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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)
o 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

o 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.

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)

-IIC 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 IO, user-friendly external circuit to the secondary development of other applications.
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MATLAB b 55 35 5 4ali s 451,

23 g 9 285 Sl 11 0gh 0 puls] i Sl Gl Blisee slacl 0jg> 5o 585 Slewle uils %A:.o.al (398 g, 40 (3,5 L
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% 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(b2"2-4*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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3 1 Vo oS ot oS 50 41 155 s 9 ikl el S ool 0 .

el Ly 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 » complete input matching

vswrout = 1.0000 » complete output matching

o0l sy e 315 (79,5 9 6399 95 ilial Bk B8 b g 390 Hlasd 4 6195 9 s Juolos B 55 4 o] ey s
Abbse Eadgn opl oS Al (29,5 5 63909 VSWR 00 G Ll

oilagel G5 45 ol b
33T Slaal il 5 Lo Jy 39 on 03lital o sy Solo bsks 51 uilS 5 slalie puslisal Gk slaaSed (o1, 5> Ypano
ples ooliul (Lumped elements) o3 6 Lolic I ols duad lis cpl 5o
MGA gL Smith chart 9 |, abs 9> ()-ll ‘ FMS 9 1—‘ML ()J)QT Cawds U

I, =T =0.8054 £176.7683

Ir,, =T, =0.6741.£162.9096

P%)Sl Cow do )‘ﬁ" l)ZL QZS){JGA M',S‘SA s 93 U'i‘ 9 )|
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a Input network matching : £r = 0.2798nH g Cs=1.125pF

a
jl§ Output network matching : Lr =0-39787H g Cy=1.273pF
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Mo dify Measurement

Measurements |

Measurement Tppe M easurement Twio Port Marme
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= Linear 2 g,  MGFA4364BL by mahdi kamangaii |
AL
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Circle NE Sweep Freq [FDOC)
Gain MFkin :
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Phase Shifter AN
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Port Farameters ™
FreRelsaze Yk
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Moize Factor [2 port only)

Simulator | Defaul Linear v|
Configuration | p efal v|
Complex Madifier
7] d&
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Modify Measurement

Measurements |
Meazurement Type Measurement Data Source Mame
Dats R_SRL Y - -
- MGF4954BL by mahdi k w
Electromagnetic EEENGEPM | v MAnd) kamanaar |
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CQutput Egquations $LT1 9 -
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Glasgige 651560 ol) 559 LM35 ) guin b Lo (6,05 05105l 0950 cpaizmons 9 ICDS1307 L o bls)l 9 12C JsSg, b o390 ol sl
ol 03905 0305l AVR gl 3,0 51558 3lpe b S gt g - patlys 13T L298 Luys DC

3,8 2 3 gz 0 sl Olgas 4y g 00 Sz s slos Ayl Ogie Glales a3 OT 05,5 b9y b &5 sl S50 el 4 lae 5,5
155 o 45" ol 03t Ly (] s & ke ol o3l 455 ols |, banoma slas b b (oo Linl33l Los Linl33l b ot aslizal jpipe 193 9
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$regfile = "m32def.dat"
$crystal = 1000000
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@lib "ds1307clock.lib" )

e o.)u.'Z:)inT)Lx.BAWQo.k& olswl TS ul,,.cq.,l.ual @,«w‘d.‘a.ZAR/WLCD d.a»l.gd.sd.prI'tAl r‘,.z.ugla)LQ.? b,la; 2
bl o lasds” (a8 5w Olej 9 /O Olgie @ la )9 53 S 0 by s pa05b b e bghas

6onfigPortb = Output b
Config Pind.2 = Input
Config Pinc.5 = Input
Config Pinc.6 = Input
Config Pinc.7 = Input
@onfigDebounce =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 Y

d.gl.;go.)b u|9...cd.:SDA A{Lg QT).)AYW' 0D Ly y25 CA.CLA:ICQ)])LSQ)K.:AU.&;IzC bl.d)ld.».b,.»)ﬁ sl 4l s bs g o
:Jﬁf@)l).";oblﬁbnl.))gﬁ J“UI}»&‘\JSCL

