,.$2$! 1., *2,$,,.I #! D.224:106.&! (4-#(.:V63.! ++P6.&!
(4-#(.:! Y.G-$!'%! *.+%$&.! ;5APW! **$! #(.D.1#%! #%+,. 41 #&! * +%§R6! &$! *'$!
@,.6".%8%!-#!($31#4%$3.%28A

!



Z??7XIYE)X!=
!

1 function [Xp,xA]=phaseAmp(y,fs)

2

3 %phase theta (xp)

4 [b,a]=butter(3,[3.5 12.5]/(fs/2), '‘bandpass' );
5 ytheta=filtfilt(b,a,y);

6 H=hilbert(ytheta);

7 xp=angle(H);

8

9 %amplitude gamma (xA)

10 [b,a]=butter(6,25/(fs/2), ‘high' );
11 tmp=filtfilt(b,a,y);

12 [b,a]=butter(10,100/(fs/2), Tow' );
13 ygamma=filtfilt(b,a,tmp);

14 H=hilbert(ygamma);

15! xA=abs(H);

|

Z&&S! #+$! [ #&! * +%BRI @#E&2,$24! #%! 9$%-$! 20.2$1! 42D, %, HM.&! (4-#(.:!

+A<-ABI '"2#8HBBSY-41 #&! @#&2,4) -#! ='22.]4,200 #! 4,-#%.! Q! - @H#%H24! $&&S! H#+$!
1,.(.-.%2.A! B'((:##D$3.%2.1! $&&.! #+0.1 \ ! -$8&$! @$*.! -.&&S$! 2,$*@4,3$2$! -#!
N#&O.,21-.&!* +%$&A<-A&H! #(SDH&! D.224YRAI Z&&S! #+$! OQIHH 422#.% 1 #&!* +%S$E&..

iugn 1F%.&1 (4-#(.+3&%%E& 3.-#$%2.! #&! @H#&2,$++H4F (40! -'.| @H&2H! -#!
='22.14,20!-. @#%#2#$&&.) #+0.|OR!.|OPA! Y$& !+ 388688 #! #($SDRB&(48$%-4!

#8134-'841- &&SIV'$I2, $*@4,3$2$!-#IN#ED#20.IOND[GI1#&!D. 22, A

|

|

0(&12®"
|

31 @'%BHAYRDT)A6" Y TSE (48B! &KHYo-H(.| <E1-H1'061* +%6$8.1 1#31&.3.%2$! &3 @4, 3 &SI
FOOGA!>#(.D.1#061#%+, *A1#&* +HBEOI1&SI*'S! @,.6'.968$!-# ($31#4%$3.%6241.1 @$!
*AIS&IFAIHY2. %4)- &ES! @ 'VBB4BS-1%66"%!1., | #(SDS,.1#ID.224 #L.! + A

function MI=MlIcoup(y,fs)
[Xp,xA]=phaseAmp(y,fs);

%quantizzazione fase

passo=10; %/gradi]

bin= - 180:pass0:180;

nbin=length(bin) - 1

%creazione vettore delle ampiezze medie (A)
10 Xp=xp/pi*180;  %conversione in gradi

OCOoO~NOUITA,WN BRI~ —

11 A=zeros(nbin,1); %inizializzazione vettore
12 for i=1:nbin

13 A())=mean(xA(xp>=bin(i) & xp<bin(i+1)));

14 end

15 P=A./sum(A); %normalizzazione di A

OR!
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16 %Kullback Leibler distance
17 DkI=P"*log10(nbin*P);

18
19! MI=Dkl/log10(nbin);

Z8&S$! #+$1QI*4%A41 #(SDS2#112,$34#2.1&K ' 24#8#884) - SBIUANBIBIMD 224 48

RY L &S2HDH! $&! * +%BEU! #0o+, FAA! YSRES! #+SI\ SRES! #+$! bl *#! - @HYoH* (4%4! +&
*2,.3#1(0.1, $((O#-4%A1H OHY% 1#%%6 (#1 &S @$*.|HI* - #DH* SAIE&I 1$41-#16'$%62#88$8#4% .
-.&&$! @$*.IHI*2$24! @#++$241$1 ORI 1.,'%! 24238, (BBIEDA B! QU Z&&S! #+$I ORI
D$&4,#! -.&! D.224YB*4%A4) (4%D., 24241 #%! +,$-#1 1., &$! (4*2,'8#4%.1 -.&! D.224, .1 ZAl
Y$&&S! #+$100!$8&SIOMIDH.%.1(,. $24 1 #(D.IDBA%!%'3. 41-#1.8.3.9%2#11$,#$!

8,(8! F,#+$! OOG(4D62#.94 1.,! 4+%# *41 .&.3.%241! &$! 3.-#$! - # D$&4 #! Y

(4, #*14%- %2#1$&!, &$2H#DAHY%!- &&S! @$*.IF, #+$OQGAIB'((*#D$3.%2. II8&&$! #+$10[
D#.%.1%4,3$&#88524!#%! 34-412$&.! (0.! &$! *433$! - #1 4t & 3. %624 *#$! 'Yt 2$ #$I! #]
A22#.%.) (4*V1 &$!-#*2 #O'B#A%.1-#] 1, AOSRERRS! #+$ ON*#1 ($&(4&$! &$!-#+2$%8$! -#!

j '&&9%(a! ;.#9&.,! F:Gl! (0.1 *.,D.I' %.&&K'&2#3$! #+$I! 1.,! &$! -.2.,3#%$8#4%.!

