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Design and Hardware Implementation of a Driver
Drowsiness Detection System Based on TMS320C5509A
DSP Processor
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Shahrood University of Technology, Electrical and Robotics Engineering Department,

Abstract

Every year, many people lose their lives in road traffic accidents while driving vehicles throughout the
world. Providing secure driving conditions highly reduces road traffic accidents and their associated death
rates. Fatigue and drowsiness are two major causes of death in these accidents; therefore, early detection of
driver drowsiness can greatly reduce such accidents. Results of NTSB investigations into serious and
dangerous accidents, where drivers had survived the crash, pinpointed intense driver fatigue and drowsiness
as their two major causes [1].

This research study first developed a database including brain signals from ten male volunteers under
certain conditions. A combination of Wavelet Transform (WT) and Support Vector Machine (SVM)
classifier was then used to propose a drowsiness level detection method which used only two EEG signal
channels. A hardware system was then adopted for practical implementation of the proposed method. The
building blocks of this hardware system included a two-channel module for receiving and pre-processing
EEG signals based on a TMS320C5509A digital signal processor. This processor was adopted in this study
for the first time for detecting drowsiness level, and a real-time implementation of the SVM classifier
revealed its functionality. This is a portable system backed by a battery for a 10-hour operation. Results
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from simulation and hardware implementation of the proposed method on ten volunteers indicated an up-
to-100 percent accuracy.
Works done on determining drowsiness level of drivers are two-fold: The first group uses shape and general
conditions of the body with a focus on:

Head movements

Eye tracking

Eye blink percent

There are a few hardware systems developed for this group. The second group of research works use

biometric signals (e.g. ECG and EEG) to detect drowsiness level in drivers [2-4]. EEG signals are the most
applied biometric signals for drowsiness level determination purposed due to their low risk and high
reliability [21, 28]. Accordingly, EEG Signals were used in this work for the same purpose.
This research study first developed a database including brain signals from ten male volunteers under
certain conditions. A combination of Wavelet Transform (WT) and Support Vector Machine (SVM)
classifier was then used to propose a drowsiness level detection method which used only two EEG signal
channels. A hardware system was then adopted for practical implementation of the proposed method. The
building blocks of this hardware system included a two-channel module for receiving and pre-processing
EEG signals based on a TMS320C5509A digital signal processor. This processor was adopted in this study
for the first time for detecting drowsiness level, and a real-time implementation of the SVM classifier
revealed its functionality. This is a portable system backed by a battery for a 10-hour operation. Results
from simulation and hardware implementation of the proposed method on ten volunteers indicated an up-
to-100 percent accuracy.

A proper, valid, and accessible database with sufficient data entries plays an important role in the

success rate of proposed approaches. On the other hand, available databases were either inaccessible or
their data were in no good condition or were insufficient. Therefore, a new database including EEG signals
of ten male volunteers with the mean age of 24 and at least two years road driving experience was first
developed for the purpose of this study. EEG signals of volunteers were recorded in two alertness and
drowsiness modes during driving simulation using a driving simulator and driving computer game.
In most drowsiness level detection methods, more than two brain channels are usually used [20]; however, in
this work, only two channels were used while maintaining the efficiency of drowsiness level determination.
This made the system less cluttered for the driver, scaled down the processing workload for detecting and
displaying the drowsiness level, reduced power consumption, and finally maximized the hardware system's
operation time.

Recorded signals were pre-processed to prepare them for the next stages including feature extraction
and classification. Spectral features related to a number of bands (especially, Alpha and Theta) were the
main features ever used for this purpose. So far, wavelet transform (WT) has been an important method for
extracting these bands and computing their related features [7-9]. In addition, for this purpose, SVM and
neural networks have been widely used as classifiers [15, 16, 18]. In this study, however, WT and the energy
of some frequency bands were adopted for feature extraction whereas SVM was used for classification.
Hardware-wise, very few studies have implemented their proposed approach. On the other hand,
developments in applications of signal processors have raised their significance and also hope of using them
in large scale processing algorithms, on a daily basis. Manufactured by Texas Instruments, TMS320C55xx
family signal processors are an important and widely-used type [23]. Thanks to its low-consumption
members, this family of processors is specialized for processing 1-D signals used in portable applications.
Some of the main characteristics of this signal processors include low power consumption, fair prices,
diverse functional peripherals (e.g. USB and Mc¢BSP), direct memory access (DMA), timer, LCD controller,
supporting a number of major widely-used communication protocols, A/D converter, fast internal dual
access memories, high operating frequency (typically 200 to 300 MHz), supporting dedicated signal
processing instructions (such as the LMS and Viterbi algorithms), parallel execution of two commands. To
the best of our knowledge, this signal processor has not been used for any drowsiness level detection
applications. A major contribution of this paper was using a TMS320C5505A digital signal processor in a
portable hardware system applied for drowsiness level detection of drivers.

