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NXP ARM LPC1768 DevBoard Cortex-M3"
3.2”’touchscreen LCD,with JLink V8 On board

Features:

e Powerful MCU core: Cortex-M3

® processing rates of up to 100MHz, and includes a support eight areas of memory protection unit (MPU)
e Built-in Nested Vectored Interrupt Controller (NVIC)

e 512KB on-chip Flash program memory, to support in-system programming (ISP) and In-Application Programming (IAP)
e 64KB SRAM for high-performance CPU through the instruction bus, system bus, data bus access

o AHB multi-layer matrix with 8-channel general purpose DMA controller (GPDMA)

e support the SSP, UART, AD / DA, Timer, GPIO, etc., can be used for memory to memory transfers

e standard JTAG test / debug interface and debug serial line and serial line tracking port options

e Emulation trace module supports real-time tracking

e 4 low-power modes: sleep, deep sleep, down, deep power-down

e single 3.3V power supply (2.4V - 3.6V)

e non-maskable interrupt (NMI) input

e On-chip integrated power-on reset circuit

e built-in system tick timer (SysTick), easy operating system migration.

<

“0o0on

A wealth of on-board resources:

-2-way RS232 serial interface (using the straight-through serial cable, serial port support them all the way ISP download)
-2 Road, CAN bus communication interface (CAN transceiver: SN65VHD230)

-RS485 communication interface (485 transceiver: SP3485)

-RJ45-10/100M Ethernet network interface (Ethernet PHY: DP83848)

-DA output interface (USB sound card can do experiments on-board speaker and speaker output driver)

-AD input (adjustable potentiometer input)

-color LCD display interface (which can take 2.8-inch or 3.2-inch color TFT 320X240)

-USB2.0 Interface, USB host and USB Device interface.

-SD / MMC card (SPI) interface (available with FAT12, FAT16, FAT32 file system)

-1IC Interface (24LC02)

-SPI serial FLASH interface (AT45DB161D)

-2 user keys, 2 function keys and INTO Reset button, 8 LED lights

-1 Five keys to enter the joystick (Joystick)

-serial ISP download (no need to set jumpers), the standard JTAG download, simulation debugging interface.

-integrated USB emulator: emulator debug features such as online support, support KEIL, IAR and other mainstream development environment.
-optional external 5V power supply or USB 5V input supply.

-leads all the 1O, user-friendly external circuit to the secondary development of other applications.
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MATLAB U s g 45 5 4sls 5 &1,

23 g 9 285 Sl 1 gh 0 ulnl i Sl Gl Blisee slacl 0jg> o 585 Slewlxe uils %ﬂml B9 bl 4 5,5 L
MATLAB ,l;l pr oS bdaly, (0 03543 ol 9 sy Galhwsl xils 9 YU Lulg, 5a,b 55k 3,90 sla el )l 4 Sl
.QLoJM‘)C)Lwl}:AGLu)JQWA)M}}';S?{,}B(;.Xfl)%‘SLﬁ)Ml)L; c,éli)glgdfmst,o S, sl asb 5

% Microwave Transistor Amplifier Analysis and Design by mahdi kamangari h
=input('please enter magnitude of s11 from S2P file of transistor:");
B=input('please enter angle of s11 from S2P file of transistor:');
C=input('please enter magnitude of s21 from S2P file of transistor:');
D=input('please enter angle of s21 from S2P file of transistor:");
E=input('please enter magnitude of s12 from S2P file of transistor:');
F=input('please enter angle of s12 from S2P file of transistor:");
G=input('please enter magnitude of s22 from S2P file of transistor:");
H=input('please enter angle of s22 from S2P file of transistor:");
M=input('please enter magnitude of gamma opt from S2P file of transistor:');
N=input('please enter angle of gamma opt from S2P file of transistor:");
FmindB=input('please enter Fmin to dB from S2P file of transistor:');
rn=input('please enter rn to dB from S2P file of transistor:'");
[a,b]=pol2cart(B*pi/180,A); % S11
[c,d]=pol2cart(D*pi/180,C); % S21
[e,fl=pol2cart(F*pi/180,E); % S12
[9,h]=pol2cart(H*pi/180,G); % S22
[m,n]=pol2cart(N*pi/180,M); % gamma opt
Fmin=10"(FmindB/10);
gamaopt=m+i*n; % For have gamma opt to complex mode
s11=a+i*b; % For have S11 to complex mode
s21=c+i*d; % For have S21 to complex mode
s12=e+i*f; % For have S12 to complex mode
s22=g+i*h; % For have S22 to complex mode
del=s11*s22-s21*s12;
delta=abs(s11*s22-s21*s12);
ka=(1-abs(s11)"2-abs(s22)"2+delta’*2)/(2*abs(s12*s21))
b1=1+(abs(s11)"2)-(abs(s22)"2)-(delta’*2);
b2=1+(abs(s22)"2)-(abs(s11)"2)-(delta’*2);
c1=s11-(del*conj(s22));
c2=s22-(del*conj(s11));
gamas=(b1-sqrt(b142-4*abs(c1)"2))/(2*c1);
gamasmag=abs(gamas)% magnitude of gamma S
gammasangr=angle(gamas);% angle of gamma S to radian
gammasangd=gammasangr180/pi % angle of gamma S to degree
gamal=(b2-sqrt(b272-4*abs(c2)"2))/(2*c2);
gamalmag=abs(gamal)% magnitude of gamma L
gammalangr=angle(gamal);% angle of gamma L to radian
gamalangd=gammalangr*180/pi % angle of gamma L to degree
gamain=s11+(((s12*s21)*gamal)/(1-(s22*gamal)));
gamainmag=abs(gamain);% magnitude of gamma in
gamaout=s22+(((s12*s21)*gamas)/(1-(s11*gamas)));
GT=abs(s21)/abs(s12)*(ka-sqrt(ka”2-1));
GTdB=10*1og10(GT)
F=Fmin+(4*rn*abs(gamas-gamaopt)*2/(1-gamasmag”2)*abs(1+gamaopt)*2);
FdB=10*log10(F)
gamaa=abs((gamain-conj(gamas))/(1-gamain*gamas));
gamab=abs((gamaout-conj(gamal))/(1-gamaout*gamal));
swrin=(1+gamaa)/(1-gamaa)
swrout=(1+gamab)/(1-gamab)
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5 U Vo 0 ot S 50 031 15 s 9 i el 4 (ool 0 -

el by 5l sl diulss slamll 0315 9 Ggd Al 035 121 L

ka =1.0973 » unconditional stability (K >1)

gamasmag = 0.8054

gammasangd = 176.7683

gamalmag = 0.6741

gamalangd = 162.9096

GTdB = 15.5903

FdB =0.8676

vswrin = 1.0000 P complete input matching

vswrout = 1.0000 » complete output matching

o0l s i 315 (79,5 9 6399 93 eilial b S5 b g 39500 Jlad 4 (6195 9 s Jolos B o554 o] ey s
Abbse Eadgn opl oS b (29,5 5 63909 VSWR 00l G Ll

il ol Gusks 4 o>

s3aT Slaal il 5 Lo Ja 9 on o3lital o suly Sole bsks 51 GuilS 5 slaslae eilisel Gk SlaaSeds (21, 53 Ypana
mles oolizel (Lumped elements) o3 28 jolic 5l o)ls 2as allie ool o

oS o pasuie Smith chart g, 1) abis 93 ool c Tygs Do 05,97 sy 3l G

I, =T, =0.8054./176.7683
I, =T, =0.6741.£162.909

P%)ST Cow o )1’ l)ZL QZS){JGA M',S‘SA alhss 9> Uﬂ‘ 9 )|
.L«I:L:Lsaa 39290 55 3)luliwl Al 95 gt 33l 5 ST 9 83909 olawal gudas (sl
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— ] o
JZ2 ZL JZ2 ZL
50 ohm 50 ohm
@ @
First matching network Second matching network
N
Y
3 L')il PR .).A.Q.T(SA Cow o Smith chart S99 2 FM 9 FM LBtAbS P uul.wl 29039 d,.e_;u 72 9 71 QSLQW‘.L:A‘ daasiiss O".‘ PE
g omldaal ks 4l 9 Zg Uslan 1) (639,9 milasal ks 4K a7 (s 5 (0 oS (00 03 Ml uilaal ks sl 4SS ol ST el
Sl et G 4 93 8 Guiliel g5 polie Z) g Zs 0o pasie 4 425 b S B 0o 7y Dol D) (25
l a5 0lis 55,e SV - Ll )8 50 Slule plsl sl o ) Lol uolie o Gubs alus )5 asd) L5 4 slauwlial g9 JSo
%
2 Input network matching ; Lr =0-27987H g Cs =1.125pF
a
i'; Output network matching : Lr =0-3978nH g Cy=1.273pF
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pb Data Source Name cawd )3 9055 SIS 1, GT 438 g Linear asls 5l 1, Gain as 35 ol 40 e jloss jbo o o
S (0 Jls NF g GT

Modify Measurement
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@lib "ds1307clock.lib" )

W o_)..-.i:).é.wQT)Lﬁwwgo_xQ ol Iy ul,.ucd..sl.ual ‘W|MR/WLCD d..ngAJd.prI'tAl r‘,:z..ug[a)l.e.? b,l:o D

6onfigPortb = Output b
Config Pind.2 = Input
Config Pinc.5 = Input
Config Pinc.6 = Input
Config Pinc.7 = Input
QonfigDebounce =40 )

ConfigLed = 16 * 2 A
ConfigLcdpin = Pin ,Rs = Porta.0 , E = Porta.2 , Db4 = Porta.4 , Db5 = Porta.5 , Db6 = Porta.6 ,
Db7 = Porta.7

ConfigAdc = Single ,Prescaler = Auto , Reference = Avcc

Enable Adc: Start Adc

Enable Interrupts

Config Timer1 = Pwm ,Pwm = 10 , Prescale = 1 , Compare A Pwm = Clear Up

Enable Timer1: Start Timer1 P

al 5 o3l Olyie & SDA al T 55 4l o iy cacl IC 5 )55 Sen om 12C byl & bgs o sl by s bt 95
:sﬁfksn)lﬁo)lj.’u»lb)aﬁ J)\fu',.».c‘bSCL