- &&K#Yo-#(.ILEA

|

|

2,Mg12®"
|

B! @'%684#4%.1 2TPA6" %N S&(A8S! &KHY-#(. 2:C! -H#1 %ol * +%$&.! | #31&.3.%628! &S|
@4,3'&%%7%a(U.1.%., . (#73%'.(,7$(173,-AI>H#(.D.1#% ! #%-+, 41 #&! * +95%E..!
$96$8#883,.1.1&$'$!@,.6'. % 8$!-#!($31#4%$3. BRA!

|

function PLV=PLVcoup(y,fs)
[Xp,xA]=phaseAmp(y,fs);

%creazione della fase dell'ampiezza ( XpA)
H=hilbert(xA);

xpA=angle(H);

%Phase Locking Value (PLV)

plv=exp(1i*(xp - XpA));

0 PLV=abs(mean(plv));

P OO~NOOTA,WNPRT

|

Z&&S! #+$! QI #(SDSY4! #! YR 2HEHESS%-4) &$! @' VoBHAY6.Y66" %Al Z&&..!

A0\ AR H(SDS$! #&! * +%B&) 6.&! (4-#(:1Y6.11 ($&(48$%-4! &$! @$*.! -.&&$!
2,$*@4,352%!-#IN#89., N-#AIE&!D.228:AH! - @#%6#241$8&S! #+$!S! - 1#% @#%.1!$8&S$! #+$
ORI #(SD$SI&KHY-#(.17;Cl-$&ID$&4, . |$*+4&'241- &&S$!*'B!3.-#SA

OM, 12 ®"'

!

'$! @'%8#4%.! <@)46"% (P&(4&S! &K#Y%-#(.! <C;! -#! '%! * +%%$&.! .! #31&.3.%2$! &$!
@4,3' &HFO\IGAI>#(.D. | #%! #%+, A1 #& ! * +96$85P0$8#88$,.! .1 &$1*'$! @,.6'.%8$! -#!
($31#4%$3.%24EA

! OR’
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fu nction  MVL=MVLcoup(y,fs)
[Xp,xA]=phaseAmp(y,fs);

V=xA.*exp(1i*xp);
MVL=abs(mean(V));

OO WNE

!
Z&&S$! #+$!Q!#!1D. 204 #Y . 1*4%A4! #($D$2#!1.,13.884!-.&&$! @'%864%5-1%6" %!
6'.*2#1* +%$&H! *4%A4! 14#! ' 2#&#88$2#! $&&S! #+B![! 1., ($& (443, BAA VHDEYURIS!

HHSNIHI-. 2. 3#%$241 & K#%-#(.1<C;1*.(4%-41&$!*'$!-. @#%o#8#4%. A
!

)+#&&12 B
|

$! @'%8#A4%.! IXBYA6" %A $&(4&S! &KHYo-#(.] IXB)! -#! '%6! * +%6$&.! .1 #31&.3.%62$! &$!
@4,3' &IOS S#(.D.1#%! #00+, A1 #&1* +96$EED0$&#88S,.1.1&$1¥$! @ ,.6'.%8$! -#!
($31#4%$3.%245A

*

function NESC=NESCcoup(y,fs)
[Xp,xA]=phaseAmp(y,fs);

%calcolo della correlazione tra cos(xp) e XA
cm=mean(cos(xp));

xAm=mean(xA);

N=length(xA);

tmp=sum((cos(xp) -cm).*(xA -xAm));

0 NESC=tmp/(N*std(cos(xp))*std(xA));

POO~NOOOITA, WNE

I

Z&&S! #+3 QI #!D.20A WY **4%4! *2 $22#! -$13.-#3$%2.1 &$! @'Y 8#HBKE'-.%6" %Al
Y$&&S! #+$I\1 $&&S! #+$! ORI H! ($&(4&$23! &$! (4,,.8$8#4%.! 2 B) HYBI# V& E!
D$&A #! 3.-#! - #! -1 * +%0S&H#! *4%4! *2$2#] *$&DS2#! #%! -'.| DS AHIH&A)HY 6 !
Y.%!1.,! Y.GI1. \#-,, 1#&!(4*241(431'2$8#4%$&.A

I

I

.0 8120

|

3! @'%8#4%.! ":7)46" Y $&(48&S! &K#Y%-#(.! ";<! -#! '%! * +%$&.! .| #31&.3.%2%! &$!
@4,3' &P\ IG\I>#(.D. | #%! #%+, A1 #& ! * +96$85P0$8#88$,.! .1 &$1*'$! @,.6'.%8$! -#!

($31#4%$3.%24EA
|

function GLM=GLMcoup(y,fs)

[Xp,xA]=phaseAmp(y,fs);

G WDN PR

G=[cos(xp),sin(xp),ones(length(xp),1)]; %modello

ORI
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6 p=inv(G*G)*G"*XA; %stima ai minimi quadrati
7 xAmod=G*p; %stima di xA modellato con xp

8 err=xA - XxAmod; %vettore dei residui

9 XAm=xA- mean(xA);

10 SSxA=sum(xAm."2);
11 SSerr=sum(err.”2);

13 GLM=sgrt((SSxA - SSerr)/SSxA);

Z8&S$! #+$1QI*4%4! ($&(4&S2#1HYB.2XAIB1-#$%2. &3] @ 'Vo8HBHE - %66 %Al Z&ES!
HESI[IHI-. @#Y0H#241#8 SANBBIGH 1$,$3.2 #1*4%A1*2H3S2# S&E&S! #+$1* (. ~#D$! (4%!
#&! 3.24-41 - # 3HYoH3H! 6'S- S2HA! Z&&.! H+DIH! ($& (48524 #&! * +%$&.) 34-.8&$24!
Y.%)= 185! (#!-#*2$%8$!-$&!*. + 96581, 4- (|1 #&!D.224, - #!, *#-'#! -5PAIZ&&.) #+0.]
*((FHD.1*4%4) ($&(4&$2.18.1%4335244. /Y. 11BB.,, *4%A4!'2#8#88$2.1$&&$! #+$!OQ!
1.,1&$1(4*2,'8#4%.1- &&KHY-#(.I": <II* (4%-41&SI* $I-. @HI6HEHAY. A

|

|

2#* 12 @

!