The frequency band of EEG signals usually ranges from 0.5 to 30 Hz that is partitioned into delta (0.5
to 4 Hz), theta (4 to 8 Hz), alpha (8 to 13 Hz) and beta (13 to 30 Hz) sub-bands. EEG signals' energy is raised
in low frequency bands (e.g. delta and theta) during meditation, deep relaxation and the alertness-to-fatigue
transition. With regards to these major sub-bands, an FIR band-pass filter with high and low cut-off
frequencies set at 30 and 0.3 Hz, respectively, was designed using the windowing method.

The developed hardware board had four inputs relating to two EEG signal channels (O1 and O2), a
CZ reference channel and a ground signal. It had low power consumption (less than 25 mW) capable of
operating for 10 hours with only two 3V CR2032 batteries. Using batteries with high A-h values would lead
to longer circuit life. Signals from electrodes were pre-amplified and filtered in this board to remove noises
outside the 0.5 to 30 Hz range.
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The electronic board designed and developed for EEG signal processing and alertness/drowsiness
detection incorporated a TMS320C5509A digital signal processor made by Texas Instruments. For
converting analog to digital signals, the TLV320AIC23B codec was used, and a TPS767D301 IC supplied
power to the digital signal processor, both made by Texas Instruments. In the circuit's power supply section,
a fuse and a Zener diode were placed consecutively in the path for supplying a 5V voltage to the power IC.
These two items served as a protection circuit together. This protection circuit would automatically cut off
the power once the current exceeds the 500 mA threshold, protecting the circuit against any damage. The
6.5V Zener diode prevents excessive supply of input voltage to the power IC. The power IC consisted of two
inputs providing two output voltages (1.6V and 3.3V) for the switch, which distributed them throughout the
circuit. The codec IC had one microphone input and one stereo input. The two received EEG signal channels
entered the stereo input and exited the converter in a series arrangement. This IC included constants that
should have been properly programmed before the conversion operation. This could be done by the 12C
protocol using SDA and SCL pins connected to the processor.

Keywords
Drowsiness detection, EEG, DSP Processor, TMS3205509A, Wavelet Transform.

I SedIolss b i slagts, yuiw )9

. dodio—)
¢(Lee et. al. 2013) 598 0 colainl g300 JUIS 40 51 i

Sl als o ol b ol Sasl, Luls sl

2 i b e JUB g0 5l Lo el cpl )57 50 Ll
oal el o oliial _Sogllolss mhans mpiis ol
waidly 0,8 sl dlelss 09 Sbgiwms oS coge IS
gl pllel 5 pasis Cuz ol Bl n e el
e il a0 5 (Bras Glg (RalS (Sogllols>
5 ookl b s il ablu pogoslina BB ol
Sl ool 6 5L

slr lorsia 3o Bl sl i
odlal gunail 5 (Shy gl a5l Gam Jolp
osd) LAl (S & by b o Thy Wed o
35 ol o o sl oo Shy Grete (55 W
I Soge o 95U asleas eolawl ST
fwlne g aail opl gl Glaghs)  peee
savaab o 5l [S]-[6] cul ooy abgy e sl S
5 SVM) lesiy oy edle anaab 5 54290
[71-[8] 1] wiloas eolaiwl 0,5 5" (sl o rac sloasiis
il (> 55l s Szge had @i ol 5 0
sl SVM anaib 5l 5 (Shs gl @lp o8
Ll 00l solaiw! gasuanl

