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O ABSTRACT 0O

Since Electroencephalogram (EEG) signals have very small magnitude, it's very hard
to capture these signals without having noise (produced by surrounding artifacts) affect the
real EEG signals, so it is necessary to use Filters to remove noise.

This work proposes a design of an electronic circuit using a microcontroller, an
instrumentation amplifier and an operational amplifier able to capture EEG signals, convert
the captured signals from analog state to digital one and send the converted signal (digital
signal) to a group of three digital filters.

This paper gives a design of three digital elliptic filters ready to be used in real time
filtering of EEG signals (which preliminary represents the condition of the brain) making
the software part which complements the hardware part in the EEG signals capturing
system.

Finally we are going to show the way of using the designed electronic circuit with
the three designed digital filters, demonstrate and discuss the results of this work.

We have used Eagle 6.6 software to design and draw the circuit, CodeVision AVR
3.12 software to write the program downloaded on the microcontroller, Mathworks
MATLAB 2014a software to design the three digital filters and Mathworks MATLAB
2014a Simulink tool to make the appropriate experiments and get the results.

Keywords: EEG, Microcontroller, Instrumentation Amplifier, Operational Amplifier,
Analog Signal, Digital Signal, Digital Filter, Real Time Filtering, Noise.
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/I ADC Clock frequency: 1000.000 kHz,ADC Voltage Reference: AREF pin

/Il ADC Auto Trigger Source: ADC Stopped
ADMUX=0x00;//choose the first channel of ADC
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P IS Ll danal ) dssall eyl daill Jlals diaell 321 o
unsigned int adc_data;
float handled_value;
unsigned char result[5];
void adc_1(void)
{
adc_data=ADCW:, // Read the AD conversion result
handled_value=((float)(adc_data*(long)5)/1024);//Jsxal) dais Clua
//Sending Result to Serial Port
ftoa(handled_value,3,result);//result 4 siaall 8 Lexia 5 5 x xxxJSEN ) Aagiill Jy g3
putchar(result[0]);//Sending the Value left of the point
putchar(result[1]);//Sending *.”
putchar(result[2]);//Sending the first Decimal
putchar(result[3]); //Sending the second Decimal
putchar(result[4]); /Sending the third Decimal
printf("\r\n");//Sending carriage return and new line characters

}
Jlac /e sany o alae Wl iy g gl 853l il sae aaas s,
1agly ¢(dina dad dlac/Cdsall Bang ¢ ol) Aiina Auia) 58 )4 ya die Aakalia Juadi 24 Cua (Timer/Counter
4 o4 Al CTC(Clear Timer on Compare match) aall & Timer/Counter() sasgll axiioin
(Lo Uy 38157) Asne dad 5Ly i e /il (ggina yuoa
Timer( output compare 4 se yall dadll ¢5ly die Aakalie Jirdly a8 0 dlae/Cdgall dlacly ot
0 /sl slae) Ly gl 34321000 37 38l g2 V) Imsec oy Ly Gilg Al interrupt
:‘_AL\]\ @A)ﬂ\ tlas.d\ e\.);.u.ul.} QM!}A\ Y é;\s;ﬂ
//Timer/Counter O initialization,Clock source: System Clock,Clock value: 250.000
kHz
//Mode: CTC top=0OCRO0,0CO0 output: Disconnected, Timer Period: 1 ms
TCCRO0=(0<<WGMO00) | (0<<COMO01) | (0<<COMO00) | (1<<WGMO01) | (0<<CS02)
| (1<<CSO01) | (1<<CS00);
TCNTO0=0x00¢
OCRO=0xF9; ‘
: 4l Timer0 output compare interrupt dalaliall Juadi dic Al 3} S slexin) o3y
//Timer 0 output compare interrupt service routine
interrupt [TIMO_COMP] void timer0_comp_isr(void) {adc_1();}
deludnan 25 zlas s (Imsec IS lalaall did) e Ldlls due a8 S ellyys
Cipae JS) Cplae dass Jlas) iy ¢ gapl) JSEN ) Aill 3ad Jysad didee c1aY (1.5625psec)
1 <546.785pS€C 53 lia) JluyY) cillee (yainss l (8+1)x7=63bit (o (<asl (bit) Lla 4 il
Sl ) A8 sall G Aal) Jlasyls diel) 32Y 548.4375us€C oy (ja)l zlias Imsec S Pla 4l
+ st
t ) eyl pdaial) alasiiuly By Ve o(bits)lla 8 iy (o
//ADC Clock frequency: 1000.000 kHz //ADC Voltage Reference: AREF pin
//ADC Auto Trigger Source: ADC Stopped
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/[Only the 8 most significant bits of the AD conversion result are used

