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CERTIFICATE

The smallest manufactured electric
motor is an electromagnetic dynamo
1.65 mm in diameter and 0.9 mm
in length, and was manufactured by
Jos d'Haens (Belgium)
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and submitted for approval
in February 2009
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PIN | SYMBOL DESC
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6 E Enable Signal
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FPGA & 555,66 LCD JUai
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(oS 5o onetS ) o 4l (29,5 b 63909 g5 Al e 0l o

reg LCD_E;

always @(posedge clk)
if(LCD_E==0)

LCD_E <= Received_Data;
else

LCD_E <= (count!=6);

oo 95 (6399 S Sl enig, Wb ad a5 28 ol o
19 (o0

Al carsy KT wab eais Js jea EN al ST -0
Gl opl S el s 590 0 Jie EN 4 Received_Data
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reg LCD_instruction;

always @(posedge clk)
if(LCD_instruction==0)
LCD_instruction <= Received_Escape;
else

LCD_instruction <= (count!=7);

assign LCD_RS = ~LCD_instruction;
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input clk, RxD;
output LCD_RS, LCD_E;
output [7:0] LCD_DataBus;

1 by g el il 5 Jlyl il sl ya ol

oS o

wire RxD_data_ready;

wire [7:0] RxD_data;

async_receiver deserialer(.clk(clk), .RxD(RxD), .RxD_data_
ready(RxD_data_ready), .RxD_data(RxD_data));

orl a8 o ci 5 ply &9 |, RXD_data_ready Jsl bs
Sga oo o3liiwl b, Joibe yo s 0o osleT J,u8" sl ply
L) Jlasl > l.:.ij U"’L' u|94.c L) as’ |) RXD_data o rbg.) L
S (0, ply Sogo a4 ] adle JgSble

CLK @b b 5l dbw Josle 5l 5,90 SIS a5 S angs
g A u.:.AlS Jlow

> Jus

huled sl s Jgl G
assign LCD DataBus = RxD_data;

i LCD (sbis b 4 by Jly 51 5l 35 sl b Do
A8 e

€ 5l b a0 wdl,s LCD a8 gledbl suls o &5 johilon
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LCD 05,5 SL obe,d slos b g sl suis Jlo)l 57,5
5l layd byl Goles g5 5l e osls 4ol Gasis sl
[V':'“{LSA o5 latwl 2

wire Received_Escape = RxD_data_ready & (RxD_data==0);

wire Received_Data = RxD_data_ready & (RxD_data!=0);

fgab},mmou}é&,sjuwbAKASUAMJ,IM
e oo Gaukds 1) doles sla esls

SIEN 6l 1L LCD (ol 55, 52 ledbl 0ad azbys 51 ue
o.uoleo;wwlbng@q):sox)mM);&‘)l{
3 4 oS o0 ool L EN a0l 05 57 95T gz 5L 2590 0l
A4S Az g5 )

reg [2:0] count;
always @(posedge clk) if(Received_Data | (count!=0)) count
<= count + 1;

led £95 51 s V) Sjgo )3 & U8 (0 e S
S ool 45 9 )



void main()
{
OpenComm();

/[ initialize the LCD module

WriteCommByte(0x00); WriteCommByte(0x38); // "Function Set" in 8 bits mode
WriteCommByte(0x00); WriteCommByte(0x0F); // "Display ON" with cursors ON
WriteCommByte(0x00); WriteCommByte(0x01); // "Clear Display", can take up to
1.64ms, so the delay

Sleep(2);

WriteCommByte('h');
WriteCommByte('e");
WriteCommByte('');
WriteCommByte('');
WriteCommByte('o");

WriteCommByte(0x00); WriteCommByte(0xCO0); // go on second half of LCD
WriteCommByte('w');
WriteCommByte('w');
WriteCommByte('w');
WriteCommByte('.");
WriteCommByte('E');
WriteCommByte('C');
WriteCommByte('A');
WriteCommByte('.");
WriteCommByte('i');
WriteCommByte('r');

CloseComm();
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This program was produced by the
CodeWizardAVR V1.25.9 Professional
IAutomatic Program Generator

Date :2007/07/09

Author : amin sheikh najdi

Chip type  : ATmega16

Program type : Application

Clock frequency :8.000000 MHz

* e it

#include <mega16.h>
#include <delay.h>
#include <stdio.h>
#include <stdlib.h>
#include <math.h>

int a=0;

float L=0;

char str1[100],str2[100];
Hasm

.equ __lcd_port=0x1B
Hendasm

#include <lcd.h>

{
if((a>=200)&&(a<=2500))
L=(0.0023175*a);

}

{ a=a+1;
if(@<=3000)
PORTD.6=1;
if(@>3000)
PORTD.6=0;
if(@>=3025)
a=0;

}
void main(void)
{
PORTA=0x00;
DDRA=0x00;
PORTB=0x00;
DDRB=0x08;
PORTC=0x00;
DDRC=0x00;
PORTD=0x00;
DDRD=0x40;

| Timer/Counter 0 initialization

| Clock source: System Clock

| Clock value: 8000.000 kHz

| Mode: CTC top=OCRO

| OCO output: Toggle on compare match
TCCRO0=0x19;