Silwosly 4 plal 5:SB (Swl by o5 2055
slo)l5 Wled ST v9x eoliy P,
5 Bose s l53lcen s5lwosly die; yo eSL sniall
sekie (nl 1y (ARM 5 Atmega Jols) o)) 2uS's S0
2l sl Ol ) 1S S [9]-[12] wilos ;57 solal
b G e Ly sl JUS B3l o
ol saatt leygies W AT Cpl e g w5l
Ol oo ookl 550 (slap sl (ol ply diins JUS s

AR I WR P POVRL L VN W)

s ol ol 5l s3b e g She 5 slool> Slolas
Sbyk> 5 ga> Slbolay g5, NTSB ducwge Slallas
sols plis wiles 0 a4 oyl 5l e oyl Basl, a5
s «lolar cpl pge g odee Jle 5l (SO aST c]
Dl eogy eaisly (Sogllles g byae

che  asedd dne) o Sladlas
Gomdid alwd 90 a4 gl o |y euidly 5,8 Sogllolys
s on S ey JSh ) e s 3w
139 g0 o3l 1159 190 Bob 2 Jyeresboa

roiS,m v

ad.ﬁ:.nlg:j‘

iz $xS, v
iz ook weys v
o Glleses glabls Sy @wis ) o
Sl albe o 1] 53 it (sl woslons axsLa
sgbieay oaiily 538 gl sl SRy Jdo e
el o olgiin (59 (Soslllss ket
o% S i 5l dats; 5l pes diws )3
So5llss mhaws eess ¢l EEG 3 ECG (EOG asile
Sl Sl o 5 [2H3] ssde ssliial 53
(Sl maw s op)lS 0 eolinal 85
59> a1y 0p)5 5 ax s (n i EEG (535 sla U
CollB o ol of s S, Lyj ol osls plazs]
4] canl UG T olipals!
sty EEG (5350 (slo iS5l eallie ol o

el 00l oolazuwl 0,8 gs?‘)?”%"P raw e

' www.ntsb.gov


http://dx.doi.org/10.18869/acadpub.jsdp.14.1.83
http://jsdp.rcisp.ac.ir/article-1-345-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jsdp.14.1.83 ]

u." )lS JEREEW Ve 9 L5>‘)'b 6)|)'§|s.’;o'cw Glolu po

lis g, Sammas 4y 557 (isy Dg o oals o9 s

9790 srailolw g pig) » (559 0=
A ‘L;agﬂglp caw anid e (o (W pl o
2 d9zge slaghy, wols oL A Jelt gsse
S35 pSoe JB 90 5 (oan Syee 9790
Sllie jo a5 cunl S8 LB &S cpl 99250 o g,
ClsF s ol a9 b Jsers sy abg e
o S bl g oad gwyn biie Ss
cbable 5 e byl (Kea a5 col b b6 asss
Fe 393 8l Glaamr Sl g eoe )5 S
R oW RSPV FOIRL | EPROEE SN X T FLE W
ol vgame ol Ldoay (g lles slaailels
iz ool o J Sy o
el ol )l (suSL wols JBOL wdgy A o
slass g byl i b g 0098 o iws )0 Sz Lol ol ool
obdbgls  Jsers jsbay aiil cod calio oy, slaools
S 9 Ol Gl eols oL A S5 0 solaul 550
oldbsls ol 5 2] wed oo bl glad > B al,
sl 5 Jol (5ot Sl 53 5 05 e ety
o xSUl ol olUS™ aS™ w5slo s Sol) sl a4 Jb> o
Sy gl aboxr Sl gan Jolie ln 1l n i )
alwlgz 0asily VY I [13] 50 aigh e solel sonails 4
5o 8o oz Sae 4 Sl lead S 4y aS ouls
lp iz (o Cundg 90 50 9 bl s g mee oy
Gfd'“‘) O (&L.) M,oj 9 W‘}...i: ms) OOL?'
oolaxwl (Sausly sleacd b3 SO 5l nl jo adsls
bl Gk p e i 6yslaer sloog 5SUI
5o RUCR WY, OL'JJag‘O o Cewyl (89, Ve-Y. Q)L)ul.wol
s o g cdbgls 00 SSa 1) (g5xe sl JUKw [V]
Alos S ans g)l8le 5 b eSS4y Sadly gileans
LS)‘M cJl> 9o 4o FLRFRWA 4.,..»4‘9} uL.UagL) )l )Lf U"‘ o
s ol sl gilwans slil a4 biae Siws g