ConfigSda = Portc.1
ConfigScl = Portc.0

:Mb@oﬁob@lduwé}bQJ;PUHUPQby)ﬁf)%gwb&gwbw

Set Portd.2
Set Portc.5
Set Portc.6
Set Portc.7

QLC)LHL)JJ’} ,_;|/,.3 w).)Tg&dewa'o.))fUﬁ uoLa.:.HMgb&gJW;'}iﬁﬂ.\bnggWg@g%b,ﬁ)s

Const Ds1307w = &HDO
Const Ds1307r = &HD1

:P.l)'b)..{.GAMl}).g 23 oslizwl 3 50 Sla jurie musgs 4 J>

S oo 610K 395 3 1) Led ygui bz s Hlade 9 059 WOrd i 5l uase ol :Analog xze

A8 0 a5 Lo sl ood B o3 G @ ) guiten i Sl 5 039 WOrd Guiz Sl s i cpl Dispd uise

ol 00 0sliwl LCD 69)OJAQJ|JQ&9Z¢%FOFNCXt4ﬂpo:J9| 2 Sh).:x:.o

B2 o sl 393 o |y a2 e sles Olea b lasme slos lake sl 039 Word s 5l a5 juiie ol Save iz
..)ga.ztsbbﬂ.’}:)‘.k&lgsaowordM}lgﬂﬁﬁwl)bc‘?ﬁélﬁbble&é‘slﬁbwljﬁgly:Answ

35,8 a8 eolitul 390 el g 4iBs @il ,o5lie 0 w53 sl W e ¢l :Hour o Second Minute sla uaze

A oo b 395 o 1) L s Olej b urie (ul :H 9 S M sla v

g0 opl 4o oslitul duslie @Bga )0 b o H oS M lauiie jlade ol LT uslie a5 b yuaze ol H1 9 SIMI (sla ,uize
a3 Gl b H 9 S M (_sl.m).:i:.oom)l.x&om)kjl,weﬁéus,@yfdu;&bw;lﬂ
.Qw:|o_x£:o.>|.>)l)§Hgs‘M (5Lm):.z.2.n)3)_o.aad..ﬁjg|)l_xﬁ.ago_x&ub9.ol.>l.~uKA_Mw)fﬂ)éLQ):.&lqu)ﬁﬂMJ&?M)J
03,5 Gy QLQ))Jg...gLoSQ&o‘LCD 039_30.39)[.1&9.4[5 Jolss leddass .Afdw)gob;mhﬁl)IniﬂCd LCD Dgwwd
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b o Sledbl ol gl 0T 03,5 03kl 9 LCD
Ao ) ks 5,00 SledLILCD (59, 0lgs (0 pgiwd ol 1 03,55 eslatwl & ygm0 5 a5 ol 0sis Juate

S=0:M=0:H=0
Initlcd
Cursor Off

MU){&AGMME:#

:PrOjeCtt_.Mu.’z).g
._s).:fwo)bBSaVe,:iJA)b@)AleAbd,m4.390.)&&L@éubojgﬁ{nlju&:urﬂf&m)bww|)s
~

Igroject:

Cls

Locate 1, 16:Lcd "Ds1307 with LM35"
Locate 2, 16:Lcd "www.ECA.ir "
For Sh=0To 14

Shiftlcd Left

Waitms 500

Next Sh

Analog = Getadc(3)

Dispd = Analog / 2.046

Save = Dispd

Wait 5

J

:Main >
Dga (58 & ‘DLMIZC Jf.“’g).; 4 oals db s 9 Jloyl 9 o (S Colys LﬁDO"LOOP aal> G o o> U’«l )

Main:

Do

Gosub Ds1307

Gosub Switch
oop

Caound U':J9| PR L).L:J,J L;l,‘O WgIC alasl> PR U;“':"S" Ca.PDS1307W qu ) 03; )l{ M)LCT JQ.B)'.'. " ) U‘.’.l )
Pgd oo bgie 9035 Caclu g i Al Gh)led 4 by e sl Gull cdbys 4 g8 OF 5l an

190 & b onl o

@econd = Makedec(Second): Minute = Makedec(Minute): Hour = Makedec(hour) )

Sluis 0Ty 5 coly 0ly (0 e 5 ol 4 5 398 b Jlaws 4 BCDIC 59,5 395 (o0 cacl bas cpl 925 ol 48,8 1,3
Hed o0 Obles el Gladais Cond o Hids b opl 5,5, 5,8 sl
ol 48,8518 ccl 9 amds WSl 4 by e ledis ol ool Sl aw

Ds1307: b

|2cstart

I2cwbyte Ds1307w

I2cwbyte 0

|2cstart

[2cwbyte Ds1307r

I2crbyte Second ,Ack

2crbyte Minute ,Ack

J
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TZcrbyte Hour ,Nack A
|2cstop

Second = Makedec(Second): Minute = Makedec(Minute): Hour = Makedec(hour)

If Second> 59 Then Second =0

If Minute > 59 Then Minute =0

If Hour > 23 Then

Hour =0

GosubSecond

End If

Return )

Switch s
Agd o0 S el Oladais sl esliinl 3 90 Gl gl iz o 00l o
Switch: h
DebouncePind.2 , 0, Second , Sub
DebouncePinc.6 , 0, Minute , Sub
DebouncePinc.5, 0, Hour , Sub
If Pinc.7 =1 Then
Gosub Clock24
Elseif Pinc.7 = 0 Then
Gosub Clock12
End If
\Return )

Clock24 >,

2algs Ko 1) hae Slos olgads jgamins los Ol uds Gausis sl i 598 (o0 030 Lol YF b+ 90 4 el LABLE ol )5
b 9 5955 sl 9 el Gioles 4 by e Jgl L Lable ol )5 540 0 J 58 Jas slos 45 dbaoly sgig0 k{?gléwgs){

Al oo e slos Olnds g5 1 Ol 4 by e p9o
Clock24: b
Analog = Getadc(3)
Dispd = Analog / 2.046
Ans = Dispd - Save
If Ans > 4 Then
If Dispd > Save Then
S = Second : M = Minute : H = Hour
End If
Elseif Ans < 4 Then
S1=S:H1=H:M1=M

End If

S1=S:H1=H:M1=M

Portb.4 =0

Portb.5 = 1

Pwm1a = Dispd * 2

Cursor Off

Initlcd

Locate 1, 13 : Lcd Dispd ;" c"

Locate 1, 1

Lcd Hour ; ™" ; Minute ; ":" ; Second ; " "
Locate 2,5

Led;" ";H1;"™";M1;"";S1;" "
Return )
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Clock12 s,
2alys Ko 1) hass Slos olgads jgamins los Ol uds Gausids sl i 598 o0 030 Giulei VY b+ 90 40 el LABLE ol 55
%9@%6&39@9@&@4{b,.g).agjg').LuuLable Oﬁ')b.b,&@d)ﬁfwéu_sdgwlg)fy ng);;wgs;

ol 00 A VY B G VP L -l cele (ol s cqe (Switch Left) s G

Clock12: A
Analog = Getadc(3)

Dispd = Analog / 2.046

Ans = Dispd - Save

If Ans> 4 Then

If Dispd> Save Then

S = Second: M = Minute: H = Hour

End If

ElseifAns< 4 Then
S1=S:H1=H:M1=M
End If
S1=S:H1=H:M1=M
Portb.4 =0

Portb.5 = 1

Pwm1a = Dispd * 2
Cursor Off

Initlcd

Locate 1, 13:LcdDispd ; " c"
If Hour = 0 Then Hour =12
If Hour > 12 Then Hour = Hour - 12

Locate 1, 1

LcdHour ; ™" ; Minute ; ":" ; Second ; "

Locate 2, 5

LCd ; m ; H1 ; ll:ll ; M1 ; ll:ll ; S1 ; m

\Return )

Second >
Sl i olgsds 4 1) a5l lewkis Olgs o0 9 03,5 b, Lable ¢l a5 aal o (Switch UP) asb wlabas s 0ol )lid b
N

(Second:

IncrSecond

If Second> 59 Then Second = 0
Second = Makebcd(Second)
|2cstart

|I2cwbyte Ds1307w

I2cwbyte 0

|2cwbyte Second

I2cstop

\Return )

:Minute >
Sl o olgsds @ 1) dads Sledis Ol e 9 05,5 o 5 Lable ol & 4l ,, (Switch Right) aass oladis s 0ols Hlasd b

inute:
Incr Minute
If Minute > 59 Then Minute = 0
Minute = Makebcd(Minute)
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/IZCstart

I2cwbyte Ds1307w
I2cwbyte 1
I2cwbyte Minute
|2cstop

Return

y
Hour s,

Sl o olgsds 4 1) el Olaghiss Olgs 0 9 65,5 Lo, Lable ol a5 4wl o (Switch Down) cacle olabis s 0l Lid b

Hour: h

Incr Hour

If Hour > 23 Then Hour =0

Hour = Makebcd(hour)

I2cstart

I2cwbyte Ds1307w

[2cwbyte 2

I2cwbyte Hour

I2cstop

\Return p

I 3,90 )13 S

30690 2ok 390 lahs rnLoJ9¢w|o.x.26>|)L=AVRL5lA)J):.;§9).(:.A ogel 5 69)ﬁ)|uwlﬂwﬁﬁb)54§),&im
38 dleel 5 595 b o5 po¥ Ol 1L s 2l (0 39250

:ATMega32 vs,8 pl S 5 5l an

A5 5595 15 SCL 5 SDA w35 DSW-1 ags s b 51 )