K'.*2$! @'%8#4%.! ($&(4&$! &K#%-#(.! -#! (4'1&#%+P2BYRBINH2,$&! Y.%*#27! 4@!
Z31&#2'-.! %D.&41GI! -$24! '%! * +%$&.! ;52H .1 &$! *$! @,.6'.%8%$! -#

($31#4%$3.9%24A
|

i function PSDA=PSDAcoup(y,fs)

2

3 [~,xA]=phaseAmp(y,fs);

4

5 %calcolo potenza spettrale

6 nfft=2"(nextpow2(fs)+1);

7 [pxx,fl=pwelch(xA,fs,[],nfft,fs, ‘onesided’ );
8

9 %indici  banda di riferimento [2 - 100]Hz
10 [~,ind2]=min(abs(f - 2));

11 [~,ind100]=min(abs(f - 100));

12 %indici banda theta [4 - 12]Hz

13 [~,ind4]=min(abs(f - 4));

14 [~,ind12]=min(abs(f - 12));

15

16 %integrali delle bande

17 pref=trapz(pxx(ind2:ind100));

18 ptheta=trapz(pxx(ind4:ind12));

19

20 PSDA=gheta/pref;

Z&&S! #+$! Ql! 3.-#3%2.! &$! @'Y0BH&XU6"% 1! *#! #($DS! #&! *.+%$&. | &$2#D4!
$&E&K#%+, FAZ &&ES! #+SI N . @@ .22'P#&! ($&(4&4!-.&&$!142.%8$!*1.22,$&.!3.-#$! (4% !4
3.24-41 c.&(01! '2#&#88%%-4! &$! @'%8#4% I HB= 16T-:7<"%! (0.!,. *2#2'#*(.! &$!
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*2#3%$1%1.22,$&AYY.I#&!,.&$2#D4!D.224,.!-.&&.| @,.6" . BBH#! $%I&HIBR! -.22$+&#4!
(43.1H!I*2$231#31#.+$23!6".*2$! @'%8#4%.:
I

tpxx,ﬂ:pwelch(xA,fs,ﬂ,nfft,fs, ‘onesided’  ); !
|

Y A*(+-388:-*=&*&8&: (@ @&5-
E¥* (:*849%-5)* =(*--06-8A(*'4* TA(* 7&:7):8&5-* 3:(*'6-AAS(* =&* %-=(&5-C*)99-5)* :&*
=458 A8=-1:&* E(8-'A5&* A-%6)58&:-* =&* 7)8'(=-5&5-"* 08'-5(5-* (:* 9&:)5-* =-1:&*
E5-L4-8@&*=(*78%66()8&%-8A)*E'*-L4(9&:-*&*(%6)' A&S-+48&*E (8 *AB&*=(*$"*
0% PhA-'A)* '(%,):)* '(* 4'&* 6-5* :>)0"()8-* =-(* B&5&%-A5(C* 7<-* (38(E(7&*
&TT-AA&S-* -* (%6)A&@()8(* =(* =-E&4:A™ 08* B&5A(7):&5-* L4-'A)* 6&5&%-A5)*
5(34&5=&* (:* 84%-5)* =(* 7&%6()8(* 7<-* 9-83)8)* 95&66)'A(* AS&* :-* 9&5(-*
E(8-'A5-"* (*=-E&4:A*:&*)95866) (@ ()8-*]*E("&A&*&*IPU"
SEEA(:* 84%-5)* =(* 7880)8(* =-*'-38&:-*'4* TA(* 7&:7):&5-* :&* AS&'E) 5%&A&* =(*
2)45(-5* 6-5* :&* 'A(%&* =-:)* '6-AAB)* =-1:&* E(8-'A5&* A-%6)5&:-"* 0:* 9&:)5-* =(*
=-E&4:A* ¥ 6&5(* &::&* B)A-8@&* =(* * '477-"(9&* &::&* :483<-@ @&* =-::&* E(8-'A5&C*
L4-'A)*'-59-*6-5*06(3:()5&5-* (:* 7)'A)* 7) %64A&@ ()8&:3&=3)5(A%)* EEA* H2& A*
2)45(-5* K5&8'E)5%* |* (BEQAA(* )AA(%(@@&A&* '-* (:* 84%-5)* =(* --%-8A(* =&*
888:(@ @&5-*]*488*6)A-8@&*=(*:I"*M:(*-:-%-8A(*7<-*-77-=)8)*:&*:483<-@ @&*=-1:&*
E(8-'A5&*9-83)8)*4A(:(@ @&A(*6-5*)* @-5)*G&*A&R)*'7-:A)*=(*%)=(E(7&5-*
L4-'A&* (%) A&@()8-*=(*=-E&4:A*6-57<(C*-"-8=)* E'USPPPC* 8EEA*'&5-,,-*' A&A)*
$P#*-*)* @-5)*68==(83*8)8*'&5-,,-*' A&A)*-EE(7&7-*7)8*"):(*#*-:-%-8A("*.::&*
5(3&* N* =-1* 7)=(7-* J* 'A&A)* LA(8=(* (%6)'A&A)* SBEEA* 6&5(* &* =4-* 6)A-8@-* =(* ;*
'"477-"(9-* &:* 9&:)5-* =(* E'* HSEEAU: PAR(@ @&8=)* :&* EA8@ (J8KF=E *
8-YAB)T;"%C*7<-*&55)A)8=8&*&:*84%-5)*(8A-5)*'477-"(9)*(:*:)3&5(A%)*(8* &' -*
*=+8406-5)*=&A)*(8*(835-"F"
E9*&*E5-L4-8@8&*=(*78%66()88&%-8A)*=-*'-38&:-*=&*&8&: (@B &5-*HY .|
1)8-(=-=>*(38(E(7&*7<-*Y *(8*(835-")*]*48*-3885-&:-*
|
Y$8&$! #+$ORISEES! #+$! OMI*4%41- 2. 3H#06$2.1&.1 14 HSHAYHEYE. BB DB+ &H!
2,341 - 8&&.1 9$%-.1*1.22,$&#! (4%*#-.,$2.:1 PN8I! ORRNSI! MNS8! .l OPN8A! E%! ,.$&2g! #!
D$&4, #- +&HIHYo-H#(H (4%2. Y+A4% A 8B 1 A*HBHAY# B/SEIPHPREH DS&A HYBL I*#
SDD#(#%$%4!$8&.1@,.6'.%8.1- *#-., $2.111.,(0M!%4%! H!-.2241(0.|#& L 224204
B! 6T-7<"04 (4%2.%+$! #1 D$&A, ! *$22#1- &&.1 @,.6'.%8.1(.,($2.A1 Z&&.! BHDHON
($&(ABSYOA +&H HU62 + $&H!I- &&SI9$%-$-#! #@. #3.%24) 1- &&$19$%-$!20.2SA!:$! @'%68#4Y
HI<Z[,7= 1'"2#&HBBS2ABRE@INYD.! '2H&HBBS! +&H HYb-H(#! | &S2HDH! $+&H! *2,.3#! - &&.
9$%-.! #($D$2#!1,.(.-.%2.3.%2.1K8=;11.,IPN8I(8=$PPEt.,lORRNS(B=#1.,IMN8!.!
(8=$:;11.,l OPNSGA! Z&&$! #HLRRo-#(.! 2BYZ! H! ($&(48$24! (43.1 #&! ,$114,241 2,
&K#%62.+,$8.! -.&&S$! 142.%8$! #%! 9$%-$6AX2MWIF! 6'.&84! %.8&$! 9$%-$! -#!
H@.,#3.%285-GA
|
|