TCNTO0=0x00;

OCR0=103;

TCCR1A=0x00;
TCCR1B=0x00;
TCNT1H=0x00;
TCNT1L=0x00;
OCR1AH=0x00;
OCR1AL=0x00;
OCR1BH=0x00;
OCR1BL=0x00;
IASSR=0x00;
TCCR2=0x00;
TCNT2=0x00;
OCR2=0x00;

| External Interrupt(s) initialization

interrupt [EXT_INTZ2] void ext_int2_isr(void)

interrupt [TIMO_COMP] void timer0_comp_isr(void)

g

www.ECA.ir

/ INTO: Off

I INT1: Off
/INT2: On

/ INT2 Mode: Rising Edge
GICR|=0x20;
MCUCR=0x00;
MCUCSR=0x40;
GIFR=0x20;
TIMSK=0x02;
IACSR=0x80;
SFIOR=0x00;
Icd_init(16);
Hasm("sei")

while (1)

( ftoa(L,4,str1);
sprintf(str2,"distans: %s",str1);
Icd_puts(str2);
delay_ms(100);

Icd_clear();

I3
}
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S g 1 (S 3 gt

sl 008 5Ll 03Y sla Uga b g o Jos 51 (S 4 5 0 SUPPly Voltage (V= V) 14V
Voltage at Any Pin VT + 0.3V
2 V- - 03V
foa .

Roa = Raa PRT Y Input Current at Any Pin (Note 2) 5 mA
(fcLk/100) Package Input Current (Note 2) 20 mA
fDBQ Power Dissipation (Note 3) 500 mW

Rog = Rap———— o
2B 4B (foLk/100)2 Storage Tempefa-ture 150°C
ESD Susceptability (Note 11) 2000V
Raa = QavR2aR4a 223l o ) i 4 05,8 Slab ey

5y 0aiiS ol 93 4= il L33 ¢ 0aiS” o gis — de L
3)@ (—A‘leé.m)sl.;(— 038 duslie <—

Rag = Qg VR2gRsp

Rig = 20k
KB
20k e Vour
R4z = Rig = 20k AN
R4A R4B
20k |14 20] 20k
""" LP‘ LPB """
R3A R3B
aminnima2@gmail.com S Fends (el 1 0 Mianny 93 MA—2] e, By FE A
RZ R2B
56k 3 18 19.7k
AMV—=] N/ 4B/ HB, N/ AP/HPg MA
RIA
Vin v, vy
20k
2 31y Sig 18
= MF10 L
-5V = s /8 acnD -
7 14
Vye Va-
*sv A vo- 2 -5v
0.1 0.1
P L Sh. 50/100/CL %
0] o, P
aocew J LI L I |

fox = 100 kHz

Windows Embedded CE 6.0 +R2&R3

9 5.394.» L?I)b &5{9 D Ls‘a’“" ‘5LQ)39ML{ L5|)-‘ s.aSLug)galA as’ &9{ JAL‘: P.umu gﬁ:

byl alie o U{aﬂ; Ll a5, CE j9a09 . ol oss 035Lu8 AutoPC oo s s )3

)| ;.&ng)ia”lao (5.))3)L{ L;LQ ML\): )| LS‘>)'3 )l U{g,{ Ao, ol NT 9 q X )93 U{:s';

Sl 9 (K59 58] s 05,5 o9, G 9 Schedule - 5 les ozl word JusT ales

o sla s 69,0 e cudils JAL:I,»MU.J Sl 03l Gl 295 o 1) [ Kos S

s iz 5 3590 5l 13 p 5 JAlS S ol s ol . 13l o Ll |, ARM sla 4l 5

Qe i ol b IS g ol 5 3gaT SIS - Yo Sl (5l e gans ol ot 4y Jole iamsen ]
.w|o.&»w|.>)|).9)a)).>gﬁ: uL’W‘_}AKquA{L)y

Windows CE 6.0

Windows CE 6.0 R2

Windows CE 6.0 R3

Visual Studio 2005 Pro

Mini2440 CE6 Suite 1001

UPDATE MINI2440

Training set

http://eshop.eca.ir/link/334.php : Jgpame SiJ
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J-LINK V8.0 540 g yo! ;59
TIAG

TECHNOLOGIES®

Cortex

©

4 /Intelligent Processors by ARM

) 4
ATMEL

2 Jgamo Ol gne : olsws (i po S 5 33 3 B
J-Link ,al 55,5 o&iws G - USB 2.0 &5 3, 5l 555esls b bls )l e
USB L& - (.. JAR, Keil ) calises sla,blols )5 Slus g pl 59 (bl
axs) ¥ b S - (510 L5550 pLas Sl JalS il o

dalo V'V colews o5 - ARM7/ARM9Y9/ARM11(Atmel,Philips,Cortex-M0/M1/M3, ...)
s Jold 03 588 o) - Serial Wire Debug (SWD) ;I slazis e
e J-Link ARM V4.14f Serial Wire Viewer (SWV) 5| sluiy o
* Keil pVision V4.03q Slebs Slagsl gluliss ol e
* IAR for ARM v5.50.5 12MHZ G JTAG cc e
* ARM DataSheet Kbytes/second 720 b s¢bls < puu o