doys Baes g oo oole Sl s l8lcden slaalele
pll Gl a5 9] asle sl SUL glass 8o
omgllale Alols dule () 5 (Solwar gomail
2 Fe So 5 anng b Bk il 055 soliul
oolitul &y asl i 5 o] Coal (UK sl S 53105,
odd yido 59549y FUL (Gbilon ez b slaen oSl
JESem oS50 0 Sl 5 o2t 3l S Sl
S )l Jeame a5 sl TMS320C55xx  solgils
859 o 5 5510 5l 0ol ol el g sl I35
JB ooy )5 ) ool 5 ganSy sl UK (33l
e (Bran Olg ol glasl 5 ol ouds >k Jo
Shoslsile b s Fhy et ezl Wl (Sl
(b b (Bras Gl 4 Ol o0 JWSw la S 5l
s by a5 gloakiils olis cuod
w22 1) Gloyes (5iigi b g (iles lgs (Sl &S aclas
e 2ile) (61581 Slogile oS Jloms Sl S o
S gd 390 55 legh) UL s ()15 uilS 3 (s
slasws «SUS S G 0 5w yo ploul (535,050 daws
G s eg) Gloj axly 3 121 BB sla g (UL
Sl ysiws 5l 651055 n (Al Ho H5iws aelie o ez
LMS oo, 0 5 2l asile: JUSmo 25105 83
Sl szl cehB o Serdle 5 vty o)l
o8 elass (SWS S Ko 0 5t 90 U e st
x5 o) oplil gl (Brae Gly il camtiys 5 )8
2 ols dee Sl STl sl sl B A
b slee,sl Gl glBles el
S UL DB 4 nlple g eslanal (g enany
S5 50 St onl 5l S e didls b il
0ot gloslial ol o3 Foglllys e _aseis
@lie ol 5 5o oasiplnl G5 o St 5 5 e
55 TMS320C5505A i S 55005 3l ool
et jeliteds a5 ool e LB g, ailile
ROW PRV IPCES WIPSES AR JRRge K SO | A PE=P o
Col oals gmobole Dyge pl 4 Alas aslsl o
ot slaailbels g laghy, (it Vo ie 0 &S
by ¥ i 0 sdiee oeyn SOl
s ool oGl JSas 5 pldbgle 5l e i (s laex
oz ol s Sl s eliia G, i
O (e 50 g sumaib 5 (S gl (hilon i

I www.ti.com

AR IR S\ POWRL by W

&


http://dx.doi.org/10.18869/acadpub.jsdp.14.1.83
http://jsdp.rcisp.ac.ir/article-1-345-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-07 ]

: 10.18869/acadpub.jsdp.14.1.83 ]