H#5O*+(01*+,,( 1%

?2.,014.9%..8,. #1 * +%$&H! *#3'&$2#I1 #! 1$,$3.2,#! -.&!,.&$2#D4! 34-.&&4! Z>! *4%4! *2$24#!
-. 2., 3H%$2#12#8&#88%8%-4! &$! @'Y (2#BAZ#H! 1&5"B! K. *2$! @'%8#4%.! #(.D.! #%!

OOQ!
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!

#%+, *AIH&I* +%$&.-$!34-.&8&9, . 1'&KA4,-#%.!-.&!34-.&&A Z>) 1#&13.24-41-#1($&(4&4!-$!
#31&.3.9%02%, W! #&! #*'&2$24! | *2#2'#24] H! '%$! DS #$O#&.! *2,'22' $2$! -$&&SP! 6'$&.! H!
14¥#9#&.1.*2,$,, \#11$53.2 #!-#1#%2.,.** AR 3.24-4!-#1*2#33!- #11$,$3.2 #!*(.&24!
H!*2$24'&. c$&a., I.1#&!,.&$2#DA! (438%<Z/;Z= 11.,1&$!(,.$8#4%.!-.&!34-.&8&Y4
H!
!

struct=ar(y,p, yw'o);

H*(*'-38&:-*=&*%)=-::&5%
6*>)5=(8-*=-*00)=-::)*.d*
t+T2* 48&*'A5(83&* 7<-*'A&* &=*&&=(1:* %-A)=)* =(*'A(%&* =-(* 6&5&%-A5(* =(*
b4:-\@&: -5"
F&* 9&5(&,(:*AS47A8* 4'7(A&* 7)8A(-8-* :&* 9&5(&B@&* =-:* 54%)5-* =&* =&5-* (8*
(835-")* &:* %)=-::)* H'AS47A"8)(-9&5(&87-I* -* (:* 9-AA)5-* =-(* 6&5&%-A5(*
H'A547A"&I"
E! 1$,$3.2,#! -.&! 34-.&&4! (4*V! #(SDS2#! *4%A4! 2#8&#88F2#! 1.,! (4*2,'#,.! #&! *.+%$&.!
34-.&8&4!-.&!* +%SEH*@,'22$%-4!&3$! @'Y BBAR-5' V4 !<Z/;Z=: |
|
sd=sqrt(struct.noisevariance);
a=struct.a;
! yAR=filter(1,a,sd*randn(N,1));

'= 4% &*=-0(&@()8-* A&B=&5=*=9)54*, (&87)*7<-*&:(%o-8A&*(:*%0)=")
&A*(:*9-AA)5-*=-(*6 &5 (*

+.d*]* (* -388&:-* %)=-::&A)* &AAB&O-5)* :&* E487A()8* E(:A-5"%6* H$* -* &* )8)* (*
6858%-A5(*=-*E(:A5)*-*=v5&8=8H[CSI*5&665--8A&*(:*54%)5-* (&87)*(8*(835-")*
89-8A-*=-9(&@()8-*A&B=&5="'="8HIB5)*=(*-:-06-8A(*6&5 (*&*|]

(& 13301 &
|

K'.*23! @'%8#4%.!-.2.,3#%$! &K4,-#%.1422#34! - & 34-.&&A Z>! - &!* +HHp SR #%0!
#%+, **4A

function pOttimo=AlCottimo(y)
%inizializzazione
AIC1=inf;
p=2; %ordine p di partenza
struct=ar(y,p, yw'o);
AlC2=aic(struct); %AIC(2)
%ciclo while
while  AIC2<AIC1

AIC1=AIC2; %=AIC(p)
10 p=p+1; %incremento dell'ordine
11 struct=ar(y,p, yw'o);
12 AlC2=aic(struct); %=AIC(p+1)

OCO~NOUITAWNE
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!