Kbytes/second 800 L DCC c.c s

IAR Embedded Workbench IDE b 5" 5,5 ;L.
(USB &g 2 b il 40385 (palb) 035 4 5 09 0
target voltage (s ,.5 o5l cubld 9 JTAG signal ils culde
sazie slealows 5l sl

plug and play i slls o

Sylasliwl o Yo JTAG g5l slols e

GV b, wubls) 3.3V 5 1.2v 516 o)l 5Wg o) @
oo Ve Oguy L 9 USB LK slyls e

O aslol ol ) cdadlons) jiadgn 3% - shlse
O \f O g0 AJITAG )| oslaul Q:.L:l.a °

Memory viewer ;| slais e

Flash programming sla, 138l o 5 (oles 5l Slatiy o
Flash DLL s S| il @

Software Developer Kit (SDK) ;I slazis o
Embedded Trace Buffer (ETB) ;I sluxis o

®

0
LL]
o
LL]
=
o
ol
.

http://eshop.eca.ir/link/506.php : Jgame K

g s dlona — Solads
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LCD N96 (s 3lwif o’y
AVR J 58 g Soo/ b}

ol 5 05 o ol 0ad 25 g VYA L e 8 g
ol peas ol e g o)l Juso VYAsssf=AVAY LCD
Ligd 2 ,Hlade Lb b Jusy

Al iy pasis 9 ol colue K)o la Jusls slaxs ax e
sls sales (6 CudS g
LQQTL;g.s).meMP%,:fGA)B})AI)g—Y9J|—Y K 9
Juy slaws (Jy (aia ¥a¥ la O 690 ,8) sl pl pa
o JousCos abliold ases o cawl(call) UKo 51 i (0) JKo sla
G P9 Aol ) Aiendd o 43 S50 55 B Juuly 9 sl 057 o

1.2.3.

g o s Kb sl ol 5SS e ) IS

www.ECA.ir

n-u. r.nA‘- aeuss maas

SEBUBRERlL AREEREN
M S L BN RN R
EAATENEREN

BEEL RS
EAADLEARRE NS

LLCD I oslatwl wledbl Gl sla ooy o 5dslaze 51 (S
5y 9 (Sl S sl €9 4w 3 Ygoro o LCD sl oo
slael g By, Hioles sl 6 5L sla LCD jlas (o0 cdl
St 9 ol (S8LS ol ol sl p (K3 sla LCD I
S 9 ooy b Oy pobas Gioled sl Lol g e osletl
S o0 00latwl (S, LCD 5l 590

(ELT240320ATP) > LCD N96 oy & dlie ol o
ILI9325 sl J,us 51 K sbls LCD (pl as [’f-)l")'!l.fo
IL19325 ) ,us oy 4 bl jo a8 sl ILI9320 G
il 95 ,a sl ol slass a5 sl st anl) ["1)|°)'3L§°
(sl e e aliw

dlae opl )3 &5 GlMaol (5 0,b)s (§ patsn uogs 4 lasl )o

C«:.o&l)ﬂ?lmu‘rfswJ))jﬁ)l))l‘jﬂhuTLM

Wgolfwligufa)&y)ldqsﬁplfksuLCDM
SEATYA .P.:,:f‘sn,k:s); L $FAYA it 9 ol (SIS
Ogiw VYA b 5o 55 9 3,05 ,he F LCD (ol a5 325 0 0lis




LCD s ab 5 ,Sles
wb a8 a0 wdis 4L 0 Glls LCD ol : 4385 sla 4L
a5 L VCC £XYXY Gl 4l 9 xwa GND YF 90 sla
DATA s slxe 3Uy g)) 059 Juog Y)Y asdis Wy 4 b

(sl 00 05,97 SHEET LCD

b 4L ol @ (DB10-DB17) 5 (DB1-DB8) sl 4l
b b ool by o sl osls sla o8,38) DATA BUS
ol bags 9, 9 159 oo Jl )l LCD 4 la ools 9 &l g o8
Llg> 0 LCD I 1, la osls bghs

5> 3L a5 el (CHIP SELECT) ail 5 Ol 4l : CS 4y
2ol Jld b cpl LCD ,5 DATA (ig b g 0xlgs pSa
(CS=1 Jlé e > 9 CS=0 Jles =Jb>)

Sz b Joalygiws stz ) Obml s aibs 4L onl : RS 4l
b (Ls;‘biﬁo)o:-:l-;cb“)’ L ol S1as 5 ls oxge 1,000
(i 1) g 53 519 590 (0 Dl Joallygins iz
Sga oo ol el jius ), bl