5 Uo9als LED SWITCH s s ok 511, WLED -¥

A o395 1, (5) LM35 5(1) L298 (F) LCD (sla sl DSW-2 sges s o 55 -1

238 0 0ot 32b 3 5 25 ooy MI-B s MI-A (sla 4y 4l L298 55l 15 998 S olasin o (3 b 31 5 590 sgige -F
J.Q.S olj,f Jlasl I) VS 9VCC Agl.g 93

eSS OS

A._\.Sl.)o.s).n)||)4.b9;)AMIC ué;[nl)fg).gﬂ.u.nwd[nl)fgﬁ |)9).(:AISP Q)%&)bﬂ)fl—\

53l IDM2X5 oo 53 puals o 3,b 5l il oo 3,55 Oly )l 390 pling (LCD) ,Ktlis syl 5l oslisul plkia 17
28 Jeae GND 6 [ Al b A o) 0 by 0

23wl 00 4z $ 78OS LW, K 5l Hlawe J 4das 09 29 salatwl &g 05 slasggs Sl &S aS by Hgige Obsml sl Y
D9 ol 1o VSS 5y ol YU Olgs sl 9590 5l oolizl &0

&b #F £ — DIP 4 SMD Jowo 8 9

B (R o 0 S P BV
&l SF-05-FA

QFP sla s b sla (o 6T 3 oslinul 5540
TQFP .QFN MLP . MLF

& 5L 09 9 0l 9l #l8

303, 59) g mas JB

http://eshop.eca.ir/link/617.php : JuuS Slousgs
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LCD1

LMo16L
*  Reset
wouw
254 2%, 85883885 e Ro
O
—|ojeo]  <|wlo]  ~|o]o|o < 1k
U1 U3
2 | RESET PCO/SCL g g scL x1
13 PC1/SDA 7 SDA
% T XTAL PC2/TCK [—5= X1
7 == XTAL2 PC3/TMS [—5% , —
P PC4/TDO (—52 souT CRYSTAL
5| PAO/ADCO PCS/TDI (5= 5 ) l
8| bazaoce  poroscs |22 [ e
U2 ] l g e i —e DS1307
| 27.0 JAVell}g Sz PA4/ADC4 PDO/RXD [—= L— o0 o—¢
e 0 55| PAS/ADCS PDI/TXD f—=
V3502 55— PAG/ADCE PD2/INTO (—=
- PA7/ADCT PD/INT1 [— 10 — g1
PD4/OC1B [—= o O \
——{ PBO/XCK/TO PD5/OC1A (—= Y
—— PB1M1 PD6IICP -5 ,
—— PB2/INT2/AINO PD7/0C2 [—— 10
—— PB3/OCO/AIN1 L — 0 o0——¢ ——
PB4/SS
=— PB5/MOSI 2
—5—{ PBEMISO AVCC [—= e
—— PB7/SCK AREF —— ‘"—-——0 o—e9 W
ATMEGA32 ‘

=T 1 "

INT  VCC Vs

5

L1 IN2 outt |2

0

| N 3

12 Jing ouT2
ENA ]

=|o

N =0 outs |2

| SENsA outs |4
SENSB  GND

8 1298

7

Hlae Ssles

Altium Designer V10.391.22084

Gl osly sl &5l (205,25 1381 p s PROTEL DXP olea L AltiumDesigner
ol 0as (2Lb Jsws sla lae (30 5 ST slajlae U7 s PCB sb (Kslos
lszl:,fol.o)d)mlgc\fc,‘wlt_;,.x;{h\ML&gbfwtnL;Aguws)l)élla)swhﬂgl}A;lsﬁ
omliml g S el bags o J552 3 ST slajlan ST .8l walys 1) b 5,90 axks
uas UL 9 S5 (sgLa Glols” wsls JJas ‘JSQ)._{ ,5 PCB L?’l)b b D9l (0 rbl:u'
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@rogram distance j

Cnt xie Co 25

@im cnt as byte j

5,5 eslawl Vel 5l Olisea

sub procedure interrupt

cnt=cnt + 1
pirt. TMR1IF =0
end sub
kol s
35,8 0 630 S0 LCD a5 598 (o0 asinn TRIS 505 b b )9y cumidg Il Jool &l o
255 oo Jled aady sl 9 LED ¢uis Jled 5l Gy s ol )
r N
main:
TRISB = $00
TRISA = $FF
TRISD = $00

LCD_INIT(PORTB)
LCD_CMD(LCD_CURSOR_OFF)

LCD_CMD(LCD_CLEAR)
\ J
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PP

PORTD.0=0
T1CON =1

pirt. TMR1IF =0
PIE1 =1

AVR ) 559 S0 b Jliuoe > geivw abols 5l
N

/IF PORTA.0 =1 THEN
PORTD.O = 1
T1ICON=0
LCD_OUT(1,1,"distance=")
cnt = cnt div 1000

cnt=cnt*V
LCD_CHR(1,10,cnt)
cnt=0
end if

goto main

END.

J
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4 . N ( B
t #include <stdio.h>
#include <mega8.h>

L olakis onl 0lgs 0 CodeVision 130 e 5 51 eslawl b
k5 5500 slaan 38 sl L CodeWizard AVR e s

o 1 Hasm
j .equ __lcd_port=0x12 ;PORTD

H= =3, e

EE*—F e s #include <lcd.h>

= fednl el el | ‘ #include <delay.h>
- fim3 — \ J
|12 e ADC Ut & e i

T 2,8 o 90 ADC Ugile &4 by oo Slashis connd ¢l )
o

e N
unsigned int adc_data;

#define ADC_VREF_TYPE 0x40

interrupt [ADC _INT] void adc_isr(void)

{
adc_data=ADCW,;

}

unsigned int read_adc(unsigned char adc_input)
{
ADMUX=adc_input | (ADC_VREF_TYPE & 0xff);
delay _us(10);

#asm

in r30,mcucr

cbr r30,__sm_mask

sbr r30, se bit| _sm_adc_noise_red

out mcucr,r30

sleep

cbr r30,__se_bit

out mcucr,r30

#endasm
return adc_data;
}
N J
Jua.&@ g_p_).xj 5_59.4.:4@ o3lazwl Mla).p d’b PE as dlm/..:a."w Cound Ui| PE
char distance[20];
loat i;
int space;
kol @6
el Hls a8 )<5.> Gl Cad @ l:,_g).,a Olaas U g (R aSun (@9)7 L ©29,9) LQQ),.: Cuwrdg ol (main) (51“4| el.? PR
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void main(void)

{
PORTC=0x00; DDRC=0x00;
PORTD=0x00; DDRD=0xFF;
MCUCR=0x00;

TIMSK=0x00;

ACSR=0x80;

SFIOR=0x00;
ADMUX=ADC_VREF_TYPE & 0xff;
ADCSRA=0x8E;

Icd_init(16);

Icd_clear();

Hasm("sei")
\ y

o J.:J.)Q)LLSA L)‘ll .J;:f@)';.@i)ﬁi.uog)bgoﬁ bJolPPC:; (ADC3)Q)}3)| I j,ﬂaT}Lﬂg)‘JJw ol ML)).: )Iwwl PR

INDEX ol 3155 (o )V Sogo 40 b 9 (58 s V2 YF s s 9 39d (o0 w5 B0 ¢+ e ) 25k o (float) s leel E95 )l
Sgad 0 0305 Hioles LCD s, » sl Cawdy Hlake a9 0 6158 £ Ogamol 8 Con

e N

while (1)

{

i=read_adc(3);

space=i*5000/1024*INDEX;

sprintf(distance,"distance=%d cm",space);

Icd_puts(distance);

delay _ms(1000);

Icd_clear();

|3

}
N J
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Windows CE 6.0

Windows CE 6.0 R2

Windows CE 6.0 R3

Visual Studio 2005 Pro

Mini2440 CE6 Suite 1001
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Mini6410 + 4.3"LCD .2

Specification
e Dimension: 110 x 110 mm

)9““”9%9)‘{?-& LSLQ sLs:.LB 9 a @U,S wl.w‘ 2 Dz L)ﬂl

@ . s 5. ol el s olb S3C6410A-ARM 11

ol 3L as g, opl 51l o Embedded MotherBoard
|30 USB ¢ JU jus Ogmed sla & pg0 sl 9 55,00 OTY 5,8
3y 0l K sl Lblg g VGA , SD/MMC abisl> . aSus ©
J.JJL LSA |)|.) I)

s Windows CENET ila Jule phun cuns 0lGl Guiees
orily il ol Ol el 4 s, ol g9, Linux
Ao ol ot 4 JuuKo 480%272 s L P ¥ S,LCD Kaolss
sl £l shy VGA i 5, Jlasl olal 5 puned S
25 g 5 ol Sliz sla b S5 5l Jyars LCD 5 CRT
b G sl a5 lalas g (Porotabl) us slas )8 cus
a8l e clin s« el K58l o b 5

* CPU: 533 MHz Samsung S3C6410A ARM1176JZF-S with VFP-Unit and Jazelle (max freq. 667 MHz)

* RAM: 128 MB /256 MB DDR RAM, 32 bit Bus
* Flash: 256 MB / 1GB NAND Flash

* EEPROM: 256 Byte (12C)

* Ext. Memory: SD-Card socket

* Serial Ports: 1x DB9 connector (RS232), total: 4x serial port connectors

e IR: Infrared Receiver

* USB: 1x USB-A Host 1.1, 1x miniUSB Slave/OTG 2.0

* Audio Output: 3.5 mm stereo jack

* Audio Input: Condenser microphone

* Ethernet: RJ-45 10/100M (DM9000)

* RTC: Real Time Clock with battery

* Beeper: PWM buzzer

* Camera: 20 pin (2.0 mm) Camera interface
* TV Output

* LCD Interface: 40 pin (2.0 mm) and 41 pin (1.0 mm) connector for FriendlyARM Displays

* Touch Panel: 4 wire resistive
* User Inputs: 8x push buttons and 1x A/D pot
* User Outputs: 4x LEDs

* Expansion: 40 pin System Bus, 30 pin GPIO, 20 pin SDIO (SD, SPI, 12C), 10 pin Buttons (2.0 mm)