ADMUX=0x00¢

ADCSRA=(1<<ADEN) | (0<<ADSC) | (0<<ADATE) | (0<<ADIF) | (0<<ADIE) |
(1<<ADPS2) | (0<<ADPS1) | (0<<ADPSO0);

SFIOR=(0<<ADTS2) | (0<<ADTS1) | (0<<ADTS0);

F AEIS Laloal) danall ) dssall eyl dall Jlals daaall 321 ol

unsigned char adc_data;

void adc_1(void)

{ // Read the AD conversion result

adc_data= ADCW;

putchar(adc_data);}
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2l Lo Alaid 3 Ay ey (gyiam aSaie o alaeYh il Jaand s s

aaail Mathworks MATLAB 2014a celin o Jualdll sda 3 (i dll Cuiatl adiniug
<ua <[z,p,K] = ellip(n,Rp,Rs,Wp,'ftype’) aslill alaaiul dabilay) Alanny) cld BN 4ped )l sl jal)
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el 381 Jhae Ciail douailly adal) a5 33l AalifAne 1000 culiall 321 205 813 Dl (s K1
ol @y ahlayl) Wp=100/500 ,tas (100HZ  dad o midiall il syl adad 2355 aaail g
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Butterworth, N = 35 Chebyshev-1, N = 10
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L Oadaia el ciladdie (e &bﬂ @Ji s 1af O LJ&A ;(2—2—3)M‘

e palaill ahall S0HZ 2250 apaily Wp=1/500 s (1HZ  dad b pipall yypail) eyl
g2y sed 'ftype’ jiahlll Al W (Wp=[49.9/500  50.1/500] s dajal) aie e aladiuly
Jall s il gsai P g clinall Jall gl Jlaal gsaiy 7 Cldshiaal) Ul 138 2ueys 020 oyl i yal)
g il [H(jo)|  Adlacll Llaia¥) ol JiS&8 4 2335kl Jacobi Elliptic atill el K 5 cpedipall

A AN Ayl shaad) alasinly AN Cladiyal) apanai ()5S
[z1,p1,k1] = ellip(8,0.15,80,100/500,'low"); % Lowpass Filter
[z2,p2,k2] = ellip(8,0.15,80,1/500,'high"); % Highpass Filter
[z3,p3,k3] = ellip(8,0.15,80,[49.9/500 50.1/500],'stop"); % Notch Filter
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oaididl el sdiyad ilaall Lai) s Al (5-2-3) (4-2-3) (3-2-3) JEY) el
(cetire IS JaY) mapdl sl (he dullil) e el 35 (f i s e ajal qia adinall el
: IS miial) el el Adlnal) ) imped U el (€5 JBal Jisas ey
[b.a] = zp2tf(zl,p1.k1);
[sos1,91] = zp2sos(z1,p1 ,k1); % Convert to SOS form
Hd1 = dfilt.df2tsos(sos1,91); % Create a dfilt object
h1 = fvtool(Hd1) % Plot magnitude response
Sl Jia onall 3 53950 ALelSia bl Rdblga )5S0 AW Anjall (pe Culadine ppanal Uil g
Al o3 A adeadll il el sdipl lolie 21a0 Jlaes all MAX293
1aa G calmall Gmidiall el ipel dladl) Llaial) (4-2-3) 5 (3-2-3) calSal b g
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Laalis ¢(0.2x500=100Hz) 0.2 sl xie lasi¥) A G Load jelans 80dD e iy ¥ Taseds  Jass
.(0.27x500=135Hz) 0.27 ikl xc 100db ;e LS [RWRE:

Magnitude Response (db)
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Normalized Frequescy (x rad'sample)
(S}Sa) Audyal) o34 u‘ﬁ M\ oaddial) i paill c.dg.d Adaal) Aol :(3—2—3)JSJJ\
Magnitude Response (db)

Magnitude (dB)

Normalized Frequency (x7T rad/sample)

(S5 Cr5) Al 038 b paal) abiial) el qedipal el laiud) 1(4-2-3)Jsal
Laadl Cum o) iyl el iyl Adladl) Llaial) (6-2-3) 5 (5-2-3 ) culal b oxis

J<all b 1 (0.0021x500=1.05Hz) 0.0021 Al xie 3db ey Tageds (5-2-3)J<al 3
.(0.0022x500=1.1Hz) 0.0022 ilill xc 80db lxie; laeas (6-2-3)
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Magnitude Response (db)

Magnitude (dB)

Normalized Frequency (x7T rad/sample)
.0.1x500=50Hz 23530 WiSsas dajall aie dbkaial 1S g aseaal) Aajall aia edisal Allaal) dylaia) :(8-2-3)Jsdd
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Al

cazy Lo

Export to DRl DA (e diaa Jaad 3 Simulink 31 z35a1 ) Sl mlipd) s 5
.File 4 - Simulink Model

Luxl Serial Receive  Serial Configuration ¢yila jall Z8lia) ae ¢Agld) dusedl) Clghadl) duaiy
iy J8 Janey Jaod )Y adle Jiiis 53 Lulal) dnd) clalae) Jaas) Lol dinal) clslae|
o(AnlaY) aladind aac g 3aals cadg (bit) LA aa (Dits) wUlA8 ) aasy Baud Rate=115200bps
Jadll aa adi Al Jiisall Cayaall 40a85)) el e Jsaall Bit to Integer Converter als .l adlaly
& Ancasall 45660 il Jalye (SIS Baalia T (geay s3lls (1-3-3 )JSi e Jeans «0-255
gl Labiall ddd) e bl JusiaY iUl Gdla el ae (1-2)J0
Anf aadl) e s\Slaall (e Jasia a1 1405
(1-3-3) 8l 4 ssagall abdd) ae sl (@)diphall aladiuls ADC sasgll slac) aay :240a3
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COM30
115200
8 none,1
o1 N . T T
Serial Configuraticn
Signal LFF Output HFF Output BRF Output
COM30 Dats | Input Outpart | Input Outpart I Input Ourtpart .":-I EEG_Filters_Cutput |
— — — To Waorkspace
Serial Receive LPF_Elliptic_Fiter HPF_Elliptic_Fitter BPF_Elliptic_Fitter

o3 b §3ial) 3 eladiyal) 383 Mathworks MATLAB 2014a Simulink galiy  Siiall hhaal) :(1-3-3)Jsd)
ool 35al) e il JUL ilage g dud)

1 AdBlially galill
EEG slil o oSl mpmuall Cada 3 &) cladipall o)l leds) DA (pe bl in ey o st
CHB-MIT Scalp EEG bl 3ac 8 (e 35ake Uil (e o3al) 138 8 4 i Cum (g jadl)

ALy asfis ¢ 46/A0e 1000 e 33T Jhaa shise il 206 f Wle ([8] Database (chbmit)
0.5Hz 5 (misidl el miiye ol mpn sl S00HZ & oz EDE (e 38 Alal) 5L ) s
SAsinal) Taladdl dvis Gl Aajall pie iy olaf gl S50HZ 03515 adipall yypaill miipe o1l epa il
53 gemaally Ll 3acl (e ilasbeal) gead Al Wl giadl) e Jganlly o(1-4) IS8 b xlasal
[ ] —H — —
From | Noised Signal LFF Output HF@M HREM