»hla o b olygws rt,.:.3|,3 & b pl buwg : WR 4l
i 208 35k ol e 53 4 sl S ins sy LCD
.M)I.) osls iz, o o b Jodl jgiws jiuz) ) Hgiws
OXlgs aad g Ail o gihie b > 4Ll ST:RD asly
'["'”l" LCD ;I 1, esls

315 LCD il i ibin g 13 & cal 51+ RST al
A8 e olis

omt ) LCD ) s milgs oo 0l ol bawgs : IMO (s 431
2(IMO=0)ail (b ahie mhw ,3 4l cpl ST a8 oS
b W gihie mhw )5 a0l cal ST 398 0 Sbssl w VE
sw A e S1a5 S dngs sgh 0 ol o A 3w IMO=1)
(DB10-DBI7)sl b & ygo cpl ,5IMO=1) s5i Olsl
2 omxed 58 (oo )3 esliwl 5 )9 03l sla o8 )38 Olgie 4
sw A de Sl as 5, 5959 cuglin s> G 9o LCD =ds 9,
RI1 4 P.i)gl.g)s LR2 ;500 [""’J Ceoglie L e bl
5

bl 0 LCD i) 40 45 by 10 : - Y-X 9 +Y+X sla a3
by s la 4L ol : LEDK1-LEDK4 9 LED-A b 4
S sl 395 BT LED-A & aib o LCD 0¥ G o
Shg sl 39 sla 15l (LEDK1-LEDK-4) a5 9 3oL e
bl

ORbg 9 0Nl (5 095

ST Liloals 9 hgimws) aalS” 95 pogae b canl p3¥ > ol o
Cond loukais) LCD calizee la cnd b sl Hgiwd
b 155] (g g cailiss Sleris LCD i, POWER (sla
LCD 1,28 b 58 Jloy) LCD & Lla casad cal 51 Ko o 5
'P‘l)b ) cond plaS sla (23 )lake b Lo o457 590 4> gk
Mmhu6|ﬁh.w;@6)woﬁbﬁw|@6
J)l b 8 Jyl 1, (03H) 55 1L 1l ENTRY MODE
Sl pualss o b &5 590 (0 azgie LCD a8 8"

s () JS5 4 s T (0,5 Glales 4 (0) PS8 o
sy sales (s i
S Canl ol o 9 ol b () sla LCD la gl 51 (S
sbw sla LCD 4 s (5,000 JuuKo laes S, sl LCD
sla LCD 5 pgas cuis a5 59 (o0 el ol 9 15,15 it g
opdle 4 bl o 9 ol (K85 sla LCD i (K5
L cilises sla K, ol obls (K, sla LCD sla sy
2 2blg ol 5l a9 0w sl LCD sla July (J9 5,05
i Hl> 93

2 CM
2 Ch
G- ¥ UK
2 CM
2CM
N

3929 (ow 1), YLV (L8135 sla LCD Jsls s J,us
sd)laie @i oluds )l r,.c.| LCD sl Ll plos a5 )l
TR ‘oL>u| s la Juslo

LCD > é:él)f sl LCD 69, » joas Ui led 090
@ by o Sledbl a5 5,05 5429 J3ls RAM G (il S sla
3,380 | b Juslo 0T b cunlize 9 oslgs RAM 511, coledbl
B (6,55 5o b ugas b Juo a0 Jlaie e 05
AT 05 Liales 4 39 63ls olis LCD (g5, ol

sz LCD N96 oL,

V& 3o 95 3 a5 bl o JuKo YEsPY - sl LCD
sl J,us 51 S slbls LCD e ol S (0 oAy
3929 5w 5,500 sla),us andl .cwl ILI9325 L IL19320
ol S5 08 95 5,00 o bt Lo o allie cpl s (Jy 00
)03 55 1) o Kl 26 Jlasl <o LCD ¢l 50 aales
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8.2.6. Entry Mode (R03h)
D15 D14 D13 D12 D11

D10

D4 D3 D2 D1 DD

[ w | ] [ [oeu]

] |BGR|I]|D|HWH|I]|GF!G|I]|II‘Di|l|m|AH|I]|l]|I]|

23 )lade Hgtws A5 Hlake b i)l ["f ol g 20 (0 (2 )laie
D958

WRITE TO CONTROL) o3ls s, o los rbe sl
REGISTER OR THE INTERNAL GRAM BY WDR
RD3RS  44(CS=0) 05" (o Jlé |, CS il (REGISTER
ab o ) s Jlaie puw (RS=LRD=1) s SET |,
S 0 Teset |, WI a5 puas e I3 DB17 s DBI sla
Set 1) WI' €S uaww 23gu dbgs yo jiwa>y 3)lg L osls GWr=0)
(0) Jgax @b led 5l osls oslgs sl (Wr=1,5=1) o8 o0
|, rsy wr lazl (read from the internal gram by rdr reg)
Oloy ,a dm 08 oo Teset 5|, Cs Jgoro Gub 5 o8 o0 sCL
reset |, RD ouilysy abg o iz, 511 o ools palys o
23 9 03 0lgs ledbl & 50 cpl )5 @S (o8 (RDZO)P,.:.:{@:
0315 OXlgs Sl drs G 9 3,5 (013 abgs e sla e (59,
.I,:SGASet LRD s 4l