* Debug: 10 pin JTAG (2.0 mm)

* Power: regulated 5V (DC-Plug: 1.35mm inner x 3.5mm outer diameter)
* Power Consumption: Mini6410: 0.25 A, Mini6410 +4.3" LCD: 0.5 A

* OS Support

o Windows CE 6
o Linux 2.6

o Android

o Ubuntu

http://eshop.eca.ir/link/6410.php : S Slxusgs
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Digital ICs Tester
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Coupling Inverter

- —

G

)5)9.4..1| ;ﬁ: 5[093 ul.'x?ul .J,.JJL;O 03 » )Kg T2 e
)Kg = [ j)l.:u) /})L& le).» dC—dC ).:L‘g ;i: 9

RID

Tt
z

U

ol plas (M) Je )5 SMES s5ly G =l 59, o0
Olase 3 1 65,5 SMES a5 ST I .ol ssis
Slead )l de ol s 43 008 sl pucblize
@ 0dd 0,33 (655 (AT o 0,5 Llay T e
o P) 5 0l 3 (U5} i B i 5,

£33 5 0 Ol s daly) g 4 (Sl

1
-
2

H=_—
A5 df

aus b Jlasl ;5 SMES sl G 035,58 0 oo slyzl: ¥ UK

p=2" o ow

cfi cli

N

P

/'S / Se

la

5l eas )l DC QQ)QI5@WWL:§9.M|L45
Al o0 g e 935Uy Vg e o

Lolal SMES & bl 51 0 g s o 4355 0loa
ol 8 b peld Js ol 0L, 9 cwl DC iy S

sl bol, G 1A b o i S 4 ac Olgs

SIER (N

Rk

D@

Ol ase el / 5,8l Jols qwlal baul) 93 .55 8
A 5 ek oul sl Wy mee Ssnl /5,88
] 0 4.:9;

Ol-j)—‘,’ & ;)93[{—\—‘”

sl Gl 0L,z @i 3,9l Sl slaiges SO USS
b1 )lx Ol ms e 0l |, WSCR (5,5, L

j

e b 0l @i gl Sl sl aiges Sl F UL

~

hl|

Sa

Sy

S

Ss

Sp

pasio SCR T 4yl 6,800 b g

o9 8 5 SCR GisT el e 45 53,8

Az, VP B0 o ® o9 Ko s wly e 0L > )
o Ol aie 5,9l 5 Shee d9ur sl 358 1B eslinl 590
b Ol 25 oo 5l (Ko & sl 00l b0 095 6sS sl G2 (ol
L.l e GTO 4 SCR I Giads Slgsl 6 5,5 o s
203,85 (o 29 5B i 0L 6ol Ol GTO' &, 5,
ol 9l 5l (b igels (b s 3y Ll Kol &5 wis
SIS PISY{ VR TY W] S R

031> Gubs 2 OgunligsS” la 05 (6 8K sin)ls Cdgn ol
gzl w2ty a0 Sigasla Guilys) S5l 6,5 elr sshis 4
GTO 399 L J.&L»L;a )93&)9.6“3|)5 (S uu.':l.?fg.)ﬂ 9 OB w
PWM) Gl 56 Opmasin iy 5l 155 g (ol i
Sl PWM' 4 GTO i o iyles Jue Sign)la ials” sl
JKG 0 &5 0L > e )08 23 g 35 (oa 3ds Wy 3l
siajls O g ml 5l sl dwgn ol T ol > oo sl olis F
o0 035 bo) b A Sl s bl (0 A S8 juns 3929
p8 LSS S, b auls 4w S¢S eS| oYL 1S 4w acgene
538 o )by

Gate Turn-Off thyristor )

Pulse - Width Modulation Y

www.ECA.ir



K
lineg inductance

Current Source

AL
AC network _L_ﬂ-

e

A

—®
o |
s |
& 1
W : -
_____I_.l:

Converter CSC Bypass and  SMES
andfnrtransfnrn‘l_q_r__ ---------------- overvoltage coil Lg
T acter | | protection.
®— | | capacitors ! | |

| —— | i

i ! L i I |

_i.ﬂﬂ"; | i | I
C:==: 0+
T

& | |

N T J
0b > aie 5,8 G,k Sl AC i L SMES g o sl = 5 S
" N
Line Inductance  \oltage Source DC-link DC-DC Bypass and SMES
andfor Transformer  Converter VEC Choppar  Over Voltage coil Ly

o

e

AC Metwork

Capacitor

1,

N

Protection

J
DC-DC > 5 5Wy asio 5,585 G2 3l AC isms b SMES gy o il ¥ JS
25 36 e L OL 2 spse b olyon asls 3 Klae ago 5 0ley 0 JSb( N
ol 551 e 4y a5 0o LS P UK 55 00 s 0Ly @aie iyl | WAC bus Lmi T ®
Glhe 0Lz e 5,9l S Bb Sl AC plusw K 4 el ob 4
LSI)-E &5;‘)-" o e ‘OL!)-? & ).3')9;@ S99 L ..)J)f e & IS5
.)J)fGAJaJ)AACJ)b)segyula)}d}wd.:SMEséﬁw ¥ ¥ ¥ -
Shls b OT L5 titna sloske U8 shls 0l gt sl 5,818 Yool su Loy
s AC B,b sla Guslowel Oles Sl osis Juate SGaud ¥ 4 1=J, -
f ¥ F
F-AlY-¥ connected superconducting
\_ transformer inductor )

www.ECA.ir




nlr=3Wy e 3,9 Y-
2l K0T il o Ol 2 maie 5,8l Jlslu Sl glite J5 eb 4y 45 ad b GusleKising gy plr—3ly e 5,9l lisbe
DCjU;QSMES@WﬂI)DC Qli)q)ilg.b);@ﬁ)al)Dleﬂggﬁgdgoxbduajxngéybo)i)ylfgﬁlgﬁ)g.\
Wy aie 59l 9 nla 695 8 283 a5 aw AC 0byr G ooge 4 L) DC 3y 0T 3Wy aite 59l 5 sas o i
2z s s bwgs a5 DC 5y 9 la GTO (T sblys Jas alowy 4 5081, 5 i sl olgs Ja8 auiea b GTO el
sz..i..jwdljfg.ﬂ &l)—k 5l Ql.:).‘? OX syl w,.nVSC @9)59dl.&5|.b.&)3 QGoly g 5Wy s D330 (P g0 D9 (8 (S
ol I, DC-DC ,l> o 5Ws e 59l b AC &, [N 4 SMES Jlasl 5 jbsle VISS 55,5 oo Lol gtmil 5
Aot )3 .l 48,5 & 00 SMES @W’DC S 5w DC-DC ;> 03938l L SMES ,les/5,ls J a8 9 <o e 285 o0
25 9 2k 4z 95 b DC-DC > el 3L 5,50 AC o ()16 Gl sl Olgs @ <8l 9 Jlo)l &5 (olas )8
il o0 S ag> S DC-DC il (5lg b8 b whd d5gas Olgie ) cawl 5L5 5590 SMES ;I & 5)Ud G Lo &S (53,90

SMES )lw Jaws -¥
),.B.bo4{MLQDM&W&Qbb)ﬁ'&)){@w&)ld,&@w;)gQQ)J:QLSLQW)JJSMESA}Igg{.:
),Sh),ml)sgi.go),:&u)s&LAC/DCJM,:&)L)WL»))JCUW wlomwﬁglpéhof))ophéhog)l.xﬁ
S8 Les J,u8” dshie 5 DC cwnd o )L Olgie 0 L bl A UKo 5 wl&MU)MWQDMKmMMU)”
L Gl ol e P.o.w)ug.\DC Wy e gt 55 T agly J,a8 b8 oo )18 ddhie oyl b > AC/DC sladaw 9 5,5 0
.-_“Mu|L5)S)9.~.3|96)MMJ5936|)|QSMESLs)lfw J;d)ajw,w)aal.uﬂwga)b)awyu),bbub.’d

:a;@&»o)béfﬁl W)ébeRJMLM&))'&f),»'JL))J

4 ) Q)ﬁW}bSMES‘shéﬁ)K—o
9 dib oo ompw (Saolns ol bls (bl ol Slo o 35 0
29, )8 4 Sl 5 Slae dgus gz ) Dlgs oo onl ol
mPower Con. | 2 b b b Gulide 93 )5 55 5l 0 135 (Hble) ol sla sy e
m Cryogenics | o2l ud b 9 O pxie 5l 515 sl (VA - M) 590>
wsMEs caif | Sk dsse 9 Sblog olime al3l sbia 4 M ¢i2)
259 50 8 4 s

Gl O puae 5l adgs Pzl 5 (g5lwlas ol sl )ls SMES o
PET (salail (5,15 0 0,00 Jud Sl soami0 Sl jal ol a5
SMES (slo 55 isms <o 55 00h 22395 4iz3a : (4) IS ol s 4 1, (Sl Grals 5 (Kaaliys 5 Shoe

oles) Y olessl) 5 & el e 4 SMES S ol @

Klas 3 15 angs 3 90 ool g (SKoaUl (5,9 0 40 4 95,5 (0% YL Ly -5,

SMES nes sla 5,115 1 0lgs cubsS” gm0 5 JUal b b il 33l o puils 53 mabiis )38 ()1l s ool )l b (3l O3lgaa o
A0l (0

o9l ysb 4 ailys o (+/V -1+ - MWH) busgio jolu 9 (/) MWH) 5 S 5ol L SMES (sla g 457 03l 0lis lagios sl @
Sl saladl oly Jsl g @se slas )l sl