13 end %while AIC2<AIC1
14 pOttimo=p - 1;

|

Y$8&$! #+BRES! #+$\SDDH.%. | &KHYHBHS&HBESBHAY. |- 8&KSE+4, #2341 (4% D$&A, I HYOHE
- &&KA,-#%.11$5,#1$I PALSI DS #IUBR(B%62#.%.1#8& DS&A, 1 - &&$! @' VIBHHIEAL.

6U;113.962,.] .OD$ H! #314*2$2$! (4%! ‘%! D$&4,.! .&.D$24! FH%@H#Y#24G! 1.1 $2#(',$,
&K#Yo+, 41 % &) (#(&A!|OHE&.N ¥ ((#HDAAI Y S&ES! #+$! bl $&ES! OQI! 'Y (#(&A![O#&.) $** +%6$!
.ODHGI$-! .ODS.! .ODHBWSS-! .0D; WI$-14+06#! (#(&4 #& DS& 386231 @#%! 2$%624!

(0.! .0D;jU.OD$AIZ&ES! #+HRNDSEBAAA(Y%NI- 2., 34#%$24!-$6"3.96410A

|

(-(+b"#+ IS +Db "+ a+)+%!$1% @ '

!

E&! *.+'.902.! (4-#(.! H! '2#&#88%24! 1.,! #($D$,.! #! 1$,$3.2,#! -.&! 34-.88&4! Z>! .| &$!
D$ #$9#&0&" (%) I-$!'%!* . +%0$&.1:5?!,.$& HA

%modello AR
struct=ar(y,ord_base, 'yw ' );
a=struct.a;
sd=sqrt(struct.noisevariance);
massimo=max(abs(y));

“1OB~ WDN R

Z8&$! #+$IPH! ($&(A&$241 #8134~ &&A 75| AR A1 HY0!* +H2A1*4% 41 *2 $2241#
1$,$3.2,# & F-#1 -#3.%*#4%)b=m,&-W$l.! '= Al Z&&$! #+$! [| H! #($D$2$! &$! DS, #$I#&..!
%&" (%) Al

E11$,$3.2,#! #(SD$2#!D.%+4%A413.-#$2#1 - 1#Yo* . H2#1% BHEERA(0.1H!' 2#&#88$24!
-$&E&S! @'%8H4%8.-M3-8-58&A)5"Y(0.! #(.D. | #Y #Y%+, A H&I%'3. 41 -# .&.3.%PH!

- &I +%BE&.1-$1(,.$,.1.1&$I*SI@,.6'. %8S!-#1($31#4%$3. % 2EA

|

1 function ybase=ybase_ generator(N,fs)

2

3 load ybase.mat

4

5 %costruzione segnale da modello AR

6 ybase=filter(1,a,sd*randn(N,1));

7 %eliminazione componenti in banda theta

8 [b,a]=butter(3,[3 13]/(fs/2), 'stop'  );
9 ybase=filtfilt(b,a,ybase);

10 %eliminazione componenti in banda gamma
11 [b,a]=butter(6,[25,95]/(fs/2), 'stop'  );
12 ybase=filtfilt(b,a,ybase);

13 %impostazione del valore massimo

14! ybase=ybase/max(ybase)*massimo;

|
Z8&S! H+$IQI*4% 4! ($,H(S2H #1-$28IB- 1968 (%) VIB* *= 1*4% 41 2HEHBBS 2 $8&S! #+$!

\I1.1-.2.,3#%8$,.]  +,&'- AIE&IIS**AI% ((FH#DAN(4%*#+2.1%.88K . &#3#%$, .| -$&I* +06$&.18.!
9$%.-.1 20.2$! .| +$33$AZ&&.! #+0.! IS! D#.%.! .&#3H%$2$! &$! 95%-$! 20.2$! @#&2,$%-4!

0]e]
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!

+,&'* (4%!)'%) @#&2,41="22.,]4,20! F @'Y (A5 U#I<Z/:Z=  GI-#14,#%.1QI#%! (‘#!
HI*2$241 #314*2$241 &K#%2., DEBRIMNBIQA 3.1 95%-$! 4%(, $A! :K#%2., D$&&4A! H! *2$24!
*(.&24! & ++.,3.9%2.! 1#U! &$,+4! - &&$! 9$%-$! 20.20FINB! 1.,! $#(,$,.! '%$!
3H+&HA, ($%0(. &ESBHAY. - &&$! IRBLBHNH+0.| OOP H! . &#3#%$2$! &35! 9$%-$! +$33$!
#314*2$%1%.8&! @#8&2,41='22. 14,201 -#14,-#%.\'%$19$%-$1 4% (", $1&.++.,3.%2. 1#U!
&$,+$:! hPB[INSA Z&&S$! #+$! OM! #&! D$&4,.! 3$**#34! -.&! * +YE&IIH! | *4!

434+ .%.41 (4% #&! D$&4A,.!| 354341 3.-#41 - # * +06$8H! | $&HI! $11,.*.%62$24! -$&&S!
D$, #$O#&H&" (%) A

|

(-(+DbS\+$! BIS+bI\+S!  A+)+%!$1% B *

!

E&! *.+'.%2.1 (4-#(.! H! "2#&#88%$24! 1.,! #($D$,.! #! 1$,$3.2,#! -.&! 34-.&84! Z>! .1 &$!
DS, #S$9H&A&" (%) ! -$&! * +%S&bygn 11 %.&! (4-#(.:+MA<-BEH($D$24! @#&2,$%-4! #%!