LCD adsl 531551 ol sloskiss

Jed 5l leshis 4 5l 038K (s 4 g LCD 4Gl sl 2
GRAM o 50 colus s LCD ss s power oleukis
Ngd a5 laie b ol 16 LCD 5l eslizul 51 b a5 sl
0T s daa oy a5 3,05 63b5 Slaghis LCD gl 4z
st or & 1) sl annd OT i Lo gl 5 b
date ;l eslizwl b 0lgs (oo 1) o comd 4 9.00s e
sok by 5ol cand ol dea andl) 5405 a5 Hluie sheet
(0l Jalys 03l pudgs o>

(00h) o cpl Hgiws 35 Jga (3:b: start oscillation 1-)
4295 b a9 @25 JWo)l LCD @ 1, 08 el b il &8
|°'3'S Jlo,l LCD 4, 1,(0001h) s o3l Jgam 4

9SS s 95 b Caewd ol ya: driver output control 1-v
ot 1) 8720 bS] ciss g S 59 2 Hlike sm

8.2.3. Start Oscillation (R00h)

\ Jyas

ENTRY 505 35 (03H) « a5 S 8 )l ) Crond (ol
[,,.:.;55 « MODE

ENTRY guws a5 Jdloyl 51 o YU Jle o eols
Ceond Ol o cw & aw, o Ol & oy MODE
(TRI,DFM,BGR,HWM,ORG,I/D1,I/D0,AM)
biy.lsw,SdeacAﬁO{I)l.xbdgdfﬁf@sm)lml)
Ll cw ool Jie Olge @ P.u,f o o3l sgi o Jlo)l
oals b cw ol Jlhde 4 oS [,.:.S * 2 ldke (5 5b ol
4 sy A5l .ug.(DataZOOOIOOOOOOOOIOOO)M@
g (oo a0l (i gl 9 b ) 5) ledbl ol
9 LCD 5 jgws g 095 ds jgiw 9 03l oo b sl sl
.P.g)'b).;,_s,o LCD ,5 03l g 9 0ilgs g

ol Soiws Sz 55 Gibes Sl p ¥ Jgas b (s V& a0 o
xb sl (WRITE AN INDEX TO IR REGISTER)
L, RS s 4l Jysz @b 2z (CS=0) S Jbs 1) CS s al
o (RD=1, RS=0) oS s SET I, RD saby RESET

2z ¢ 2z g EER
A M mO""—‘
(0001000000001000)
v s

WR s 9 (2350 J,3DBI7 DB ab ys 1) jg0ws a5
»olee WR 05,5 RESET L (WR=0) S (s RESET 1,
Joddlygiws Siwwm, 5)ls DB17 G DBI slaasl )5 54540
Sy 93 polie Oxb 3,ly 5l ax b e IR REGISTER)
(CS=1,WR=1) S (s SET I, CSyWR slaasly Joadl g
Bb ol (b S s)lsme gy sla oS eles 09 g
ol ai 9 25,5 L1, DB8 U DBI sla 4l o 90w o5
DBI1= 5005 25) 3595 a3 )laie ,aw ,laze LDB17 5 DB9
o b Gyl 5 el s (DB17 5 00H=DB9 4 DBS &

RW RS D15 D14 D43 D12 D11 D10 DS DB D7 D6 D5 D4 D3 D2 D1 DO
w 1 - - - - - I e I I P I B |
R 1 1 1] i] 1 il o 1|1 |lo|o|1|o]o]|1]0]1

The device code "3325%h iz read out when read this register.

Y Joi>
Registers selection by system interface (8-/9-/16-/18-hit bus width) 180
Function RS nWR nRD
Whnite an index to IR register 0 0 1
Read an internal status 0 1 0
Write to control registers or the internal GRAM by WDR register. 1 0 1
Read from the internal GRAM by RDR register. 1 1 0

Y Jyax
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8.2.6. Entry Mode (R03h)
D15 D14 D13 D12 D10 D9 D8 D7 D5 D4 D3 D2 D1 DO

RS
|W|—| TRI|DFM| |BGR|I'I|D|HWM| |0F!G|I]|IJD||IJ'[IJ|AM|I]|D|EI|

0 Jyaer
) Gogee b bl &0 a4 LCDI oslacwl oy :AM oo
Sty sl &9 LCD sl AM=0 31 .8 o pasio
3,8 o0 ol,8 esliwl 590 $390e & pguas LCD sl AM=1
July UPDATE o456 o oo ¢l laze : I/DI I/DO slacs
XS o pasien |y cials b Gl o000 4 GRAM )5 o
g9 ool lase 23k i cu nl Jlase &5 by ORG
ol s e eI aas 0 oS > GRAM 5 1,(00000H)
(ORG=0) il oo
& yg0 ool )3BGR=1) sl < e ol Hloie S1:BGR e
ol Jlaie Jld e > ,5 9(RGB) 54 (0 yose R9B s>
2ol Js e s opl & Sogo 5 (BGR=0)cwl Lo o
o )5 9358 o0 3LulRGB) Glals ,5 a5 g O s
b o SLRGB) Lol
Jie 1 sl oo ol Slie Ja i o s TRI can
Jsl e DEM ¢y @90 01 L3(TRIZD) 596 G e ol
S (o et |y 00l
Jsa> b : RESIZING CONTROL REGISTER:1-¥