ConfigSda = Portc.1
ConfigScl = Portc.0

:.k&l.gksno.&.aiaoblﬁwh_;u(siwia&bQJ;PUHUPQbﬁﬁf)wgwbg&gwb,b

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

et Portc.7

QLC)LHU.MI? ,‘5|).3w).>‘|‘g£14§w|o.>;l.kﬁ &W|M9)QJWQ|}§Q)|A§A9)M9Wg@g%b,ﬁ,o
il 0 ICDS1307 )5 wledbl yxigs sl 6,55 9

Const Ds1307w = &HDO
Const Ds1307r = &HD1

’p-i)'l-’):ic_s""ub)-.‘ 23 o3lizwl 3 50 Sla jurie uogs 4 J>

S o 610K 395 53 1) Led g Jlimu s Hlaie 9 059 WOrd L 5l uase ol :Analog ,ixze

A8 o a3 Lo sl ood B o3 G ) gt i Jlada 5 03 WOrd iz Sl s i cpl Dispd uice

ol 00 03lazwl LCD (59, ¢y 0515 s g ForNext aal> ool ;5 :Sh ,uize

Sas oo sl 393 o ) a2 e sles Olea b lame slos lake sl 039 Word s 5l a5 uiie ol Save .z
.Jﬁ@oﬂéb‘ubwwordM}lﬁf;ﬁﬁnwl)be)ﬁéu)bsl&éélﬁbwuﬁg',.?:AnS).:.iJA

35,8 oo ol,8 eslitul 390 el g 4iBs @il ,o5lie 0 05> 5l W e ¢l :Hour y Second Minute sla .aze

A oo b 395 o 1) b s Olej b urie (pl :H 9 S M sla ki

Q),;gao.ﬂd.go.)ui:o.)LéL.J MLBA@,A).) .u:l.:ts,ngs‘M 6LQ).:.’.:A)I.L§A ULQ.QLQJTﬁJLSAA{LQW ol H1 QSLMl L;LQ).:JL:A
a3 Gl LbH oS M Lgl.m).:.i.:.oQLQA)L&.BAJub)le,.gﬂ,:.ofc?,oél.w,@,;fdbsd.bw)ﬂaf

el 03 0303 L)L H 9 S M sla e 55 Lao adol Hlade 9 osds Ghgels s OlKe x5l 48,3 )13 la e iy o5 5l e a5 s 4w )
03,5 Sy C&L@)Jg...glAJQKA‘LCD 039_30549)[.1&9.4[5 &uaw.www)gob;wbIniﬂCd LCD Jgwmwd
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b o Sledbl il gl 0T 03,5 03kl 9 LCD
PORTA.1 & R/W @b coblse b g Jsl55 5l 6,80k sl (soisel 5,0 69) » 4 ol cpl Initled Hgaws jloslizwl Jus :ass
R |) ).b.) S)90 QLC)lbl LCD 9 g_)l,S uo.'o),.?.wb U’l' )l Ob)s o lazwl S Hgeo )d aS ol 03 Jua.bo

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

il ol (sla Cannd gus 55
:PrOjeCt >
.J).:f@)bgsave)fiiﬂ)b(?)ﬂkslﬁsf)',@4.390.).50&w&u&ojgﬂ'&b&ufl{l&)bwwl)b
~

E’roject:

Cls

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

Shiftlcd Left

Waitms 500

Next Sh

Analog = Getadc(3)

Dispd = Analog / 2.046

Save = Dispd

Wait 5

J

:Main >
.39.4.:., &° gf.‘? 'BL.\.AIzC ,Jgj).: 4.30.3'3 -_"aél.:)bg LJLw)|9 la le'.u.u.:a C"’.‘.l‘e" @DO..LOOP s> gi:)) ] U’l' PR

Main:

Do

Gosub Ds1307

Gosub Switch
oop

Ds1307 cux

Caound U‘:J9| PR u.'i.o.:),.' le).v() WgIC alasl> PR U':“':"S" WDS1307W d.u.o.w ijﬁ; )K %)LC-T J.(?g).: > U'.’-I PR
9 ob; )l{ LY) &9).«:: IZC (DS1307r) )l QLC%' u).t|9.’> le).» abasl> L)u)JT dl.w)l WOV J JSQ).: |b.\.’>u O ol 03 43.&9.» L)u)JT
Pgd oo bgie 9035 Caclu g i Al Gi)led 4 by e sl Gl iy 4 g8 O 5l an

190 4y h ez nl o

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

Sluis 0Ty 5 coly 0ly (0 w5 ol 49 398 b Jlaws 4 BCDIC 55,5 395 (o0 cacl bas cpl 925wl 48,8 1,3
Ded o0 Obles el Gladais Cond o Hids b opl 5,5, 5,8 sl
ol 48,8 51,8 ccli 9 amds WSk 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 h
|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 Dladiis @l esliiwl 390 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 >

2alys Ko 1) has Slos olgads jgamins Los Ol puds Gausids sl e 598 o0 03l Ll YF b+ & 90 4 el LABLE ol )5
b 9 5955 sl 9 el Gioles 4 bgs e gl Jhaw Lable ol )5 540 0 J 58 Jams slos 45 dbaoly sgig0 Lf’)"s't}ﬁ'""f"'“9")§

Al (oo e slos Dluis 3 Ol 4 by e p95
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) hae Slos slgeds jgamins Los Ol uds Gausids sl e 590 (o0 030 Lol VY B+ & 90 4 el LABLE ol )5
)b*ugg}szsl.‘o),cachuuigl.o&ig.b,.g,adﬂ)b.wLable Cﬁ|)b.b9&@d)ﬁ§b§>¢46u.\4{M|5)93,Ak;?9)5cﬁ.:gu&93;

.ML@W&LA)Qbﬂ.&J C,.:PTQLA}A{L,.}).A[”J
el 008 A VY B 4 VP U -l cele (ol i cqe (Switch Left) g 4G

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 ; nn ; H1 ; ll:ll ; M1 ; ll:ll ; S1 ; nn

\Return )

Second >
Sl i olgsds 4 1) a5l lewkis Olgs (o0 9 03,5 (b 0 Lable ¢l 45 aul o (Switch UP) asb wlabas s 0ol )Lid b
N

(Second:

IncrSecond

If Second> 59 Then Second = 0
Second = Makebcd(Second)
I2cstart

[2cwbyte Ds1307w

I2cwbyte 0

I2cwbyte Second

I2cstop

\Return )

:Minute cuw.>
Sl o olgsds @ 1) dads Sledis Ol e 9 05,5 o 5 Lable ol & asls ,, (Switch Right) aiss oladis s 0sls Hlisd b

inute:
Incr Minute
If Minute > 59 Then Minute =0
Minute = Makebcd(Minute)
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(12cstart

[2cwbyte Ds1307w
I2cwbyte 1
I2cwbyte Minute
I2cstop

Return )

Hour s,

Sl s olgsds 4 1) el Olaghiss Olgs 0 9 65,5 Lo, Lable ol 4 aub o (Switch Down) caele 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

30890 2 2 )9e Dlabd plas g cunl sl (2,6 AVR sla 2879 Soa 3901 250 590 2 olae l A4S o b o a5 Hekilea
a8 dleel 5 595 b o5 e Sl 1l s 2L (0 39250

:ATMega32 vs,8 pl S5 5 5l an

258" 59, 1) SCL 9 SDA 4l 93 DSW-1 pmgus o5 (32 ,b 51 -)

58 Gigels LED SWITCH puger o5 32,0 51, WLED -¥

S o, 1) (5) LM35 5(v) L298 (F) LCD sla a0t DSW-2 g o3 consd )5 -

238 on Oled Gk 3l 9 25 Juog MI-B s MI-A sla asl 4, L298 (sl 53 3550 (Solossa o eob Sl s 3590 ysige -F
.,\.:.5 ol.?,f Jlasl I) VS 9 VCC 4.3[.@ 93

eSS OS

J.._\.Sl.)o.)).»)lbd.l::y,odﬂslc ua;[nl)fgﬂﬂ.\:.u.\.:..fua[nl)fgﬂ |)9)§:AISP Q)%L}:}.L:ﬂ)f‘—\

b IDM2X5 cand )3 sl o bl sl (o0 558 Qla L) K5 3550 plagy (LED) Kiales lse 1 eolisl pla ST-Y
28 Jae GND 6 [ Al b A o) 0 by e

