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Different Application Fields of Brain Signal Processing
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Abstract

According to the researches, it turns out that human's activities are the results of the internal-neural activities
of their brain. The reflection of such activities which are propagated throughout the scalp can then be
acquired and processed. In this regard, brain signals can be acquired and recorded by EEG
(Electroencephalography). Researchers have applied different technqiues for acquiring, pre-processing,
feature extrcation and reduction and classifying EEG signal. According to published papers by Iranian
researchers until 2015, it has been found that most studies have been performed in medical applications and
brain computer interface fields. Sampling and receiving EEG signals have been performed more in the central
region than other regions. Statistical technqiues have more been used for feature extraction than other
techngqiues. Finally, the support vector machines are mostly used in the classification of brain signals. At the
end, a study on anxiety and depression detection on fifty cases was performed in medical field. Simulation
results show that our approach achieve an accuracy of up to 97 percents.

Keywords: Feature Extraction, Feature Reduction, Classification, Brain Signals.
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(Figure- 1): Different steps of brain signal processing
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(Figure- 2): Different researches which have been performed in the field of brain signal processing
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(Table-2): Categorizing dataset according to different studies in researches

&lw ol suliplnil Codled
[27] Deap sois (551 gz 50ls
[28] | 1o jule BT onis (5,5] gozr S0l ol

[29] Yeof lygm 50 00 (55l o yBols
[YA ¥+ vo vl Sliiog 0,5 lawg

[12] Anderson ous (5,5l gox Sl -S4 »)i
AR AR Sliios 09,5 Lwgs
[¥0 &Y ¥V OF 5 . F] BCI Competition (s)
[vv x#] Anderson |, 4 Sijercic ,Esls
[\~°( A‘A] u':.si)lSAm s/Keim IR ‘_'g)si @.?/Qlfalo BCI
[f- ¥ a0 Al Graz olKuils oa (5,51 o 5l
[V | ohen 5 Shalk sas s )50 goz o5sls
[OA £O FY L FY 0] Sliiog 0,5 bawg
[¥#] SHOEB g o0 (5,5) gz 80l
[vy] Epileptologie-bonn.de
[Vl | e 5 Slojyuil ons (5550 gom olS0ls .
[vy] o olEils ol Sy
[¥Al qUIr0ga cui 5,51 ge Sl
[AY AY SY-03 LY-F4 Y5 04 05 Al Sliios 09,5 Lawg
[#f Y- OA] | BCI clits ,o wadsworth oy 5 - Sals
[s7 #0] BCI Competition (s)
ERP

V] | mlsen 5 Keirn sas (551 gom oS0l
[Yo vy-sA Y ¥¥] Sliios 09,5 Lawg

Y4 2le ¥ 5Ll Vs Jle



http://dx.doi.org/10.18869/acadpub.jsdp.13.3.129
https://jsdp.rcisp.ac.ir/article-1-305-en.html

% a0 B0
]
k|
[0 50
04—
o A0 § = -
k| 3
A 20— — A 30 —

2 : 3
/’)\ 20 = = = i i —
9 10— = = = — = =

Bl
’\ 10 = - -
2
N\
'I% o I e T T T e o Koo T T T T i

153l el smelal mboshl peslS o haas el i E= dlase s sl gdef gl

é’ Elgl 31 ooliwl gl p UL Slgl 80 (& - i) dliso (2lg glao g WU Slgl 80 (F- JSC&)
IR &S 29 Tyl g, (GUs5a,y9! &2 po b ol po) (630
i (Figure- 5): The number of papers based on different feature (Figure- 4): The number of papers based on various regions of
‘9 extraction methods brain (included Auricular)
4
—,\, &L ol podr 4y 00l (6 1S Aiged (g ko litte 2lei wlilp GULe gusvaiws (Y- Jgus)
?J (Table- 3): Papers classification based on various sampled regions of brain

&bw =y
[VA YV-V) FA SV FF-00 AV-00 DY OY B+ FY FO-F) FA XF XY FI-YA TOYF ANV e Q5 0] JLHS)S
[AY-Y5 VY VY SV £5 SF LY $1-00 AV OF AY B FA FY FF FY-Fo FA-FF XY YA TV YF XY Vo)A NF-VF AY-A £-F] J‘)M
[AY Y YA YE SV FY-BY DO DY D+ FV FY XA XY X YO AY oA £ 0] J‘)}Mv
[AY=V+ SN SV FF-FY F+-00 D+ FY FE-FY FA-FF XY ¥ YOI N NA NYV-1 5-F] Jlﬂ’f
[AY Ae V8 FF EY 5o-0Y DO DY B FY FFFYFAFVY I AV AT Y A 0B] JW‘
[VA VE A FY Fs BDA-OO B+ FA-FY FF Y F YO X AV AT N A A] )Uss-!.)5|

SR Tl Al by elgl (wlwl p UL gusvasws (P~ Jgua)
(Table- 4): Papers classification based on different types of feature extraction methods