9$%-$!20.23!"%!*.+%$&.!;5?!, . S&A
I

%filtraggio

[b,a]=butter(3,[3.5 12.5]/(fs/2), '‘bandpass' );
y_theta=filtfilt(b,a,y);

%modello AR

struct=ar(y_theta,ord_theta, yw'o);

a=struct.a;

sd=sqrt(struct.noisevariance);
massimo=max(abs(y theta));

O~NO U WN R

1l

Z&&.) #+0. 1 DI H#48$! &$ 95%-$!20.2$! - &!* +%$&.1 2, $IEHRAM! -#1="22. 14, 20!

1$%*$ 9$%-SW! #(4,-41(0.|&K#%2. DS&&A HI*2$241*(.8241 & . ++.,3.%2.1 1#U! + $%-.! - &&S$!
9$%-$!20.2$!hIAPINS! 1.,!+$,$%2#, .I'06! +'$-$+9641'%#2$, #414#%! 2' 223! 85! 9$%-SAl Y $&&S$!
HS [ S&E&S! b #&! (4-#(.) H! $%$&4+4! $! 6'.&&A4! '2#&#88$24! 1., &$- (LBEHAL.!
+,&'"%&M! E%! 1$,2#(48S,.1' S&E&S! H+$! [ “#! *2#3$%4! #1 1$,$3.2,#! -.&! 34-.88&41 Z>! -#!
4,-#%.1)5=mMA<-A&&! * +06$8& +MA<-BE.! D.%+4%4! *2 $22# $&&$! #+0.1\I 1M 0 && !

D$, #$O#&M = A1) &&K'&2#3$! #+$IH! *2,$2241#&ID$&4, | 3SHHBE-AR.
EID$&AHO&" (%) CRA= 49413 -H$2#1 1., 12 22#1H1* +06$8H I SUSEHBES 24! I*$&DS2H#%6!'%o
@H#&.- YoA3HYFDH-AL VIBRHEHBES24!-$8&S$! @' VoBHAIFHEM3-8-5 & A NBFH('#! *#!

H&&* 2188 (4-#(

|

function ytheta=ytheta generator(N)
load ytheta.mat

%costruzione segnale da modello AR
ytheta=filter(1,a,sd*randn(N,1));
%impostazione valore massimo
ytheta=ytheta/max(ytheta)*massimo;

O~NO U WN |

!
Z8&&S! H+SI\IHI +.%. $241 #&* 40pFRo.&! (4-#(. +A<-ABH &' %+0.88F! 13! 1$,2#, .
-$&134-.8841 Z>1 1$,$3.2,#88$24! -$# DS&A,#! (4%2.%' PAKHD"VIGAS, #($2#! $8&S!

! o]e]
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!

H+3! QGA E%! * +'#241! $&&$! #+$! bI! #&! D$&4,.! 3$**#34! - &! * +%$&.| H! 14*241'+'$&.! $!
%&" (%) I'1.,!,.%-.,.1#!* +%$&#!;5?21*#3'&$2#!11#U1434+.% #A
I

(-¢+.1000  al%@!$+ 10012  a+)+%!$1% @

(
E&!*.+'.%2.1(4-#(./H!"2#8#88%$24!1.,! #($D$,.1#11$,$3.2 #!-.&!34-.&&A1Z>!-$&* . +%$&.!
L ieggn 1F%0.&! (4-#(. H18&%%0&3422 % 24@#&2,$%-41#%! 9$%-$! +$33$! '%! *.+%0$&.! ;57!
- $&.IHA

%filtraggio

[b,a]=butter(6,25/(fs/2), ‘high'  );
tmp=filtfilt(b,a,y);

[b,a]=butter(10,100/(fs/2), Tow' );
y_gamma=filtfilt(b,a,tmp);

%modello AR
struct=ar(y_gamma,ord_gamma, yw'o);
a=struct.a;

sd=sqrt(struct.noisevariance);

OO ~NOUTRA WN T

Y$&ESD! #+F! P! $&ES! #+3![|SDD#.%. | #&! @#&2,$++#42- BAX X I8H&(4 39#%F$8#4%.!

-#1-'.] @#&2 #-#1='22.,14,20:1'%!1$*$R24!(4%'@,.6'".%8%!-#!2$+&#4! $! P[ @B+ 24!

$&&ES! #+$! PG!.!'%0! 199%3*4! #314*2$24! $! ORRNS8! F #+$! MGA! Z&& . 5344
X2,$22#1#11$,$3.2 & '=1- &134-.&&417>!-. @ #%#24'$&E&S N #+FINA

E! D$&4 #! 3.-#! -#*.] '=! *4%4! *$&DP2#! $&EK#%2.,%4! -#! %! @#&.! -.%43#%$24!
3&%%&.d"%&N  k'.*24! @#&.! D#.%.! 14#! 2#&#88%24! -$&&$! @'%8#4%.!
3&%%&6m3-8-5&A)%1% (,.$,.!'%! 34-.&&4! -#1'%! * +%$&.! #%! 9$%-$! +$33%! -$!

(‘#! *2,%,,.! &K$%-8.%24! 2.314,$&.! -.&&$! @$*.A! BHI#D. ! &$! @'%8#4%.! %.&!
-.22%+&#4:

function gammap=gammap_generator(N)
load gamma_AR.mat

%costruzione segnale da modello AR
ygammaAR-=filter(1,a,sd*randn(N,1));
%estrazione della fase
tmp=hilbert(ygammaAR);
gammap=angle(tmp);

"0 ~NOOOITAAWN P

Z&&S! #+$I\I12,$3#2.1 &3 @' VoBEAWH! +.%. $2ANwsgse 1 1"# 1" HSI0H+38%6%&.d !
(0.!-. #D$!-$&!34- .88 41 Z>13.-#41 - &&S$! (4314%.%2.1#%! 9$%-$! +$33$! - #1* + 0o $&H!
$&HII$22,$D. ¥4 &K*41- #11$,$3.2,# (4%2.%'2#! %. RREAEEIM. A"V ALY $! 6'.*24!