A8 (o ks Olgs e obigST SWMasl gy 1) 0aiS 5 ane 5l JolS 9k 4 SMES s @

Mg 028 s 5l 0k )5 (Sl )2 0,033 Goyb ) el 8 Sluiidy @

Wy (Kealis colos o

)8 e J5 slesel cubls ol 59l e

SMES ulas 5 Ll3e -5
09 338 5,Les 9 5,l L oblia 235 oo prtannns ol 45 S osb 4 Al (o0 )L 9 5L 39ael il SMES (bl 025 e
4l ogde 4303, pb 0l Vb (Sl 9 O Osgs 05120 Olgs 0 SMES 6L|)A)§.o)‘l g a1l38 0T Gaubliae (59, 0 6 b aul
)L:)P»le.w le).» .\l.:) )Lu.uu 4».:).& uly@SMES '_»lJ.A)l J,.o.t (_J).u{ |) ));&LMUL»M' u',.vkgoSMES b,.‘>9l.!
gl K LSy mie )90l K9 DC-DC Ll S MbwawACW&%SMESQ)f"f@l@I sl pbol
oL ey &5 (6 5 aml e auza il ead Jate 65,8 FACTS lgol 51 (G 4 SMES ST Ll il 5lss g0 0L 2 aie
9l5l.uu))3 bl.‘v‘) Ul.:).’> u',:kgoSMES c_ag'l:.n)f.:)) el 0 U')Iq JX«::)Q LS)LATC)),.-O&)&J);LSA).’)Q |) OTDMJJ.:.(:.J

www.ECA.ir



G5 Ao
Llgs o SMES a5 ST 51wl a3 5515 o 3,90 (SMES) bl ol (b lize jlo 0,055 sla S 525 9 3 ,Kloe s lo allie ol 5o
L;LQW); 650l 0358 0,035 Asd iy Dlgsl H (G Olgie 4 13 ST dz b 5,55 o6gST Oloy aw o 1) 6ol 98T, 9 9uiST Olgs
0 b))l oaiis o s Q|}.:435)§3314_QT Ao lie 9 08 4l @ suposs cpl Jlasl sgos colgs 45 3,8 (oo L8 oalatwl 590 & ,08

s @l
ML&A l.» (5}).»| j)).’ oS o)_:.">.'> 6&—6}9]941’3 .b).ila.r- cs’l'l))l ! Ql.:.g'),.'? Sgox0 9 b.>|)' p,:£> (SR 038D ) D gRund ‘(5:.79].,\*4 Lb) -\
AQ ool —lgal Ol oz duged o515 — o501 (6551 B pans (555 Dol (5 puslpos e IS (yrn93 " 535 (6o pnses 53 B OT Gy

2- Business Insights, “The Future of Electrical Energy Storage: The Economics and Potential of New
Technologies.” Executive Summary, 2009.

4- Walawalkar, Rahul, and Jay Apt. Market Analysis of Emerging Electric Energy Storage Systems. National
Energy Technology Laboratory, 2008.

5- Buckles W, Hassenzahl W V, “Superconducting Magnetic Energy Storage,” in IEEE Power Engineering
Review, Vol. 20, n.55, pp.216-220, May 2002.

6- D.S. Padimiti, B.H. Chowdhury, “Superconducting Magnetic Energy Storage System (SMES) for improved
dynamic system performance,”lEEE Transactions on Applied Superconductivity, Vol. 66, pp. 51-55, 2007.
7-R.H. Lasseter and S.G. Jalali, “Power Conditioning Systems for Superconductive Magnetic Energy Storage,”
IEEE Transactions on Energy Conversion, vol. 6, no. 3, pp. 381-387, Sept.2000.

8- P. Zhu, X. Kong, H. Zhang, C. Han, Y. Kang, J. Chen, “The power conversion system performance of a
superconducting magnetic energy storage unit,” Proc. of 4th IEEE Power Electronics and Drive Systems
Conference, vol.2 , pp. 611 -617, Oct. 2001

9- V. Karasik, K. Dixon, C. Weber, B. Batchelder, G. Campbell, and P. Ribeiro, “ SMES For Power Utility
Applications: A Review of Technical and Cost Considerations” , IEEE trans. On appl. Supercond., vol.9

, 0.2, 2004.

by 6l K S gaig Slg
YT I 1990 EVY
4 )
@ Y
G
\_ /
\_ http://eshop.eca.ir/link/7588.php : LS Sl g3)

www.ECA.ir



J-LINK V8.0 553 g yo! 59 9

: oW d O3l e LB S 399 )l A

USB 2.0 &9 &b 5l 5guels’ b bls)le

(..., JAR , Keil ) calisee sl LiLols ;5 Slos g r’l)fb% blgs e

sla ) 8y Koo plas Sl JalS” (laniy o
ARM7/ARMY9/ARM11(Atmel,Philips,Cortex-M0/M1/M3, ...)

Serial Wire Debug (SWD) ;I slaxis e

Serial Wire Viewer (SWV) ;I slui, e

lekd SKlagil loliss e

12MHZ G JTAG cc o

Kbytes/second 720 G 55Lls e s 0

Kbytes/second 800 5 DCC cc s @

[IAR Embedded Workbench IDE L Jol5" 5,5 ;L0

(USB &,90 Gk sl 4sdis (aels) 035 4 56 09 e

target voltage (s .5 o511 cubl 9 JTAG signal Liles culs e

sazie slealliws I sluis

JTAG plug and play iwew slls e

g TECHNOLOBIES slssll oo Yo JTAG 5508 slls o

= . B2 (5V b5 <ubls) 3.3V 6 1.2V 519 o)l 5Ws o) 0

4 Cortex Y- e i USE i
ARM . Intelligent Processors by ARM® ()lJ aslol )JI).) 0 dabsl:u\) Mﬁ“ QA’S M» le)l-’ °

O \ ¥ O g0 MITAG )'| o3 lasuwl g_",..:l_glé °

Memory viewer ;| slucis e

Flash programming sle,l3sl p 5 olos 5l Slusiy o
Flash DLL (e Sl oluiis

Software Developer Kit (SDK) ;| sluxis o
Embedded Trace Buffer (ETB) ;| sluzis e

b Jol o.s)“'jh
.
Windows 7 v 3 ’ ’

http://eshop.eca.ir/link/506.php : LS ©lxusgs

Compatible with

\- o)LmZ—[agAde—}_l?tqum—Qli:l,S

www.ECA.ir




2 5 i Oligy (i ygel O g OLIS

ATMEGA (5, m @b F+ sla,) 58y Ko plo b Kialoa 9 ATMEGAL6 ) 58y Seo (slols 4

2%16 5,551, LCD Lailas ¢
LJ).Z.S 3,29 Las)939.A olxsl el le)g |/’.:;A PR X

L298 )%l).) Jawa.}' C,Jg fFALO }LZJg GB) 9)¢AT Y Ql;“)? ).2§|.x> l; 09590 93 %l).a olal <
)939.A )9._{').) )l bl le)a Lsls LSLQ.)%.) 2929 ’:’
o

RS232 ¢ TTL LJLg)w =3y shls **

Sk s RE sledgsle ,ubis ol nly sl dysle Jlasl oI

] (PVE
bs i g, 5, @
)W ..5).3 ‘
ON2253 jguins 332 Hlg> @
o il VX - sl s sl s sas S @
Solsa Il g 0,00 9 g 332 Sl 5 sl 202 ez @
. Jolss Jguas ol yaa CD @
soigal 5 sl b Sledbl s Kol ¢
b i Dby o5 Ghigel 9 (5,20 ¢
AVR b )89 Koo (puags 4ol G290l ¢
3,58 slslyil e g b hlals ¢
Sy Jol8 solail ol gz digas sl asl o @

g \- o)m—‘agédl‘»—}_”.}t\l@o—cﬂitlp'

www.ECA.ir

A9 S 03905 pl 59 5 gz ISP giGls™
M LSLQ.))))K C,«.Q,}B C))% L9>9)> ’:’

) ganinw > ioles g LED suc A
°|92'J’) ‘swl.ﬁ: SS9 » L_,ua.v k:Alelg ’:’

http://eshop.eca.ir/link/855.php : Juus Sloensgs



B9 I C)laao VAV - s ol le.mwygsﬁg b ‘\-:*:’)L.‘LSL“%‘
b b a8 g8 sl b ¥ Ogedl Gulagi w85 Spso el 3550 0
LQW%Y;&Q%J};J@Q)WQQ.);.X:J,.?Jyo.\.‘fadlélwém
Glcwd b as sbul oy 8 93 Jlo aiz 5l s sl VAVA Jle s slas azs,

Ay ) Ogd 9 Vgl

Sl Sl e

slas ) slacwey als VY-

o iddge Ol )3 cwlie MKl S

Mg g wlS Jb 4 b &S s slagsglesS

231y 595 e slaniy Sl 55T sy w00
BN g 4 gy LT &5 aslsr g oS0 bals
bohs ol om0 5,8 0068, cO0lads (sl dinds )o (Ko o8 il 95 Jiile

6[.& oS Lo [GFBEY) Ql.@.? .__sl).g mey u.:' Jgw 09D 6“)939"‘ 9 UJJS

B9y 0 i Olizxeds 905,55 ks
slcwy U.L.I:L)f S @ Eo Yool Jl ,o MWgsig 9 Jossm
le.:' ); )LC-T |) )l{ u,:l““q dl...u ).)ﬁlﬂj)'j.bb; 6‘4}.&)
s Lo p 3 i 555 kit las il gou S s 1 - -

| s le}"‘u' Q|9 7. ;”A.AY S5 P.._.Z.m.:.a L;ob l.nbuT 6}/..:' d).ha.o

A Cawl g Olas ol 9 3)ls (Sl 95,5 axl9 VO b)".)..'v"\.gdi.é)PA
Aaslie G o ol (Sl Sly a0 sslg V0 ol Slasl o5,
shy sla 355950l sl az ) (Huld Ll o ks o ol S
oL L ST s cisls salgs Vo - 4y s gl as s (LLED)
6 Lt 5l a5 550 aails a5 T il ol s
Sy dales d>g5

Ky 305 &UQG)STC»&)#@(’-’)A I Gl 3929 ¢l b
LED  « ebod & x5 o8, 5l g Shasle Hlsly nids
X590 gltal S9don rds)