&l & 79 Tl Pl

[AY A+—YA YO YY=V+ S5_FF ST b DY 00 b+ FFFF FF ¥+ FF XY A8 AANF AN A] s Wl
AV VY S0 DA OF DY F) FY FE XY AV F S F T

[ ] 29550 g (G

[Va VY VP 20 OO F7 FFFY FY) U FA XD TV N -]

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-21]

S0yl oo 3l svelcwsay

[AY YA Y8 V) £F ) DAY OF BT D) FF-FL A FA NP YU XA IY Y A2 AV F 0] U).% Glb»\ab 6})"' FpT. “3

VA YF Y\ FOFY £) £ b OF ) 5 Y FY Y FA XD YA XFNINR AF AF AY D 5 e e g e
[ Pl ol = oy b (oils 15 (sl oo &y asnly

[AY AV YA Y8 Y DA D05 Fe Y YY-YO Y]

el

Sy U sty gl bl p GUL gudsaiws @ (8- Jgu)
(Table- 5): Papers classification based on different types of feature reduction methods

YA-TY XFF YY Y -
: ] =Sy

AY YA VY-V £9 2F £Y ) DA DF YO FO-YY V- Y F ae L@
‘}/ . [ ] ey

- 10.18869/acadpub.jsdp.13.3.129 ]

YA by ¥ 8L P48 Jle


http://dx.doi.org/10.18869/acadpub.jsdp.13.3.129
https://jsdp.rcisp.ac.ir/article-1-305-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-21]

[ DOI: 10.18869/acadpub.jsdp.13.3.129 ]

20
15 =
4
I
e 10 g
[
5- — e -
] T r
r g
CBie) elsil ) solisuwl gle 5 Ulio lglyd : (P JSoi)
SRy ol

(Figure- 6): The number of papers based on different kinds of
feature reduction methods

I

T L] L] 1 T T T T
LOA  gom K-NM SVM REF ANFIS ot g
i

bassaib glgl 3l oolaw! sluw p wlUlio Slglyd @ (V- Jo)
(Figure- 7): The number of papers based on different types of
classifiers

51 SUlis 5l olass az 45 wms oo et (8) JS—

sl Shy ol Cux S5 by (i slahs,
wastie S 10 a8 jebylen Wiles S eolaiwl oz yPiue
ool sbuly o gla g, sl el ul & e yo Cl
0P & Camd (A0 YYL0) (23S s, ¢ o s
Sldlas 1 S g o090 130,58 (Ao )3 VVY) oS 5
ol 05,55 oolii—ul (S alS slp (b 99 52 )
3 esldlas JS 5l (ams )0 YY,V) a5 S led oo a0
olas () Jguz ilos,S eolaiwl Shg olul rals g,
S polisons o g, 51 S | e pla oS wns o

ol 05,5 oolaiwl (Shg

ElPl L peadploml gla)ls - F-7
ousiss’ guiainb

oasS gaadl il asine (V) JSi j0 a5 jsbylen
5 Ot (9mays YYIO) (s 5oy ANFIS 3 SVM 4L
50 el ails Slallan jo 1y 05,15 s 1ieS (ams )0 Y/R)
s—as ~3B slahy) (090 4 DlEier G 0l
(LDA) s> SS& Jodos g anjo0 5 (a—o )0 YA/A)
Egoze JSb ay azgi b .ol o, Ldl 58 (0o )0 VV/B)
Ul olaws 5l s wilos )7 eolawl wnaa b 5l as ULk
Sldlas (B aS was o (lis cpl g Sl oy 0550
ouiS gandids pais lwsles S eolaul il 1 as
3 e plaST a4 aao so LS (F) Jgux ailes,S solaiul
03,5 ol il b Sy gunaib cuzx (2b) s, 4z

!

Lousss 6..\..44.‘1...'9 &‘y‘ u»l.w'ﬁ oUle Gadiwd 1 (P Jeus)

(Table- 6): Papers classification based on different types of classifiers

P

o wudib

[A- YA VY V) £F Y PP YA XE Y- OV 8]

(LDA) s SSi &b

[Vs XF e YV Y]

[VA Y& B3 F) (FA-TY A ]

(k=NN) S luod o piSu03 UK

[VA VF £F OV B Fe D XA N ND N AY ADd NF D]

(SVM) i 510 ool &34

[V$ BA FA YD)

(RBF) slais a6 b (Gl gloasiuds sy

[av]

(ANFIS) (53U glicuwl b Gl laasis 4l

[AY VY V8 e DY FD Y O ]

s sl aly

[YA VY £ $8-£F DY FF XU XA XY AA AV Y]

as — 55 sasil 4l

Y4 2le ¥ 5Ll Vs Jle



http://dx.doi.org/10.18869/acadpub.jsdp.13.3.129
https://jsdp.rcisp.ac.ir/article-1-305-en.html

O3l 03 (5 30 JUSaw ()1 3 (63 )9 )5 aliks (5lao jgn

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-21]