2 sl b a8 sibe (04H) cand (ol yows 2574

.39.& 4.2'.«.::9.: JAJJI DD s )

Joaz cpl sl aSsas o 0lis 1) ol pgas 0ad K565 o yui

(52 N96 35 LCD & S g 320 Sisled)

L s> N9 28 LCD
Sl & ELT240320
o5lal L) 550 lo OV S
(July Yo 3 VY. Lo
slyts OF by o8 28l 0
G o (K g 9 polas
Sl s ploles
LY é"b )9.;').\ 6‘)].\ lcd w'
as’ J..Bl.n ° 1119325 [ O)me:
Loosls b V8 5,b 5l Slaie
PY 5 A sla 58 5 See gl
Apn bls)l (arm L avr ) o
cxS by sl Sl olas 4 bgs e ledbl g 0,8
- guln 45')' UNd93 o guate u.;/.i..u' EL’»’ o|).¢.m LY LCD U‘-’J

http://eshop.eca.ir/link/511.php

g 25l 0 720 4 ST | s cagr 22k SS=0 5115 s
(F Jsar)il o ST 4 S720 51 i cgr 256 SS=1 31

sl P*“'P o9

55=0 58=1

31— 5720 S1 «—— 8720

8.2.4. Driver Output Control (R01h)
D15 D14 D13 D12 11 D10 D3 DB D7 D6 D5 D4 DI D2 D

RW RS o
w 1 |0|0 ‘EI |l] |l] ‘SM|EI|55|O|CI|D|D|IJ ‘O|U |l]‘

F dyas
Caond opl Hgiws 5 5 Jgax> b : ENTRY MODE 1-v

Joddl gmws sy 5o 1y 38 el b ! wslb W(03H)
M)))go);sm))|.xio|)wcﬁ|g5hb%A&gmg&g

e 8352 osls
SM GS Scan Direction Gate Output Sequence
G320 G319
G318 331
0 0
Even-number | | TFT Panel 1 | ©dd-number
I ]
o o | ] G1, G2, G2, G4, ....G216
a ! H o ©ai7, G318, G310, G320
g G4 G3 g
g @z G1 @
..;'_ _‘“'_'-—.__ ©
IL19325
G320 G318
G318 G317
I
Even-number : TFT Panel : Odd-number
| |
0 1 I 1 G320, G318, G318, ..,
| |
@ v v Q GB, G5, G4, G3, G2, G1
2 G4 G3 g
@ a2 61 @
= — -
ILI9323
Even-number :320
I TFT Fane
[} 51, G3, G5, G7, ....G311
[c]
G313, G315. G317, G318
B 3318
1 1] P f Cdd-number
@ 1 G2, G4, G6, G8, ...,G212
g G: g G314, G318, G318, G320
“w
= | IL18325
Even-number | 3320
| |
I -
4 FT Fane G320, 3316. G316, ...,
G2 510, G8, GB, G4, G2
] F312
1 1 5 | | Gdd-number
o 1 G310, G317, G315, .,
g ¥ Ge, G78, G§, G3, G1
G1 5
=
o
L1325
£ Jya=
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I'D[1:0] =00
Horizontal : decrement
Verical - decrement