2oz 2bo)l $lyeis 3l olass g i solT s ¥4 dle s
bkt ol il e 5 s el slaws, slacwY sl
s d.)o).?bg)d.?).mb d9>g94 L$~'|9 V- LSL“%M‘Y u.:)pT
&o}ﬁ,&@«félm)éu%)!qowf;)ﬁwl
ladls a5 Slus dea sl 9 LOT Gl b oiiwa 3edde 35 5 0,
a5 W‘:‘fcs" slpiday bx, 38 laws, slacwey [o)f )% 25 )
a8 By N 08 slel sladle ys i glsg s)lse ool b b e
slacwd 15,5 0,8 (S, 0k 2 0 L) S paw Ol
Qb; [n)f Alt.mgc\.g)aj bl:z.g_| LQuT RV J.:J.AT -’9—?9“—36' ALy
D9 Sl oslw LI ol Ll S92 e

www.ECA.ir



Sl VAFF Ul 53 100 Jbsy Ao 53 (sonis bl 31,8 el A
Al Ol 4 add dle G o 1) 295
Sl O 093 abis @ 1) o Jed s 1 omw a5 5,5 (o155 ol
oM puaie 5l ol ygT s 1) aallbe sl (B9 OT alawy 45 Guupes
155 aslgs o 45" 395 (5loske g5 1 35" 03liteal sl O 5 oS a5
A8 alul )l b 0l ©9d 09 (e
b @ A s Sl:iﬁl Y said) slp el el fl:{dl).w s 93
b o alyiis L s 55 0,8 00l L3 L st 03l 515 o8 ooy
Iin M slomyl Lol a8 o 8 I3 aslen (i g 09 Wb slales b
.o)bp.m
03 55 ST ast <0 JS5 el (p0,8 VAV s 595 55 0,53
a1y gas Sl 5 S5b Ay) K S5 el 315 drgs ) 353 s any
C)Bél,.adfU,J&bd.gl)o,.:.?o)lxﬁxggb;&ogsgbd)ka;ﬁl
Byl 0 m b a5 T a5 31 aly) S50 sloa b s lasl 1o go |, 03,15 5|
A8 B sl
BB a1 Gl g iz gz i o cany K g
Ol 5l L, Llex VAAY o cawsST s 55,8 adgs |, 5540 ealizul
sdie SISl 03l o 9 Ogunsl Gulegs slapl 4 Olasedsls
olf..i..:Lo.':)b|)5956th0%|)|0§€)?903&¢9};9KU.AT
OF )3 i Ogalas G 0 0355 urez o5 )l im0 Mallir
slosle ol o 5 ssb 4 lacwY awsliS Giole 4 xxils jguax
Q,m.:.ﬂ..x..:,:,l.sg_“a)ép.mL@;m)alqglwo);)ao:.&g)élslﬁ
LSS Gile U g 3 35 L 3Sla s Ak b 0 sk sl yud
Ls).;o)'l.xﬂ |)JJ5=AL5LQ\?,@Y 590 4 Ls)qol{&.:l.oj .J.'».s)f&g)& I, Iy,
éwb;f{.bm,.?o.).&.L:J,S),.’»)&ug)a)ﬁwﬁbé)go)@gm;
" 2\ o3l S0k 2> Ogmral Slacad 5 0l 0T ads sl 5l 550 sl sl 3 (Jgare 090
0305 (Wge s ol Jlasl ,u sl o il 4 Hlidg) )8 axlg V45 Ol 4 955 S| 4,
A 00l 93 el o b s5kaal Ko s 9s 4 9 10N Sl cwd 4y sl
soe Ol Oy (5 yeb a9 15,58 ds S o s Haix Y e aSol 4 Olgls ki
Blido p3 0 ST 0le) cul 53 395 4255 3590l puiie LOT o 0 4l 5 sl 4t slacwd
Al andls sg3 slaals o) (sl e b s
Lol b oo bl 59,330 93 oo Ob,> sgue b a8 (SOl g 0las 5 g5 b enl Sl Qi e 0
SOl oslatwl sls Jg 3,5 0 b9y 1) OLLS 9 S5 slaokeas b (K iUl ugh 359 00
Gl K, o], 4y dios 5 SasS 5 calin L (ol 4, slacwY g sg 031l 3l L
@LuTé.gbjfl):wngJ)Ls)ng)Jﬂlé,uAek;(:):ﬁlksl.aw)}m.xo;do&g)l)
£ ol LU o 5 Lobls Sbss, @l G anl,n db o a8 ola gd 598 (wiws 3

- N

\ A\ J
www.ECA.Ir




4. BamBoo FILAMENT
CARBONISED.

3. JaBrocEEO¥F CANDLE. |

4, BauBoo FILAMENT BEFORE
BEING CARBONISED,

5. RersiER Laxe,

s
i B~

7. WeRDERMANY Lanr, 10, Maxpr Laxr,

8. SrTANDING Lamp.

LAMPS FOR THE ELECTRIC LIGHT.

o

GLm%YJ.‘»KK)Jow.ﬂlgol/..o.m;P.i}ﬂaﬁ,_&g(bma)09»2J}?;(%W)a,?[olﬁlgg:gslm)kslm%uﬂﬁlpl
sl e AN Jlo Ll (b sl ) cons ue) 355 )l ol sla ¥ (sl s adgl sl sl s 57 S (gl ass
D 393 (659 44l (b Ages 4 0D And 4 89,8 (b o o uKe) Jgore (o Sl s Y (rren Aline
Sl sla s 53 395 slasiole b ool T 4 sl 259 ol ,o (Kol sla Y b a5 (656 sla cwd
b o oo we) el VAR Jl s ) 658l )b ol s Oly sl U (i il & risa b ol

www.ECA.ir



\ Qm

(w W)J,..m) 6ol )l)B LSI AL ) LSLQ wﬁ &Lﬂyl U“”)‘9 lej.v |) L;ILQ oK u.\.«J FERREE Jls ) London ElectrICIty J)w
(C«w')w}.:yw) .\J.\yab;wuwy)l G)I.L.Q,inawbulf)lfué;l.uul Wl)dl.m“}aélw)tsuwyts.\f]y LSLQJ;»: 14¥ . de).\

aib Joors 3,0 Lol 255 5 uai |) 595 .xj‘}o Sl osKiws Wog 395 la Al 035 ey sl 65 Ak b o & Gy S
)_s@ﬁw‘hﬁb)sé;ﬂl@h&”@ﬁblﬁpbpoT}lwhl.s,guu)m;)slcstslq@p\AA' Jlo Lilol b (eges
_5;Ju.::)eﬂ)w@hjﬂ6Q)ﬂwguml5&_ﬁTomQYl{l

9,08 lemrcl.v L ral...of 3,6 95 bwgs & ol Al ol YAAY Jls 2ol 55 oei oSl s C_§|9 Soallas s PHeE (v:..uou.:J9|
).‘5-|9| PRI o_{)%}:.v dl).:.: (_)Lgl.:} 2 ,_s)il:gu.)...!)_s-\/\/\f ’J.:lgl PRNETY o3 dislow (_)Mjl .hw,:‘t{).jy;ﬁ:ﬁ,wl IR W 4.:.-'>Lu Q)Lﬂj
95 8 )3 & Mg Gla oKl el 4 £9,5 Of Sl dn Je slacdys 51 (S0 9 o Slawls )5 5 5,5 8 4 slel Jl olea
63,8 Gulbl Guglsl oo,k

4..3)56“ sl L;.sg_sc..mrxfsﬁ).&ﬂwy |).'L., syks!}omd&»&él.mbé;um&)lf&l)} \‘\ u)s)>|9|9hw|9|)_s

)KLS)}’ AAA ;6%.56&(_][.»(_]95)3%003] us).;)l.SL;JL.u ,__»|A.»)l§u.u.,.al.a| Dg paSia a.x.s).g._ﬁlub,..c.
92095 IS5l base L (5595 8 opl ols drwgs 1) O YAQ: das 55 63L) 15 b a9 5,5 11,
sl 2y o a5 56 slacwy s axmT 5l 5 Kny) 56 dleds dluwg 4 &5 Sloj 9 e aisl
.J;Lso J.:J,S ts')l.ﬁ...&)) prY ‘J.Qt;a [o)f (J.Juk;o oo laswl L;":,

s slo S laaless a5 (5 9b 4 1) 395 5 Uge 3 b 3 ol 5 s 4 S5eSS (ol
A0 g g i G 456 )55 a0 i L i o S oo Mg S 29 9 g
b8 e |y ol 45, 9 o i Jas o8 glas, slacwey )l

by gl 3 slhas, Ay - 0 b a5 VAQE Jl 3905 5
slais, 9, opl 5lg 38 Joe 530 ) slales o Luilgs o as” s 1, 56

)l cainils (6 b (5090 4 (525

ﬁa.:.l.:lé 09 l.Al .).3)].3 ﬁ)l}b 03|93l.'$ PR I)

PERPNS PPl 9 25,5 oo oolatul 39dioe 020>
Co LSYL) J)l) Ql).ls O Ls:}ll.» ._,\9_5 Ls‘\.b.a.) U)—?
J.;)QL:J )9 L_{)L' (S \;))94\04.! |) UT .,\.:.5){&;0
— s s 4 0bbls 315 5 canls LS T

L s sosle 95 (pin 0B sias

095 Gaki op YL s g pgllils

oY lawls )5 ol s e oglice po b Sl
C)’f-ﬁ‘."“" LSLQ—)K Ul pa>Ae L;:f:'{“ Yl 039 9>
RY VRN EE VESRR TV, < S V2Rl KCSRp| PRV [y RS L B e | W

www.ECA.ir



. o

WAL T e

- ?ﬂ?ﬂ”ﬁf_{' daghi B o

L

i Sl 55 g ks S Usb o slatd ol supols ool
ose) )l 0l N0 aas o alals Lo iy ddad sla)ls s
2 sl slols slaal 055 Juoy Jb s 0L (cwly
o oY cail,d 0Ll o (e Cuow (ue) diwa 14+ s 4aas gl sla Jls
G ] 005 428 5 VAT (gaas ,o agls s a8 e ol yo a5 jekilea