: 10.18869/acadpub.jsdp.13.3.129 ]

ey Sl 0 adlllae Baw 5 a3l ools plxil IS
44z b yshiie ren 4 il 009 o0 oS
50 g oad 48,5 Ll s adllhe Gua wallas islejl s,
St (V) g ol 45 5 (S5, ol s,

el 0392 g £95 IS (55, @lie 3 pe5 45 wad oo

30

20 1

= FPE

o T | T T T T
FEvR BwEX | s R BCI Pt ERP

Aliso g w9 (glao p WUl Jlglyd 1 (A- JSCb)
(Figure- 8): The number of papers based on various reseraches

gl ool oaialoil gl s — &-
JUSK—w (3103 oo H0 b pidg

}io
Sladllas oo Gidu 5o oadiyle glogiolesl Jlgy 4y az g5 b
a5 ohilon Wsd el i iy 4 Wiidll b iagh o

Sl g (S o asdllas gl oo camlice (A) JSi o
VIB) g oo piiian (2,0 YYIA) s oo eS| B> b g

oo JUSmr 3105 A 5o Cllad Gl (S (o0
) BCI o cudld 4y les co oy ol jo sl i _alo )
L a5 cenl 6o)lsn s3z 45 8,8 o Ll 5 (weys YAIA
395 4 b £ o] 4o codlad S 1) oS g
ol 1 ey 5 e aSTo] 51l 03,5 il
st JEK s 33 i 5 0 pne ] s,
STl oo b dled g5 Bl 51 SUlis 5 Sazmed clons
el e e lyieds lod skt lj2me o 5,
e, Bdo (59, 955 (B30 ey GRS o (slaallae

S0 GLJUS o (310 5 dao )0 g glgil bl GULEs (guiaaiws : (V= Jgu)
(Table- 7): Paper classification based on different kinds of researches in brain signal processing

égt;.a o).g)tf
AV YA YA YA LYY YO Y
YY e Ao s e |
[YR VY V8 FE-Y2 1 Y VY 00 AF O A e-f] BCI
[AY AY £Y-00 OV-FF Y& XYY YY) 0208 A] S 3y
[Ae YO-£Y Y Y- Al ERP

9 s Oylge o Cudled il aseie a5 jebles

O 5oy A gl Cn i« 4 BCL ol asy
e rwd lei oty ol cpl Jdo ol s Blo 1,5 gy
€9 o)y oasar a8 Sl al a4 LSl Jlgl 3 4

JESK— Gilo g gl aS il il el

3 g sl 009y laojem ol jo iin o dicay =5 LBl
2 Selld sl el o0ls aegame S ans B0
Sl S Gl ol () wiile Koo glaaie;
bl 3 b ol Bols dsgazme S 4y (o
SRS g yi5 5 09 a3 i 35T gz (aSiles]
el o jlabi—ul b gillas (6,18 pdiges &5 g <Bo
Slakd g iolesl Jlg, 5l B Gogi g oa adl)|

YA by ¥ 8L P48 Jle

S8 a—wulio g Juloo' 9 4y 5205 -V
od.&,alqd'

33 s JuSemw A3lon Jolie 4 4z b oS tegh
5 Sy gelS g gl (il i 9 JLSK—
Elgl o Jolye 51 S5 o b g den (59, ¢ oausS soaa b
G553 9 G g wisle plal SIS 950 (sla gy
S 0 Al leslaiul as ol at i da iaghy glsl
D995 & Sy Sl SlalS 5 (S lre—nl o el
LgLQwLo :bLa » o.\.:.:SLg..\;.gd.B.fJa )'1 solawl 9 Gmu.’)f
O |y gy cp s i uiley (SVM) lc—is oy

Al azils o5 st


http://dx.doi.org/10.18869/acadpub.jsdp.13.3.129
https://jsdp.rcisp.ac.ir/article-1-305-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-21]

[ DOI: 10.18869/acadpub.jsdp.13.3.129 ]

MR 8lms

bl iz sla gy 5o @llio gl : (4 - JSi)
U 51 ks 33 005 4903 (530 ciliko >y

(Figure- 9): The number of various researches based on
different brain sampled regions in acquisition step
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(Figure- 10): The number of various researches based on
different used methods in feature extraction
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(Figure- 11): The number of various researches based on
different used methods in feature reduction
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(Figure- 12): The number of various research based on
different types of classifiers
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(Table- 8): The Categorizing of each brain signal processing steps based on maximum and minimum applied methods usage, in each

fields of investigations
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Abstract

Spectral unmixing of hyperspectral images is one of the most important research fields in remote sensing.
Recently, the direct use of spectral libraries in spectral unmixing is on increase. In this way which is called
sparse unmixing, we do not need an endmember extraction algorithm and the number determination of
endmembers priori. Since spectral libraries usually contain highly correlated spectra, the sparse unmixing
approach leads to non-admissible solutions. On the other hand, most of the proposed solutions are not noise-
resistant and do not reach to a sufficiently high sparse solution. In this paper, with the purpose of overcoming
the problems above, at first the spectral library will be pruned based on the spectral information of the
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