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Al Artificial Intelligence

AR Auto Regressive

BCI Brain—Computer Interface

DWT Discrete Wavelet Transform

ECG ElectroCardioGraphy

EEG ElectroEncephaloGraphy

EMG ElectroMyoGraphy

EOG ElectroOculoGraphy

ERP Event-Related Potential

FFT Fast Fourier Transform

FNIRS Functional Near-Infrared Spectroscopy
LDA Linear Discriminant Analysis

Ml Motor Imagery

PSD Power Spectral Density

SSVEP Steady State Visually Evoked Potential
STFT Short Time Fourier Transform

SVM Support Vector Machine
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28

29 s

30 Find the number of pages

31 3]

32 for i = 1:100

33’ = temp = buffer(i,l1); % buffer (100,1)

34 — if temp == 25;

5 n = buffer(i1+29,1):

36 — break % Find first 25 and exit the loop
= end.]

38 = end

39

40 — fseek(fidl, 352, 'bof');

41 $ sets the file position indicator to first position.
42

43 — tt = 0;

44 - =04

45 — o=

46 — 88 =07

47 — while j <= n % n = Number of pages

48 — main = fread(fidl,1):

49 — tto=tto+-17

50 = if main == 4

51— mainl=fread(fidli, 1):

52 = s =.iss '+ 17

83 = if mainl == 176

54 - fseek(fidl,4,'cecf'); % 'cof' :Current position in file
S for counter = K:-1:1
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1
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
g0
gl
82
83

83
g4
85
g6
87
g8
89
90
91
92

end

Ca(3,1)
FZ(3,1)

= fread(fidl,1); %1

FP2(j,1)=

PZ(3,1)
T3(j,1)
F4(j,1)
T4(3,1)
FP1(j,1)
E2(j,1)
T5(j,1)
21(3,31)
E3(3,1)
C1(3,1)
C3(3,1)
T6(3,1)
P3(3,1)
CZ(j,1)
E1(j,1)
P4(3,1)
F7(3,1)
F8(j,1)
02(3,1)
F3(3,1)
A2(3,1)
Z3(3,1)

i =3H17

= end

end
end
~end

% Creating page scheme

=vn;
i=20;

fread(fidl,1); %2

fread(fidl,1) ;%3

fread(fidl,1); %4

fread(fidl,1); %5
fread(fidl,1); %6
fread(fidl,1); %7

fread(£fidl, 1) ;%8

fread(fidi,1); %9
fread(fidl,1); %10
fread(fidil,1); %11
fread (fidl,1); %12
fread (fidl,1); %13
fread(fidl,1); %14
fread(fidil,1); %15
fread(fidl,1); %16
fread(£fidi,1),; %17
fread(fidi,1); %18
fread(fidi,1), %19
fread(fidi,1); %20
fread(fidl,1),; %21
fread(fidi,1); %22
fread(fidi,1); %23
fread(fidl,1); %24
fread (fidl,1); %25

Af



4\5&:)5@ uLo.sb L ‘) laodls d.fu.:‘ QS‘)-.’ W) oﬁ.}éj od.i‘sé Jl.:lf;fb GL:aooL) 45‘_}1 )| o=

o pBd 393 as pgate axio Slea jo | ] il conliv B A o lis olSiws l38le )3

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

page

= zeros (21,p*K)

StartPage = 1;
n = StartPage:StartPage+p-1
= FP2(n,:):

[l for

“end

fclo

page (1,1+i:K+1)
page (2,1+1i:K+1i)
page (3,1+1:K+1)
page (4,1+1i:K+1)
page (5,1+1:K+1)
page (6,1+1:K+1)
page (7,1+1:K+1)
page (8, 1+1i:K+1)
page (9,1+1i:K+1)
page (10, 1+1i:K+1i)
page (11,1+1i:K+1i)
page (12,1+1:K+1)
page (13, 1+1i:K+1)
page (14, 1+1i:K+1)
page (15, 1+1i:K+1)
page (16, 1+1:K+1)
page (17,1+1:K+1i)
page (18,1+i:K+1)
page (19, 1+1i:K+1i)
page (20, 1+1i:K+1)
page (21,1+i:K+1i)
i = d+Ks

se (fidl); % Clos

.
2

FP1(n,
F8(n, :

= F4(n,:

FZ (n,
F3(n,:
F7(n,:
A2 (n,:
T4 (n,:

= C4(n,
= CZ(n,
= C3(n,
= T3 (n,
= Al(n,
= Té6(n,

e,

P4 (n,
PZ(n,

P3(n,:
T5(n, :
02(n,:
= 01(n,:

1)
):
)

59 ¥

):
):
)z
):
I
I
Y
59 3
Hh 1
B B
H)
5 ¥

’

’

-

-

Cpened file
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EDITOR PUBLISH VIEW

ED:' - @ (JFindFiles <3 &, Insert = fx [q| ~ = L) @ 5w

lb_]Compare v [ GoTo v Comment % %2 P

Open Save : Breakpoints Run  Run and [& A
v - v (= Print w \{ Find ~ Indent =R v ~  Advance
29 — 8 = size (page):
S 4 30 - A1A2 = zeros(21,s(2)):
2 = Avg R1A2 = ( (page(l4,:) + page(8,:)) / 2); % mean (R1, R2)
3 32
4 33 $——— Make Al1A2 matris, by using A1, A2, mean(dl, A2)-—————————-
5 34 - Aln2(1,:) = page(8,:): $FP2 (n, :);
g 35 — AlRn2(2,:) = page(l4,:): $FP1(n,:):
7 36 — A1A2(3,:) = page(8,:): $F8(n,:):
8 TN e AlA2 (4,:) = page(8,:): $F4(n,:):
g 38 — Al1R2(5,:) = Avg_R1A2; ¥
10 39 - 122 (6,:) = page(14,:):
11 40 - A1n2(7,:) = page(l4,:):;
12 41 - Aln2(8,:) = page(8,:):
13 42 - Al1R2(9,:) = page(8,:):
14 43 — 122 (10, :)= page(8,:): 3 P B
15 44 — A1A2(11,:)= Avg R1A2; SCZ{n, 2 )
16 45 — Al1A2 (12,:)= page(l4,:); $C3(n,:):
17 46 — A1A2 (13,:)= page(l4,:): ST3 (8 0)
¥Rt A1R2 (14, :)= page(14,:): $21(n,:);
19 48 - AI1R2 (15,:)= page(8,:): $T6(n,:):
20 49 — A1A2 (16, :)= page(8,:): $P4(n,:):
21 50 — A1A2 (17,:)= Avg_AR1A2; SPZ (n; ) ;
22 oL == AlA2 (18, :)= page(14,:): $P3(n,:):;
23 52 — RA1R2(19,:)= page(14,:): $TS5(n,:);
24 533 Al1a2 (20, :)= page(8,:): $02 (n,:):
25 54 — Al1A2 (21, :)= page(l4,:): $01(n,:);
26 55 f————————————————
250 E = strcat(N,B,P,T,C);
28 = load(E)
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62
63
64
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~end

end

Ref sgn = page - AlAZ2;
$ make 19 channels matris

Name = strcat('Ref_sgn ', 'N', B,
Name2 = 'Ref sgn';
Cmd = strcat('save(', '''', Nane,

eval (Cmd) ;
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Abstract

Surface potential changes on the scalp are measured by arrays of electrodes. EEG
signals are the electrical activities of the brain. These signals are primarily used in
medical diagnostics and brain function detection. One of these uses is the diagnosis of
medical conditions and some psychological problems. It can also be useful in physically
disabled patients who have lost their ability to see, move, and control part or all of their

bodies.

Another use of BCI, which has become more important today, and research on it, is
reading the mind. Efforts are in this direction to extract the data from the brain signals
and use it in passing through the terms of imaginary password, and so on. This thesis
attempts to investigate whether reading the mind using surface electrodes is possible or
not, taking a small step in this fascinating path. Therefore, recognition of digits as the

subject of this research was selected.

In this thesis, the goal is to detect the digits from zero to nine using the EEG signal.
Due to the lack of suitable databases for Persian digits, as well as the special
importance of the database for research, it was decided to create a suitable database. The
database was compiled from 13 volunteers, which three videos are shown to each
volunteers. These videos include digits from zero to nine in numerical order with
BNazanin font in black. The ordering of the digits is random and is displayed after
displaying each digit on the whiteboard. The difference between these videos is in the

order of the figures.

To extract the characteristics of the collected data, the LDA, PSD and DWT
methods were used and the SVM classification was used to classify the data. The results
obtained from the experiments show that, although using surface electrodes and feature
extraction methods, the specified percentages can be found to be acceptable
percentages, but these methods are insufficient to achieve a high recognition rate.

Keywords Brain signals, EEG, Recognition of digits, Signal processing, Persian digits
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