i Ailobw Sy il 9 bbb

TMS320C5509A JUSaw 5 b 1S 53 2 idse 03uily LS SeiTeslgd

Wb 52 bgie cogllae (S S b p e
oiey S [7] 0 cwl eals pllel (5,2 YY L VYY) Ly
5 7w JET,E wn Jold) wsil sl Shus 2 e
Sl e 555 03l 55 5 (Glomay JUS 3
plml 0wl ead olpgii  Sogllole: aukis
[16] o .conl oads oolaiu] uac 4SS 3l sunaild
o8 o lanaal o 5l S5 SVM adal
[17] ,o Col oads Syme Sogdlclys zhw asis
Jed=w gaily; o)l ply b e (b,
3eslawl g (PCA) cwlul loddlse Jloo o Snan
ghw asis op)l5 Glp (b e S, sladae
oas slgidan grme sl JUXw 5l soliiul b Soglloles
sladdie Jlow 5 olg ads ez 5l [18] o .ol
oolitl (Soglllys jaseid 5,8 o gonail slp
(ICA) Jiww sleaalie Ll 51 [19] o sl oo
O3Sy Joe g (Smen Dbl Ol b JloS
el o oolal (Soglloles mlow aseid ly o
olyor 4 gy0 sl JLKiw olg cads Ll 51 [20] jo
sloadlye oo 5 Jite laadse Jolov slaho,
5o Ll oals ool | PP Gla‘u g 4 &l ‘S.HLJ
el Gy Sie glad sl Las 5l [21]
ooliul LBU e oS0l slasdy, 5l ganaal &y
pliinty ke sl S 585 A 51 o o Sl
Szl PCA 5l pls ilS,d Wil S 2l el
(el o0l oolazwl ool olal juals jalaieas (PPCA)
&ygods 6 kigr > ;o PPCA oo Jlos! b s
3legamail gl el oo Jow S Polal e SO
ol 00 oozl Oy, JLQ.,.}‘
40 a5 easasle g e glhdilele b9 o
S el Gy BB 4SS aix 0wl aiales o)y asld]
SS9, laailils 5 i gl (Ken a5 ol
L5 5 Slass ldie oad piie glo,5 51 (S g 00y
Ll jo0 G lopdiges 5 a5 pl ag 3iled,SG &Sll 095
P O9b(n (S gmmgng S allele (Sluwloe b 238l
5 05 Jgere,gbas byl 5o oolatwl 5,90 (o CBs a5 (]

G 0 e B el g eojlgs (I ed sgam (o

AR I WR P POVRL L VN W)

Gy o5 Cewsd 45 o alwlgs ooyl 5l cboyie  SKins
ilgze ( Sadly 5l 8 cels

Shsanaib plxil 5 (Shy glpel By 5
ol I8] 55 el oad eslinal aliks glagg,
Sl eslowsa, sloailyny 5l Jol> gylel gl S
e 5l ez e cnl 5o Sl ol w85 00 Soge o
CBs ool 0nd oolizal ganaib plul (gl eac
o Slgz 5 ( Sagllolss sylbsn sladins Larsis
sekiieds [6] o ol c0g VAV sgus g, opl o
5 Srge oot 5l ls> 4 gyl 5 LS Sl atis
= 5Pl emir 9 SRy Tl sl 65 Bl
Slp [14] 5o cewl oo solawl gunand jslaieas laails
S S poglle (lsz ar )l 5l )38 Sl e
i 55 5 Sl 5 o BOG sla JuSw 51 EEG
Sgh ol jo il eolaiwl 38 08 cuty 4 bgs e EMG
B85 g o oolatul ()T glawily o Sge Joas 5l 5
sl 00 5155 120 o0 4

5 BEG i G (Ko 59, 51 [8] o
gl (aeid 4 el g (orae aSh Sl ooliul
J205) SewllS g, S5 [4] 50 .l oo Sogllles
GrSoke) Jae p e by, 4w g ((FFT) 468
SrSoSle 5 (AR) (5w S, g1 (MA) S e
gl (ais 025 53 (ARMA) (9 55 o5l S ke
S Sose SaSay wloads dwslie oo b 0,8  Soglllys
2 5 amle BEG ol ly o da by, (n)
G o el ond solil  Soglllss mha s
POl MA 9 FET (sla g, a5 Canl oad (5 S s
—lg dal) Julod gl g axdlo ) (ouidlS 3 SSES a0
s AR la g, o Slae blis )0 i colio 5l
Sy 3 [15] 55 ool o0 byl sllas ey ARMA
ey Soglolss pais o )5 ly (Shy ol
50 el ol Slpring 8B aw e a5 el oud
bl —oils -y (Shs YE L el
Okl yo el eals is3lo g zl5eiwl EEG slo JUX s
5 b o B3Il sla Shg o5 el a5 S A
B F) L5l o ciebs o 5350050 (53,0 VY 5 A) W il
5 S5 st BEG Gib il 3 Lawgie 5 (5,0 A
5> 5o Sodllolss ais o)l Gln b Shs
Slr el ot pllel Dyt (e S)ledsn (o) p
Goledsr (puyy B35 0 (Sodlolss jasis 08


http://dx.doi.org/10.18869/acadpub.jsdp.14.1.83
http://jsdp.rcisp.ac.ir/article-1-345-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jsdp.14.1.83 ]

oads oolitl Llite lellbl bs, 51wl o yige ol
ouds oolawl lais Jop il 3l ganaad gl .ol
Pl (gazes &b, S o O Gajeel Jos adl oS ool
GLl, s 50 SVM bjsel 5 MI sla isls s il azs 5
iS5 S ailoles 4 layT gl 5l 5 oas plool s
ol 00l oolazwl