BRF Output
- Input Output | Inipust Output | [ nput Output | EEG_Filters_Cutput
NoisyEEG LPF Qutput HPF Qurput ERF Output
m— - m— m— - To Waorkspace:
Moise_Data L |§| LPF_Elliptic: Fiter HPF_Hlliptic_Filter BPF_Elliptic_Fitter
=

From Noie Data
Workspacel

(10-4) i (6-4) JSi¥) b milid) e J gl Mathworks MATLAB 2014a Simulink galiy 3 Xiall il :(1-4)Jsi

. Signal
Workspace

:(321000 Jshy il stiadll paen) AN Clagleil) de gane aadivsin odhe] 35S0l cilan il
load chb01_01_edfm.mat; %Load Database
samples=1000;%Number of Samples
x1 = val(7,1:samples)’; %Getting 1000 Sample (Noiseless EEG)
t=0.001:0.001:samples/1000;% Time Samples
tt=t";

EEG_Data=[tt x1];

Noise Data=[tt v];
Multiplier500Hz=2*10"13;
Multiplier()_5Hz=20);
MultiplierSOHz=20);

f = 500; % Input Signal Frequency
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x500Hz = sin(2*pi*f*t); % Generate a 500Hz Wave
plot(t,Multiplier500Hz*x500Hz) % Figure (2-4)
title('500Hz Wave')
xlabel('Samples')
ylabel('Magnitude (MicroVolt)")
=0.5;
x0_5SHz = sin(2*pi*f*t); % Generate a ().5Hz Sine Wave
plot(t,Multiplier0_5Hz*x0_5Hz) % Figure (3-4)
title('0.5Hz Sine Wave')
xlabel('Samples’)
ylabel('Magnitude (MicroVolt)")
f=50;
x50Hz = sin(2*pi*f*t); % Generate a 50Hz Sine Wave
plot(t,Multiplier50Hz*x50Hz) % Figure (4-4)
title('50Hz Sine Wave')
xlabel('Samples’)
ylabel('Magnitude (MicroVolt)’)
noise=Multiplier500Hz*x500Hz+Multiplier0_5Hz*x0_5Hz+Multiplier50Hz*x50Hz;
plot(t,noise) % Figure (5-4)
title('Noise Signal’)
xlabel('Samples')
ylabel('Magnitude (MicroVolt)")
JRally S00HZ 205 ld 3yLa) ad edas sl (2-4 )8 o Jeanin Gilull sl adadal) bty
—4) JRills S0HZ says 3 3)Li) 4 pelai (sl (4-4) J<ally 0.5HZ aap cla)li) ad el s3I (3-4)
OsSin a5 (4-4) 5 (3-4)5 (24 ) ISV 3 ADEN LIy g sane (e D358 5)LE) 4 el 53 (5
e 5Ly ) Leiain Al cmaal) 5L

300z Wave
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YA
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Samples

500Hz 235 3 3,La) :(2-4) sl
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ST 51 Lslse (9580 o g i) 38T 035) oy U Jap (3t e ddailaall clldy SO0HZ laaags ke
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cgyall oSaiall Jee Jlas g JUaall oty (S 06V o sl 5o gl 551 JUas Jan slelya ae

JS Al vie el bl aae Jliy (Say ¢(ADC  saagll alacy (1) ddgylall alasiud sie -4
11000 @lue 3] Jaeey chla) e Al ddadl Uil aws (lil) Cplas 4 A 7 e e
Byl) Jsd At

Mie ye @lly Jeast dlee (5f (8 22D 6 (1-3-3) JSal) & masall baddll o) = 5
sangll dlacy ()diyhll Aasiul o) dslall cua Baud Rate  cilil) Ji Jae Jini sle e g Lok
(sl Sl ADC

5 Serial Configuration (yilaye (1-3-3 )JSall 3 maagal) Jabadall Copas of Sy -6
AT Ll Mie yie 4l 3)LaY) (L)) 32ley Serial Send

e oaes Al (S i el Bulee (8 g amy Sladipall aapdl el o) = 7
S0HZ (e Va3 60HZ 23530 1 505 lSatl pe ol dajal) e
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