* +00$8.B.-#$%2.1&$12,$* @4,3$2$!-#IN#&9. 211$&&.! BHHIT2,$2241 &K $%-$3.%24!
- &SI @$! IF%. &I (4-#(.3&%%&EA

|

|

0]e]
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!

(-(+o+) aloor l6oig+( e+ 1]
!
E&!*.+%038! IF%.&! (4-#( A<-ALB*#! #($D$!-$&&$! @$*.!-.&&$!2,$*@4,3$2$! -#!N#&9.,2!
-.&10224, 1+ A<-A8I\#Y%| (4-#K2/;Z= !
!
tmp=hilbert(ytheta);
thetap=angle(tmp);
!
E&! *.+'.9%2.1 (4-#(.! H! 2#88$24! 1.,! #($D$,.! #&! 1$,$3.2,4!. F%.&! (4-#(.:!
%-&8mM3&%NYEE-$!'"%!*.+%3& ;5?1 @#8&2,$241#%!95%-$! +$335A

%filtraggio

[b,a]=butter (6,25/(fs/2), ‘high' );
tmp=filtfilt(b,a,y);

[b,a]=butter(10,100/(fs/2), Tow" );
y_gamma=filtfilt(b,a,tmp);

%estrazione ampiezza
tmp=hilbert(y_gamma);
gammaA_y=abs(tmp);

%calcolo del valor medio
mean_gammaA=mean(gammaA ),

o

" IPOO~NOOTPA,WN P

YP&ES! #+$! PI$&&ES! [ #&!* HPAGREE 2,524 #%! 9$%-$! +$33$! 3.-#$$AA BEAHB#4%0.!
-H#1'%0! @#&2,4'15F8RA4!.1-#1'%41 1$*9$**411.%2, $39#!-#1="22. 14, 20W*#1422#.%. 1#%!
6'.*24! 34-4! #&! * +%P& *rMI3&NBZ&&Q. #+0.! * b! D#.%.! .*2,$22%! &K$31#.88%! #%!
93%-3$! +$33%! 3&%%&. M{P&(4&$%-4! #&! 34-'&4! -$&&,$*@4,3$2%! -#! N#&9.,2! -.&!
* +%05&. Hm3&% Y& J.&&K'&2#3%! #+3$! FORG! *#!! ($&(4848HEE! D$&A4,! 3.-#4! -#!
3&%%&.mEO.!H!*$&D$24!(43%-&8mM3&%0%&! /' 22#1# 1 D$&A #1-#!1(4*V1422.% ' 2#!*4%4!
*282#13.-#$2#1 . I#&) #*' &2$241H!*2$24114*241$& & K#Y% 2198 MBKAHALE . "VoR A
?., 1 #&! ($&(4&41# 1RB&Y%%&I*H! %.(.**$,#4! *2,$,,.! &$! @$*.! -.&&.! 4%-.! 20.2$!
L WA<-AQIBN(O0.*#I1'LI(,.$,.1$22,$D. ¥4 I#&!* +'.%2.1(4-#(.: !
|

tmp=hilbert(ytheta);

thetap=angle(tmp);
|

B#! 4** D$4,$! #%! - 22$+&H#A #&! (4<F[Jz= 1(0.!-*(#D.1 &$! 1,4(.-",$! 1.,/ #&!
($P&(48&4! -#BB&Y%&.*(4%! &K' 2#E&H#HBBAA<HALIG -.&! @$22410 ! -.&! D$&4,.! -#!
,.+48$,#88%$8#4%.!-.&&$!3.-#HB8M3& %% &.

gammaA=zeros(N,1); %inizializzazione vettore
for i=1:N
gammaA(i)=normpdf(thetap(i ),0,C);

end %for i=1:N

%impostazione del valore medio medio di gammaA

load mean_gammaA.mat
gammaA=gammaA/max(gammaA);%ovalore massimo unitario
gammaA=gammaA*mean_gammaA/mean(gammaA);

TIONO R WN PR
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!

Y$&&S! #+$! P! $&&S$! M! 06! (H(&4! @4,! #%*[ #DS&EH -.&! D.2243R%%&.!
HYHBHS&HBBS241 BRES! #+$I OAIE%! 1$,24#(48$, || $RE&S! #+SHIARK| 8BDHYRANH
$3.IH#&IDS&A, | -H1'%$1 %04, 3581 +$HSYP! -#1 3.-#$1 %' &&S! .1 DHSBHAY%.1*2$%-$,-!
DIl ($&(4&$241#%! (4, #*14%-.%8$! -.& D$&4, .| - &ESL@RIY0. &&A! *2 ** A1 H+2$Y62 |
Z&&S! H#+SI\I HI ($,#($24! #8) @#&.) (4%2.%.%2.! #&IHSHBIBEY6%8.(0.! D#.%.!
#314*2$241%.88&.) #+0.1%((*#D.1(43.1D$&4,13.-#4!-.&!* +%$8E&Y Y& A

|

|

(#+)L+7)
!
B#! #14,28&! (4-#(&Z/;Z= ""2#8&#88324,! &$H.%.,$8#4%.!-.&!* . +%$&.!-#!,'34,.!

OHSY6(A138:!
!

a ytmp=ybase+ytheta+ygamma;
pi varNoise=var(ytmp)/SNR,;
Q wgn=sqrt(varNoise)*randn(N,1); !