op0)p=m
Horizontal : increment
Wertical . decrement

Fo[1:0] =10
Haorizontal © decrement
ertical - increment

Fo[1-0) =11
Harizontal @ increment
Vertical - increment

AM =10
Horizontal
P Jl = e 3 2 S 1 1
AM=1 L e 1) 1 11 i
i HULL U 1L e safEafeefi
Vertical iy 11 UL USR] LALA] i
—-ll AR [ IR L "y '
Ely Y ¥y iE
v Jyax
TRI DFM 16-bit MPU System Interface Diata Format
systemn 16-bit interface {1 transfers/pixel) 65,536 colors
0 -
B0-system 16-bit interface (2 transfersipixel) 262,144 colors
15t Transfer 2nd Transhar
1 [x] TE OE | G2 | OE | OB OE D2 | OE | OB | 02 | OB | OE | OF
17 [ 9e | o1s | e [ 9z ) 9z | 1 10 B 7 5 5 4 3 2 1 7 | 18
B0-system 16-bit interface (2 transfersipixel) 262,144 colors
1l Tranafar 2nd Transfer
1 - DE | G2 | OE | OB |02 | OE | DE | 02 | OE | OB | 02 | OB | OB | OB | OE | OB
2 1 17 | 16 | oqe | 14 | 13 12 | n 10 H 7 3 5 4 3 2 1
TRI DFM 8-bit MPLU System Interface Data Format
systemn B-bit interface (2 transfersipixel) 65,536 colors.
1=t Transfer 2nd Transfer
- OE | CE | OE | OB | b2 | OE | DB | 02 OE | OE | OB | 02 | OE | OE | OB | OB
v 17 1|5 1F 1r 1Ia | i | n 10 17 | a6 | 18 [ 14 | 1i=.. 1Iz 1|1 1|u
80-system B-bit interface (3 transfers/pixel) 262,144 colors
Aal Trarslor 2nd Transfer 3rd Transfer
! o 1" w | a7 15 | 18 | 14 | 13 | a2 11 1w | a7 15 [ 15 | 14 | a3 [ 1z | m 10
80-system 8-bit interface (3 transfers/pixel) 262,144 colors
1st Transfer 2nd Tramsfer 3rd Transfer
i 1 OE T OB [CE [ OE [ CF | OF [OE [ [DOF [DF [OF [ OB (D2 [OFE [ OE [ O [ OE [ OB
17 | 16 | e | 14 [ 13 | 12 | a7 | 18 15 | 14 | a3 | 1z | a7 [ o1& | s | 14 | 93 | a2
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8.2.7. Resizing Control Register (R04h)

RI'W RS 015 D14 D13 D12 D11 DAM0 Da D7 D& D& 4 03 D2 D1 Do
wo| o o 0 i o 0 0 |mevi|mowo| o | 0 |RoHt |RoHo | o | 0 | mSZi | RsZD
ARURES
J,&)Jg.?;)al)a\c l.g'Y J4|93L_§4L;.\o|).19.«d4539&@b)£w
% Sb e ol Hlaie 05 Joas b (RCH1,RCHO) sla o
" e 0l il g 5ol Jusy oo
|) la Mﬁ o5le L;Ql.‘ la o U'.’-I )le.a:(rCVI,rCVO) LSL“ o
Aas e Olis ($3ges gz
¥ RSZ[1:0] Flesizil_lg factor
0o Mo resizing (x1)
01 x 12
10 Setting prohibited
11 x1/4
d Ve gz
. i Resized | Resolution
Original Image Size (X * Y) =75 ees vy | 12 (RSZ=2h3)
640 = 480 320 = 240 160 = 120
352 = 288 176 = 144 88 =72
320 = 240 160 = 120 80= 60
176 = 144 B8 =72 44x= 36
120 = 160 60= 80 30 = 40
GRAM Address 132 = 132 b6 = 66 33=33
o W dyax
(X0, YO) d

—

(H0+he-1, YO+dy-1

¥ ss
S5 pp wily 0 G Bl (o GTAM )3 g £9,4
P{)gl.g); omles & led b g9, o olgsds s abis ,a ,0 1) 00
(Y05 X0 ,oolae ,uisl)
g dalys g SLL abis Slaske 5u(x0+dx-1,y0+dy-1)
gz o b Juy sl sl 3L w5 Ve H sla )l
sl RCV (63500 cgz o o Julon ox5le 3L 9 RCH sl
Jguas O K98 o o L RESIZING FACTOR ;5 N
ol
S \F Josas b (07H)DISPLAY CONTROLI1-0
3 ol 1b sl Jgern Gub a5 0l (W(OTH) caond ol giws
Do dibes Jord)giws Sz o

035 K255 oo Sl dmncinl 00l (25 Y plp pigas 20 9

et
00 0 Pixel
01 1 Pixel
10 2 Pixel
11 3 Pixel

VY Jyas

MTM',} ) L)L.il.oo L) 1Cd LJ"L’- PR as’ L;)-.’.S“a;‘(_sl‘ol PR

RCV [1:0] Number of rer}x;iii?:;ri:;xel in Vertical
00 0 Pixel
ol I Pixel
10 2 Pixel
H 3 Pixel
¥ dsax
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8.2.8. Display Control 1 (R0O7h)

R'W RS 015 D14 D13 012 011

D& D& D4 D3 D2 D1 Do

W 1 1] [u] FTOET | PTDED D 8]

0 BASEE o [u]

GOM | DTE | CL [u] D1 | DO

\F dg.&e

LCD 5 3558 (o0 Jlsb it g 93 9 S Cond Spge0 el 0o
225 o0 Olis |y uguas G sl BASEE=1 &5 )50, Lais
,HPTDELI=19 PTDEO=1).558 <G o e cpl Llaie Sl
25 imles 4 1) e uguas 93 LCD (L o ijlﬁcs‘ﬁ‘)%" ol
BASEE=0 L <> ulys ool ) a5 54 (0 591 sk .P{)glﬁ
PTDE ;L. Jleé sla oo 5l oslitwl b jsguas sloul (K568). 200
(.sls l""ﬁl? o9 Jol yeb 4 Y Jygux 51,

ab RGB DISPLAY INTERFACE CONTROL:1-¢
ol 1L ol a8 0l L(OCH) cawsd ol ygiws 35 YV Jgox
[ 95 VI FYCERCWE SR Pt e

b cw cpl Llage 55 Jgax b RTM1 9 RTMO sla o
& ot RGB 6,580 s bwly 5o 1) s sla cws Job
RTMO=0)59% a0 b cw cpl 95 8 8T Jle Olgae @008
Jise g VA Sogo 4 la osls &g ol ,o RTMI=0,
(DB17 5 DBO sla o8 ,38 51 eslinl b) ag 0