S SRy (rimee 5l (S D o)Ll a5 5bles
(Sollss mhaw jais glaghy, o eslitul 85
05] col 5 5 W glawil 4 iy o S5
4 Goledsn 1538 L ol lanil cnl slaadlse
Gaaily ol il gl S o i g |y St
D9 se ooliinl Srge o 5l Jyenejsboar i (il 3
SlaaSid 4z 5 (piSE oslitul 590 slaaails o
a5 awoyee Hha Ll el oad eolaiul i seac
[16]3] wwo oo amil (s tim Cufidse SVM wnail
2o oty sl yols e (IS 84S i,
ko S B 58 sl 65 5l Sy gl
Skl bbbl 655 Al «Sge
SVM siail SaSay gonaik pbxl g (( Shy ol
R

ssiaitle 5 >hb o5l Alls Cuand 4
Soiley 5l wd o)lal a5 jsbles ol dlie 5 0
ool asjls,s plol (gl TMS320C5505 LS
3,5 o SR oS Giloy 5l St Ll ouk
rrizads ool 0t ooliasl oail, Soslllsd _asis
o394) SVM uile ooy (69902 b slapt o5l qaSL
slaabels 55, (O Gabsjl 5 Gojsel Cond 5o 1o
Glolw o el caud (gilwosly vz ge (5,38l
Soxdypllel slagley skt )lRleSe
slaojl ;o laghy, & 4 Cund ouill, (Sogllolys
ool QLI (Somdy pllel LSy adl &y ,2) 6255
@ Glebgr el 88 el cwss ng el
Sl amoei gy SLSL by B (Sogllols
s plel @ G50 alply ol )y ganl
S ol Gl L aS pl pes )l Sezg 0,8 Cundy
a=ly 5o syl Bles alble Slvls (55,0 o2 Ol
O Brae Oly als 4 jmie ool g Al rals (ol
S oslitul b aibils 8,505 ey S ol 2355 oo
O3l @y azgi b a8 cnl pow b oo B8 (s 5L
e S 5 (Sogllolsr canl 5 gire o LS

alibe ais S5 &, oy JB L5t ol
Aols 5l a5 cul oa asle 5 2l J S S
5l sledised 5 (8L ,0 EEG sl JLSw oo (mmgllale
3,8 Gfojﬂyly'- oresidjelaiedy odd 0,8 L3
Ck.w ua.ow L;‘)" La.ﬂ T )‘ ’)9“(54 oolaiuwl
Sy ca oolitul (Sogllolys

sasily 0,8 Soglllss ansis by, o [23] Lo
g9 Sy SaSay EEG o JLSew ab Ldow 5 oo
P oo 9 ol ool &Le,.m.u Qjé LY w‘s 6)LMJLAf
03,5 )l (gilwooly (5T g, Sen 0 Sy s,
S glploses alele ol 5l Slais lsie .l
wateid s oot gilodlbey 1 e ol oauts
g oo ploil S5 albnl SeSa S olway

Gyl Pless alels 51 gl ol [10] 50
S lezbJLi.wJ LSOLQK.M o9y el oais ‘59)::.0
3 gmaiel sl g s 55951 (s, Sl S gl A
el 00l oolaiul k-means gbades> o,
S3l)lsen (sl aile s S g pSejlal BasiS iy 5
= VY (ADC) Jluzms 4 Solbl Jae K g (JuSKm
I gamaib plxl Gln g (AR o) Gsew S
G50k bolu slap ;o5 5l (S as k-means ,Ladss
g el A o 50 el sas solazwl el s g0
z ) Ji&w 515 g T wib sleaalge lol o Solw &
Bigd o duslie asie b 5l Gl SO L