Z&&$! #+$! O! D.%+4%4! *433$2.! 2'22.! &.! (4314%.%2#! -.&! *.+%P&.! ($&(4&%$2.! #%!
1,.(.-.%8%l! @4,3$%-4!#&!D.224,.1 72810.1*#12,$22$!-.&!*.+%$&.! TBE<! @#%$&.! 1,#D4!
-#1 34, Al K'.*24! * +%$&.! 72311 H! '2#&#88%$24! $&&$! #+$! P! 1.,! #&! ($& (484! -.&&3S!
D$,#$%8%!-.&!,'34,.1#%!9%$*.1$3&!D$&4,.|BI>1#314*2$24A1 ). &&K'&2#3$! #+$!H! +.%.,$24!

HEI* +%$8..1] A%
!

OO0!



"L(L.9%-(1 HH($1.%!-(

!
hO /4,211x<.$* #%+120$*. Z318&#2'-.1)4'1&#%+1=.2]..%!J.' 4%$&! e*(#&&$2#
4@\YH@@.,.%2!5,.6".%(#H*[b5)6<+'(): IDAKAIORMI!I11AIOBSRIIPRORA
hP)*#(*D$,#1! N#,$*.11)8',a41! <$3#7$I! $%0-! ='8*$a#!! x5$*2! J.2]4,a! e*(#&&$2#
#%! 20.1 N#114($31$&! )ZO! >.+#4%! 4@! 20.! =.0$D#% K <=$3)d58&:* |
[-45)'7(-87- 'D4&AIOSIIIM{IOSSISA
hQ ='8*$a#l!)*#*(D$,#1!$%-INS$, #*1IXN#114($31$&1J.2]4,a!2$22.,%*14@!$(2#
20.134'* Ix! [-45)'7(-87- 1'D4&AIOO\I!I11AIPROI'PRRQA
hMK'7.9%! $%-! =,$+#%I! XZ%$&T*#*1 4@ -7%$3#(!1 9,$#%! 4* (#&&$2#4%*:1 3.2
$-D$%(.*IXK5-8="*(8*[-45)'7(-87-" I'DA&IRI!11AIQ\D QIIPRR"A
hli c'&&@!$%-!?4%43$,.%a4l! xN#114($31$&!20.2$!,07203! $%-!#2*! (4'1&#'
+$33$! A*(H&&S2#HA%*! |.6'#,.! @$*2! #HUWOHIH2H#AY! 4%24! 1$ASEDE
#%2.,%.",4%*I12[./ 1'D4&AIOR\II11AIQDMIPRRSA
h\i B.$+.,! $%-1 =.,,71l xN#114($31$&! /0.2$! e*(#&&$2#4%*! $%-! )&$
)4%-#2#4%#Y(+48),():)3+*)E* F-&58(83* &8=*1-%)5H D4&A! MI! 11A! RIOC
PRROA
hbi <$884%#! $%-! 2$%8.,#1! XX%(4-#%+! 4@! J$2' $&#*2#(! B2#3'&#! 97! .
242 .%2#$&! B1.(2,$! #%! J.2]4,a* XM @2$24,7! $%-! E%0#9#24,7! )., 492y
D)%64A&A()8&:*B():)BP4&AIMI!LPROPRRDA
hni c#a+,. %I xN#114($314)).,.9.88%,!/0.2$!9$%-! 10$*.1*7%(0,4%71#%! ,$99#:
[-45)'7(-87- 1'D4&AIO\[I'11AIO[QIM[I!PRORA
hSI <$+,#1!<$884%#!$%-12$%8.  #1! MEER ! 9$%-1*.1$,$2#4%!4@!. 2,$(.&&'&$
142.%2#$&XW58&:*)E*[-45)'7(-87-*1-A<)=1ID4&AIPORI! 1 1ANPROPA
hOFR Y.3#,$& 11! X"$33$! $31&#2'-.*1 $,.1 (4'1&.-! 241 20.2$! 10$*.! #%! 0'3$%! XX"
- #%+HID#$&11.,(.12#4%!08A-588A()8&:*X) 4588 *)E*?'+7<)6<+')L)B4RA!
11AIPMDRIIPRRMA
hOC s.%*.9%I!'XN'3$%!+$33%$ @,.6'.%(7!4*(#&&S$2#4%*1$**A(#$2.-#201$22.%24
3.34,7Ix! KAG[_/*(8*[-45)'7(-87-' I'D4&AIQRI!I11AQFIN!PRR A
hOF J4a#3$I! ?.%224%.%l! j4,04%.%|41%%a+,.%I1! xN#114($31$&! 20.2$! Bad N8(
S(2HDH2T! - #%+! (&S**#($&! .7.9&#%0a! (4%-#2#4%#H Yo+ HUATPIDYRHEFPE*
F-&58(83*&8=*1-%)5#D4&AISRI'11ARFPRRbA
hOC ;#*3%$%I!x/0.1/0.2$ "$33$!J.",$&!)4-.Ix!  [-45)8 I!'D4&A!I"I11A! ORRP)
PROOA
hON X#%.D4&&I! x<4-.8&&#%+! $%-! $%$&7*#*1 4@! &4($&! @#.&-! 142.%2#$&
@'%(2#4%!14@!(4,2#($&! (# [@R45+d-9(-T' ! D4&AIOMII 11 AMRPROQA
hO[i Z%-.,*.%I!K<-*g(66)7&%64'*,))" A:le’@4,-IT%#D.,*#27!?,. **IPRR\A
hO\i >7%ad4]*a#l!xZ!34'*.134-.&! 4@ #%2,%(.,.9,$&!0.34,,0$+.! “#%+1$'24&4+4'
9&A44-1#% @ *#4R%M5-*25)A) 7):1!DA&AIQI! 11 AIOPH!PRRbA
hOb N$**.&34!$%-!B2.,%I!x/0.2$!,07203!$%-120.!.%(4-#%+!$%-!,.2,#.D$&!4@
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