23wl 0s 42,8 7805 6, Gl lae JS 03i5 092 9 eolitul Sy o5 slajgige Sl a5 AT by Hgige Ol sl Y
D9 ol Al VSS 5y ol YU 0lgs sl 9590 5l oolizwl &0

&b #F £ — DIP 4 SMD Jowo 8 9

B R o 0§ S P BV
4l $F-05-FA

QFP sla s b sla (o 6T s 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
»ouw
254 2%, 85883885 e R2
O
— N < |0l ~joojo|o| < 1k
U1 U3
S | RESET PcosscL (22 4 o R
13 PC1/SDA [—5= SDA
7 T XTALt PC2TCK (22 X1
7 5 XTAL2 PC3/TMS [—5 7
w0 PC4/TDO [—52 sout CRYSTAL
5] PAD/ADCO PCS/TDI [—>= 3 ) l
s | oaomocz  permosce [ 22 [
U2 ) I L PA3/ADC3 . —e bs1307
| 27.0 Vell}g 2| PA4/ADC4 PDO/RXD [—= L——0 o0—¢
) S| PASIADC5 PDI/TXD [—=
VR 5| PAGIADCS PD2/INTO [—2
- PA7/ADCT PDS/INT1 [—= —e — g1
PD4/0C1B [—= 0 O 1
—— PBO/XCK/TO PD5/0C1A -
—<— PB1/T1 PDIICP (= |
—— PB2/INT2/AINO PD7/0C2 [—<- —e
—— PB3/0OCO/AIN1 L—————0 O0—¢
PB4/SS
>—| PB5/MOSI 2
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@rogram distance j

€Nt xie Coy 25

@im cnt as byte ]

5,5 sliwl Vel 5l Olicea

sub procedure interrupt

cnt=cnt + 1
pirt. TMR1IF =0
end sub
kol @6
35,8 0 63080 LCD a5 598 (o0 asinn TRIS 505 b b )9y curidg Il Jol &5 o
255 oo Jlad aady sl 9 LED ¢us Jled 5l Gy s ol 5o
r N
main:
TRISB = $00
TRISA = $FF
TRISD = $00

LCD_INIT(PORTB)
LCD_CMD(LCD_CURSOR_OFF)

LCD_CMD(LCD_CLEAR)
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Dgad 030>

PORTD.0=0
T1CON =1

pirt. TMR1IF =0
PIE1 =1

AVR ) 559 S0 b Jliue > geivw 4ol 5l
N

/IF PORTA.0 =1 THEN
PORTD.0 = 1
T1CON=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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" T #include <stdio.h>
a B #include <mega8.h>
R ’f] #Hasm
1 .equ __lcd _port=0x12 ;PORTD
{EUL% o % I #fandasm
T e 2 o #include <lcd.h>
sy - ____ | #include <delay.h>
" prm — \ J
o al b T ADC Usjls & by pa i s
e 3,8 o0 50 ADC Jgsle 5 by o Slashis cond ol )
’ ) lekis ool Ol o CodeVision L5l o5 51 asliza
-

' ks 590 sla a8 Ol L CodeWizardAVR cud s
Sl i alols Jloe s 35S el 1y abgy e asl s 3l o 5 395 b ols el

/ 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

#Hendasm
return adc_data;
}
N\ J
.).39;.3(540 g.é.‘»_).!.'; AJ}«:JGA o3l Ml.'s).» d’b Pr as @_LQ)-\._J.:A Cound U‘-’-' PR
char distance[20];
loat i;
int space;
kol @6
el Hls a8 )fa_..) Gl Cd @ .b’_g).A Oladass U g (R ATl (k5>9)'> L ©39,9) LQQ)}_{ Curdg lawl (main) UL0| eli X
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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")
\ /