o> B[] o ER W JEN GolBlesus alelw
ARM  JuSe S 5l ol o a8 ol [9] @ au
bolw (yhg, SO [21] o .cewl oud oolanw! LPC2148
AW oLerw.,..; LS 4 Lo o] sl C‘y“ $9) LS)*f‘ULM*’"
w ),u )IS w‘ B OML;?JM Lg)‘)SkW aslols .ol

i o1 §) Sz Slellbl a3 ol J 2S5 S
aS [24] o cadolpios o)l8lccn aleln o .l snis
Sl i ) ol Atmega 55 See 1
Jbosl Gojlon @l Sgish SeSa e JUS cua
ol 4 U 325 gly il opl ,0 9gd o
&l ) 0 03litl S a5l Ll 5 5 (L il

AR IR S\ POWRL by W


http://dx.doi.org/10.18869/acadpub.jsdp.14.1.83
http://jsdp.rcisp.ac.ir/article-1-345-en.html

i Ailobw 53 dlw 9 alb

TMS320C5509A JUSaw 5 b 1S 53 2 idse 03uily LS SeiTeslgd

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-07 ]

- 10.18869/acadpub.jsdp.14.1.83 ]

ok AU VE s 1 Blao boog iSUI Ao 1(1- JSb)

0013 ol 1y (std Cager 03Likasl 3 )50 (5 3o (51 JUiK s
(Figure-1): The Electrode Panel in the 24-channel EEG signal
acquisition system used for database generation
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(Figure-2): The driving simulator set
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(Figure-3): A volunteer testing the driving simulator
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(Figure-4): Two sample EEG signals corresponding to before
and after filtering
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(Figure-5): The 10-20 electrodes arrangement system
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(Figure-6): Comparing the recognition rate for two different
decomposition level when using the first channel set
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(Figure-7): Comparing the recognition rate for two different
decomposition level when using the second channel set
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(Figure-8): Comparing the recognition rates of the two channel
sets with five levels of decomposition
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(Table-1): The recognition rate for each of channel sets used
for drowsiness detection using the SVM classifer

<
=
E No. of Average
2 Channel Group Decomposition Recognition
i Levels Percentage
2 88.5
A FZ,F3,C3,C4 5 95.5
2 75
01,02 3 906
FZ,F3,C3,C4 i 9770'645
B .
2 65.32
01,02
5 95.48
2 90.49
FZ,F3,C3,C4 5 08
¢ 01,02 2 68
’ 5 85.16
2 97.5
FZ,F3,C3,C4
5 99.5
D 2 65.5
01,02 5 99.39
FZ,F3,C3,C4 i 9984'136
2 97.5
E 01,02
5 96.5
2 93.5
FZ,F3,C3,C4 5 035
F
2 98.4
FZ,F3,C3,C4
5 100
G 2 94.16
01,02 5 97.16
FZ,F3,C3,C4 i 912(4)g
H 2 9733
01,02
5 99.66
2 99.5
FZ,F3,C3,C4 5 99.33
1
01,02 i 858'166
2 95.5
FZ,F3,C3,C4 3 955
I 2 79.33
01,02 5 89.16
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(Figure-11): Two captured blinking signal corresponding to
original and preprocessed EEG signal from the channels O1
and O2.
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(Figure-9): Block diagram of our designed hardware system
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(Figure-10): (a) The EEG signal acquisition board, (b) Two
different internal views of the board in (a)
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(Figure-13): Block diagram of implemented software on the
DSP board
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(Figure-12): Our DSP processing board
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(Figure-15): Scattering diagram of the feature vectors
extracted from the O2 channel for volunteer G in two cases of
alertness and drowsiness using 53 captures sample signals (the
circle and star marks correspond to alertness and drowsiness

respectively).
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(Figure-16): Comparing the results from the proposed and two
existing approaches.
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(Figure-14): Scattering diagram of the feature vectors
extracted from the O1 channel for volunteer G in two cases of
alertness and drowsiness using 53 captures sample signals (the
circle and star marks correspond to alertness and drowsiness

respectively).
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