O ufe) 135 00

www.ECA.ir




o b &Sy 05,5 bolsa bl 2Ks sla,b
51 s bolse 0ols L1384 ol 5l a9 salus
MP.QAJUbAJGLA)LLﬂungQW
S i 5l i 9598 3,59 s (dgis o9 el
O olbla 5 cunls b a5 Ll G Il i
0 1 oS cwY e 149 dle ) o5
[ol.:.l.lg 5,8 ég)...b s oxd o éb slal )l
ol & Kol S U oS5 5l K
GRS o9y 03,5 03,03 b 4 Sl s £guog0
05,5 bl 4 5L 09 ) 0T 0lgse 0T 0208 5
L9y S a4 wls Hls l‘“f"*"“ ds o ssslus L
i 6l 95 opl pule (blo)l zua) o9 05l
(335 2,

VAN Jlo o ginss sl as) slacwy 68
Q|9.:.¢:4.3LJL~\~')|J:.g‘)9)A|L»’9J5.LAT.\9;?94.g
ol 03,87 1ag dnlsl gl aii ) slacwd o )l skl
35 095l b 039 5 (6)lade &5 By A (ol 4 (Jo b5 I W 4y Kooz byl 5o 1) ez, @yl S slacwy )
Aase Gl O ee Jgb 9 sals’ o |, 55

Ls)..f,b ol o J).w)| d;,f)gb ladis ) Oab A.bl.’xug.\lb@ uu.ﬁlf I ol ,5)90,@;93;@ S yw I, M))lféfsy u)ldﬂ&a
u’”‘-‘pﬂ*’&;ksw)C)L’QB-‘){Nl)u‘l)l{Bul 3929 4 VAV das blol yo &5 59 (S hoS 4 P.wu.»l.xu DS o
Mwﬂ:l—‘.’;ﬁ“\w

ol S 31 s | s s, ol ol 2,8 a3 )L ) glas, slacwd G ol 53l Jli 1404 Jle s
S 85 2t puolic S| o298 0035a) 15l oo 351 p 1 b X Ygane 45 O5alla oS Hlake 5 il 2 56 K Jolis 45 S8
(a0 olias LusSTy K05 slge b 5551 b g Sl @

20 Joere slans) slacwy )5 a5 sad o0 oS 5l odi s sla il a5 s 5, laeyd L osla 3K Sl Ol o
iz &S o G Olgie 4 S sdla g e (295 og OME 05 el )X 4 Ole) g e w9 eis & Ol (J31s xb
9 Malion ardy 595 » o)bss &S S 5 g 0ad (Bl b e dedie 5 ) ooy a8 Gloy O Sl x5 sas e JKis
4.(3@.315 uT).o.c.d,b o0y Iy )9393)|3@4.<.3}:.o5|) ul...'> uj,.ll.cb a5 o> 0.1| .b).:f [ol:u| o,bgs m;,;ls.x.{@ Al)'T B u},Jl.Q
ol Ll s el sl cwl Wb s Ol adii ¢l bes b ue yo ail 536 Joaro slaii) slacwy o Ll Ole sles )l 0
aslis (s 53l slacwd Olgie b ol 53,5 0 03litwl Ojglla Olgie 4 2 Sl adsl Siella slacwed )5 09 ol sl 35l )l
(5 S3lan slacwd 4 lacwd 5 25 Wb casd b 3l 003Kl Yo gd las b 4l 5 08 5y 03Kl s lan K05y 008
09> pol> Jb> s .cé )5 1,5 ol 390 p9as olidg), QI,&:QA%YQgLQ)ﬂjgﬁgLQOﬁ|)93)J 39530 bols ol {MJ.:J.J
At (65988 gua Mdes o Lol il s)lilinl gl 4, slacwY I i 6,98 Lol 6,90 40

o5 Ol i (S Guan sl 30l gea b Js 059 Guyiws p5 GYsb ae sl Jaere inls slans) slacwy asil b
G bl Gl s s K 3l b avslie )5 &5 (5 b 4 )l g | (anSs slars, ¥ G p ST s Olis s 95 5 e e il
Ooexed 9 YU slads sa sbul e 4 LLE pac e sl o bl siea sol)l sl ) b lie slacwd dges a0 b

el Gy e 45 035 ges]

Sl as shs gladus sdo Jols ) (Kol adss  xlosg (Ko o yols slacwd 4, 14F - gaas I gxio 9 )bs slaoleasls
)934.3&&3.3;‘)9‘.4 6LQW|MQCL4J9J J:‘>|A)J Qm»),.lsdjg).bf@.\l:ﬂulm.ul)ﬁ)y wlo&zﬁ:b%)lﬁq,f);)l .b’,l.au:
el oy 435; O g0 9).3 Ol ©ad J,u8 )0 a5 Slacd phay 9 Cowels Slge 3,90 )3 Bakos dr GARd S g 0 oy, B
U'!l Al olxslely K.L)Al 0> QYl.ﬂgl.;,)l PE) ul.a),o.ﬁ )#bgm@ﬁ VAA- Jl 0 48T b 0 i '_”,duu),lé LSLQ%MY Sl
Ol b 8 (oo eolitl (sadgs g5 Jlake sli 1) a5l o) le G it 5 20 slans) Slacwd ol sla s )libinl b gl lacw
k;’:L’i by, ) @U)APQAAUTLEDAYM)@)BJQLAIMM)AZ& S yold il sl LSLQ(_{MYA{&_”M&'PJ&A@),?’
ol 00 (g sAas o

0315 Olis sl & Wy, OT )5 39290 3,5 9 30,8 g [,,5 sl LEDUl .l sais 5,5 osliwl 519 145+ das ;5 sola dews ol
St g5 b 0,8 b g axd iy slo LEDas S1059 10l 0595 g5 5L 238 ' o0 )18 eslizwl 3,90 (a8l 5l G gy b Gigels
sl ) slewy 5 b ads oF 35250 S, 5 canl YU LOT sadsl sanja Jy 15,05 @l plo 4 s YU 90,0 b 5o
Gl gaxsl Ay 05,5 L5l ol jl (K age salys K5 0anT 15 6,503 Glag Kol s 0 cpl 53 lagiolesT dea s (K
] Ls<'L" b, sl g was Comin a0 ek ,o (63L) do b a5 ($59)eisS (45" o0 rﬂ)f L) b a5 59,580l (595 )

S ol slans, slacwy b g cuillS salss s 1) 595 3390 9 5l Oliwls slaasle 51 (S 6595 4 wosle Gub 0 S59JeiS
Sl pales s 5l anal olis s o5lul Olea @ ol oluisl> polsdel a5

IEEE Spectrum 2011 P ke

www.ECA.ir
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Development of brain signal processing interface
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Abstract- There are many digital electroencephalography
(EEG) acquisition systems available nowadays for researchers
due to the demand in the brain signal research. The
electroencephalography (EEG) acquisition systems varied on
the specification, design and prices. One of the ambulatory
amplifiers for acquisition is the Trackit from Lifelines Limited.
Presently, the Trackit system is only available for clinical
applications. In order to integrate from clinical applications to
research capabilities, the Trackit has to be interfaced with
software that be able to do the electroencephalography (EEG)
signals processing. In our project, LabVIEW is chosen as our
software platform. Therefore, we have taken the initiative to
developed the software for Trackit-LabVIEW interfaced. In
this paper, we have demonstrated that the acquired
electroencephalography (EEG) signals obtained using Trackit-
LabVIEW software. Example of signal processing application
on the raw electroencephalography (EEG) signals was shown
in the results section.

I.  INTRODUCTION

The Laboratory Virtual Instrument Engineering
Workbench (LabVIEW) developed by the National
Instruments that originally release in 1986 is a graphical
development platform which required drag-and-drop
graphical function blocks instead of writing lines of text.
Additionally, the data flow representation will require the
user fewer amounts of time to develop and understand the
code compare to the other texts based programming
language [1]. The LabVIEW is compatible with multiple
targets from workstations, embedded devices and on various
operating systems including Windows, Mac, Linux and real-
time operating systems such as VxWork.

Trackit from Lifelines Limited is an ambulatory
electroencephalography (EEG) recorder, which requires 3
PP3 batteries. The Trackit consists of 24 EEG channels
which 20 channels are unipolar and the other 4 channels are
bipolar. The weight only cost less than 500g including disk
and batteries. The recorded EEG signals will be stored as
native European Data Format (EDF) in the compact flash
card inside the Trackit. The sampling rates range from 1 Hz
up to 256Hz and used 16 bit analog to digital converter. The
Trackit system purposely designed for clinical applications,
such as epilepsy monitoring. Therefore, the system does not
have the driver that can be interfaced neither for MATLAB
nor LabVIEW.

However, the Trackit system specification, feature,
physical size and design meet our requirement for brain
signal research. By referring to Table I, the Trackit cost was
the lowest and within our budget. Due to these criteria, we
have decided to develop our own Trackit-LabVIEW
software for the system.

II. EEG ACQUISITION SYSTEMS COMPARISON

The selection of the EEG acquisition systems was made by
comparing the commercial EEG biosignal amplifiers [2]
available with the essential criteria required in our research.
The criteria required for an EEG acquisition system for our
project are;

e The biosignal amplifier must be powered by

battery;

e  The minimum of 4 input channels;

e  The minimum sampling rate of 128Hz;

e  Support driver for LabVIEW.