INDEX ol .50T)5 (o V- S g0 0 b g o0 s V2 YE G 9 39 (0 0 O+ 32 3 Wbb (o (float) (s il el
Sgad 0 0305 Hioles LCD s, » ol Cawdy lake a9 (0 )58 £ Ogamol 8 Con

s A

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();

J#

}
N
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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
* Dimension; 110 x 110 mm

)W9)'i‘.9)ii'~“° L_;Lm CA:.LB 9 la G{U,S U""l‘“"| 2 Dz L)ﬂl

® . 55, o ol ons olb S3C6410A-ARM 11

ol 3L as g, onl 51l o Embedded MotherBoard
|30 USB ¢ JU jus Ogmed sla & pg0 sl 9 55,00 OTY (5,8
3y obe K sl Wbl g VGA , SD/MMC abisl> . aSus «

.LI:L LSA I)'.) I)
s Windows CENET gla Jule pius cuns 0l guieed
oils il o gl Ol gl 4 5, 0l g9, . Linux
Ao ol ot 4 JuKo 480%272 s LY S,LCD Kaolss
sl £l shy VGA i 5, Jlasl 0al 5 puned S
25 g 3 ol Sliz sla b S5 5l Jyars LCD y CRT
b G sl a5 lalas g (Porotabl) us slas )8 cus

» 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

* 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

0 Android

o Ubuntu
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Coupling Inverter
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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 | 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

EEG ACQUISITION SYSTEM COMPARISON

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 ’
EEG channels
24 bit, 4"
. order Delta-
24 bit ADC . .
(38.4kHz internal 16 bit A to D Sigma
Digitalization | sampling per converter with mpdulator
channel) 12 bit sample and hold on | with 64x '
DAC every channel oversampling,
one converter
per channel
1 - 256Hz sampling 2048 Hz,
. 4096 Hz,
rate, independently
Jectable on pol 8192 Hz
Sample-rate Up to 38.4kHz selecta .e on poly 16,384 Hz
channels: (1—
256Hz or 25— (sample rate
is adjustable
200Hz) by user)
<0.3uV RMS (0.1
Noise -10Hz) or 0.85uV < 3.5uV pk to pk 1 uV pk to pk
pk to pk
. < 500g (including
Weight 15302 disk and batteries) 1.1kg
Driver
interface with Yes No Yes
LabVIEW
PC Interface Cable (USB) Cable (USByor | p1c (UsB)
Wireless
bP;)ttv:;ryby Yes Yes Yes
Price’ 1 3 2

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

III. METHODS

A. Driver development

The Trackit 24P version Mk2 was used in driver
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
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
via RS232 serial port.

After connection has been established, the Heartbeat
command was transmitted to the device to retrieve the
current status of the Trackit. The initial settings were set up
before start acquiring any signals. The initial settings
include giving the information details of the patient,
recording file and selecting number of channels that will be
used in signals acquisition. Then, the acquired signals were
started by turning on the ‘Acquire On’ and the ‘Ongoing
On’ option on the Trackit device. After that, each data
received from the Trackit device will be decoded and
converted to physical signal amplitude before plotting and
displaying the signals. The flow of the development Trackit-
LabVIEW interfaced software was shown in Figure 1. The
details of each step taken will be explained further.
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Figure 1: Flow of Trackit-LabVIEW interfaced software

Trackit Connect
The Trackit-Host PC connection was done via standard
RS232 serial port at £12V levels. Trackit will transmit
the data as fast as the serial port allowed during the
transmission. Before the establishment of any serial
communication, the initial settings [4] for the serial
port describe as below:
a. Baud rate
The baud rate describes the communication speed
of the device attached to the Host PC via the serial
port. The baud rate of the device and the serial
port must be matched to access the device.
b. No. of data bits encoding character
The standard ISO 8859-1 character set requires
eight bits per character to transmit the data.



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.
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Figure 2: Right leg lifting action acquired using the available Trackit
software.
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Figure 8: Eyes closed acquired using Trackit-LabVIEW interfaced software

After comparing the EEG signals recorded between
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
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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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