The comparison of the EEG acquisition systems was made
by comparing the specifications between g.USBamp from
g.Tech, Trackit from Lifelines Limited and ActiveTwo from
Biosemi. The three systems met the criteria that the system
must be powered from the battery. The Trackit from
Lifelines Limited has the highest number of input channels
available with 24 channels and the lightest weight system
compare to the other two systems. Meanwhile, the
g.USBamp from g.Tech has the highest sampling rate of
38.4kHz exceeding the minimum sampling rate of 128Hz.
After the three systems specifications have been compared;
it can be concluded that, the g.USBamp and the ActiveTwo
have very high specifications systems compare to the
Trackit. Additionally, g.USBamp and ActiveTwo have the
driver interfaced for LabVIEW which enable offline and
online signals processing. Due to budget limitation, we have
decided to choose the Trackit Lifelines Limited as our EEG
acquisition system. Using the advantage of LabVIEW in
instrument control [3] we have developed the Trackit-
LabVIEW interfaced software for our project.
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TABLE I

Trackit Connect
EEG ACQUISITION SYSTEM COMPARISON

sConnect with Host PC

Specifications g¢.USBamp of Trackit of ActiveTwo of
p g.Tech Lifelines Biosemi
— Up to 24 unipolar ‘
Input 16 mono- / 8 bi- EEG channels 16 channels
Channels polar — Up to 4 Bipolar ’ .
EBG chanmsls Host Transmit Heartbeat
. th
24 bit, 4 sBattery status
24 bit ADC . order Delta- :
(38.4kHz internal 16bit Ato D Sigma *AcquireStatus
Digitalization | sampling per converter with mpdulator
channel) 12 bit sample and hold on | with 64x
DAC every channel oversampling,
one converter
per channel Initial Trackit Setup
. 2048 Hz,
1 - 256Hz sampling 4096 H. . .
rate, independently | ¢} 11 *Patient, Recording ID
Sample-rate | Up to 38.4kHz Z;';‘l’;f]’sle (‘;’E’OIY 16,384 Hz *Setnumber of angoing
256Hz or 25— (sample rate
200Hz) is adjustable
by user)
<0.3uV RMS (0.1 . .
Noise -10HZ) or 0.85uV | <3.5uVpktopk | 1uV pktopk Acquire Signal
pk to pk
- - eAcquire ON
Weight 1550g < 500g (including I.1kg quire
disk and batteries) ) *Ongoing 5|gnals
Driver
interface with Yes No Yes
LabVIEW
PC Interface Cable (USB) Cable (USByor | 10 (UsB)
Wireless D d
ecodae
bP:tt\R;erryby Yes Yes Yes
Price! 1 3 ) *Decodingalgorithm

"price scale ranges from 1-3 with maximum (1) to minimum (3) respectively

III. METHODS

Display

A. Driver development
eDigital to physical signal

The Trackit 24P version Mk2 was used in driver .
amplitude

development. The Trackit driver development started with
identification of the data flow from a Host PC to Trackit and
vice versa. The data flow can be a ‘data write’ or a ‘data
read request’. Trackit device will response to the Host Figure 1: Flow of Trackit-LabVIEW interfaced software
either an ‘Acknowledge packet’ or ‘Not Acknowledge

packet’. After that, each data value was encoded by adding

0x20 to it. Then, the Trackit was connected with Host PC 1)  Trackit Connect

’
“

via RS232 serial port. The Trackit-Host PC connection was done via standard
After connection has been established, the Heartbeat RS232 serial port at £12V levels. Trackit will transmit
command was transmitted to the device to retrieve the the data as fast as the serial port allowed during the
current status of the Trackit. The initial settings were set up transmission. Before the establishment of any serial
before start acquiring any signals. The initial settings communication, the initial settings [4] for the serial
include giving the information details of the patient, port describe as below:
recording file and selecting number of channels that will be a. Baud rate
used in signals acquisition. Then, the acquired signals were The baud rate describes the communication speed
started by turning on the ‘Acquire On’ and the ‘Ongoing of the device attached to the Host PC via the serial
On’ option on the Trackit device. After that, each data port. The baud rate of the device and the serial
received from the Trackit device will be decoded and port must be matched to access the device.
converted to physical signal amplitude before plotting and b. No. of data bits encoding character
displaying the signals. The flow of the development Trackit- The standard 1SO 8859-1 character set requires
LabVIEW interfaced software was shown in Figure 1. The eight bits per character to transmit the data.

details of each step taken will be explained further.
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2)

3)

4)

5)

6)

c. Parity bit
An error handling which the parity bit can be set as
either an odd or even parity bit.

d. No. of stop bits
A character indicates that the end of the data
transmitted.

Host Transmit Heartbeat
The device sent the current status in response to the
‘Host Transmit Heartbeat’” command. The current
status that has been sent were the power status and the
status of current conditions of the device. The power
status will give the informations about the batteries
conditions as follows:

e The batteries already inserted;

e The indication of low power batteries;

e The device connected to an external power.
The status of current conditions of the device will give
positive status when the;

e The PC-card was inserted;

e The batteries door was opened;

e The device was acquiring signals;

e ‘Acquire’ status was ready (European Data

Format (EDF) record and setup are ready).

Initial Trackit setup:
The command of ‘EDF Part Header’ will set the initial
settings for recording involving the information details
of;
e The patient and the recording;
e The file name of the recorded signal.
After that, the command ‘set number of ongoing signal’
will allow the user to select number of channels that
will be used in the recording.

Acquire Signal

The signals acquisition can be activated by giving a
command ‘Acquire On’ to the device which in return
the Host PC will receive the acquire status either
‘Acknowledge' or ‘Not Acknowledge’. If the Host PC
received the ‘Acknowledge’ status, the ‘Ongoing On’
command will be transmitted to the device from Host
PC. Once the device received the ‘Ongoing On’
command, the device will start transmitting the data of
ongoing packets to the Host PC.

Decode

Every data bytes transmitted from the Trackit to the
Host PC was encoded. Therefore, the data bytes
received from the Trackit must be decoded first in
order to retrieve the original data bytes. There are five
different types of data and each of its is having
different resolution range and each resolution is having
a different decoding algorithm. The data type should
be identified first to decode the data bytes then,
decoding algorithm can be applied to the encoded data
byte.

Display
After decoding the data retrieval are in the digital
range which from -32768 to 32767. However, to plot

and display the signals graph, the data in the digital
range must be converted to physical signal amplitude
where the minimum value is -5000 and the maximum
value is 5000 in puV.

B. Driver testing

The developed Trackit-LabVIEW interfaced software
was examined on a subject. The channels at C3, Cz and C4
over sensorimotor were selected with reference and neutral
on left and right mastoid respectively. The -electrodes
impedance were maintained below 10kQ. The sampling rate
of 256Hz was used during testing which exceeding two
times the highest frequency of interest based on Nyquist’s
theorem to avoid aliasing. The test required the subject to
lift right leg, stand up and eyes closed when the cues were
given.

IV. RESULTS & DISCUSSION

The available Trackit software was shown in Figure 2,
Figure 3 and Figure 4 during offline data reading. The
available Trackit software did not support signals analysis
tools and only allowed recording and displaying the EEG
signals. The other features of it were impedance checker and
notch filter. Figure 2 was example of raw EEG signals
acquisition using available Trackit software. The raw EEG
signals were extracted during right leg lifting action at C3,
Cz and C4 channels with reference and neutral at left and
right mastoid. EEG signals in Figure 3 and Figure 4 were
acquired during the subject standing up from seating and
during eyes closed.

The front panel of Trackit-LabVIEW interfaced software
was shown in Figure 5, Figure 6, Figure 7, Figure 8 and
Figure 9.The initial settings of Trackit for signal acquisition
was shown in Figure 5. The raw EEG signals shown in
Figure 6 were acquired during the subject lifting the right
leg action. The channels used were at C3, Cz and C4
channels with reference and neutral at left and right mastoid.
EEG signals in Figure 7 and Figure 8 were recorded during
stand up and eyes closed tasks.

O F 3§ 1§ |

L Right Leg Lifting \’,"\
ey L
me’*mww i TR
" ‘
"\M’.‘
i WU Mg S ol s g e e Pl M e

|

Figure 2: Right leg lifting action acquired using the available Trackit

software.
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available Trackit software and Trackit-LabVIEW interfaced
software, we observed that the raw EEG signals acquired
from Trackit software and Trackit-LabVIEW interfaced
software were identical.

Figure 9 was an analysis example of the raw EEG
signals acquired shown on Figure 6. The Fast Fourier

Figure 5: Initial settings for signals acquiring.
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Figure 9: FFT analysis of EEG signals.

Transform was applied to the raw EEG signals which
consist of Mu rhythm in 8-12Hz band [5] at C3, C4 and Cz
channels. From Figure 5, Figure 6, Figure 7, Figure 8 and
Figure 9, all the settings that required in the Trackit were
displayed at the front panel of the Trackit-LabVIEW
interfaced software.

The light green color of the square LEDs (Light Emitter
Diode) on the left side of the front panel were status
indications of:

e ‘CONNECT’ — the Host PC was successfully
connected with the Trackit device via
communication port 13.

e ‘Ext. Power’ — the Trackit device was powered
from an external power.

e ‘PC Card In?’ — the compact flash card was inside
the Trackit device.

e ‘System Ready’ — the Trackit device was ready to
start acquisition.

e  ‘Acquiring’ — the Trackit device was in acquisition
mode.

The tabs control, text indicator and buttons on the bottom of
the front panel shown were:

e ‘Display Tabs’ — the selection of front panel view.

e ‘COMMAND STATUS’ indicator — the
‘Acknowledge’ indicates that the Trackit device
was accepted the command given, while the ‘Not
Acknowledge’ indicates contrary.

e ‘START ACQUISITION’ button — the signal
acquisition will be started when the button pressed.
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e ‘STOP PROGRAM’ button — the program will be
stopped when the button pressed.

e ‘TURN OFF TRACKIT & STOP PROGRAM’
button — the Trackit device will be off followed by
the program when the button pressed.

V. CONCLUSIONS

In this paper, we have demonstrated that the raw EEG
signals acquired from Trackit software and Trackit-
LabVIEW interfaced software were identical. Using the
developed Trackit-LabVIEW software, the example of
signals processing method that was used in this paper was
Fast Fourier Transform applied on the raw EEG signals.
LabVIEW enable any user to do the signal processing if the
signal processing toolbox is available. In case of the signal
processing toolbox is not available, the user will have to
develop their own programming code for signal processing
in LabVIEW.
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