RIM1 RIM0 RGB Interface Mode
0 1} 18-bit RGE interface (1 fransfer/pixel), DB[17:0]
0 1 16-bit RGB interface (1 transfer/pixel), DB[17:13] and DB[11:1]
1 0 G-bit RGB interface (3 transfers/pixel), DB[17:12]
1 1 Setting disabled
VA Jgax

£55 b ca ool Jlais (©) Jsaz 3ub: DMI 5 DMO sla can
ol St ST Ul Olgie 4 .3 a e 1y 6ol38] s ansly
Gl cow bl (dm1=0,dm0=1)s:t (01) lacw cpl

g o0 sl RGB

DMA1 DmMn Digplay Interface
0 0 Internal system clock
i 1 RGE interface
1 0 WSYNC interface
1 1 Setting dizabled

V4 Jyae

GRAM 4 slaws @l 1)y 6ol e hulg & RM o
RM=1) 2l G e cpl oo ST ke Olgic 4 38 oo s
25 osls xig sl RGB (6,580 e hawly & pguo ol y

29 0 08 & GRAM

M Interface for RAM Access
L1] Syatem interface/VSYHNC interface

1 RGB interface

Yo Joss

L b9, [, LCD b o cw ool slais D1y DO sla can
039 hgals b gy @Bly 3098 (0 o) S Doge ol 0o
15L) ol ks 1 4508 o paaws D1 o |, LCD iy

b,&@ubybw.u;b . %O{I)|.\5A;|9Oa29)w

D1 D0 BASEE Source, VCOM Output IL19325 internal operation

0 0 0 GND Halt

0o 1 1 GND Operate

1 0 0 Non-lit display Operate

1 1 0 Non-lit display Operate

1 1 1 Base image display Operate
V0 Joss

g R
CL Colors
0 262 144
1 8
V5 Jyax

ol TS 5Wo é‘“ b cw ol )|.\5AGON9DTE sl cw
A8 o0 e [, G325 G slall

GON DTE G1 ~G320 Gate Output
0 0 VGH
0 1 VGH
1 0 WGEL
1 1 Normal Display
VY Jyi

S Sogpar ) psas il 0 LCD i )>BASEE <.
9 4 |, LCD ik poly oo b ["'3)9T 23 Gl (paas )
dbg;@lﬁwéw)ﬁpgﬂfﬁ*&mwm
LCD & )50 cpl )sBASEE=1)s5s G e cpl Hloae S
pealyse Lo ST i 305 (0 Glales a2)Ls @ ) a1l g
o 1y ool e b S 030l LCD S 55 1y jygess
ol JSBASEE=0) sl b jiwo ooy cpl Jlaie Sl

245 o 0lis ) s e LCD & )50
g0 a5 Hlaie [, PTDEO/1 sla e b pgums Gioles sl 9
719285 Y 9) o Lo Jla3 sl <y :PTDE] yPTDEO slay s
(PTDE1=0,PTDE0=0)240b a0 la s opl Jlaie Slail o

8.2.12. RGB Display Interface Control 1 (ROCh)

RW RS D15 D14 D43 D42 DM1 D40 D9 DB D7 D6 D5 D4 D3I D2 ™M 1]
W 1 1] EMCZ | EMC1 | ENCD [1] [u] o RM 1] [u] DM1 | DRD o 0 | RIM1 | RIMO
Y\ Jya
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8.2.19. GRAM Horizontal/Vertical Address Set [H2[I'h R21h)

RW | RS D15 [ D14 | D13 [ D12 | D11 | D10 | D9 [0} D7 D3 Y] D3 D2 D1 D0
w 1 o D ] 1] 0 [i] 0 o ADT ADES ADS AD4 ADZ | AD2 AD1 | ADD
w 1 o D ] 1] 0 [}] 0 | ADMA | AD1E | AD14 | AD13 | AD12 | AD11 | AD1D | ADB | ADE

YY Jyi>

Wlg o ADI6 b ADO sla cay bawgs GRAM 5 e

.))9T).> US»”LN QLCD J.vL: )' bl}?’:).) S alss PLIPE] |) x,aa.?
51 W osls owlys sl READ DATA FROM GRAM
Sy 53 1) Q2H) g cond ol hgws 35 1L il GRAM
o sl pamgin ) )gins o5 pualys (o0 457 (aBge (VO Jga2)
s (RS=0,WR=0) 15 o RESET ;5 ,WR, RS
(a) Write to GRAM

(b) Read from GRAM
ncs

RS L]
o ] [ [ 1 [ 1 [
nWR

DEOTOL X e

)

.[,.:.;fu,oSET I, WR g RS j4i0s &5 (g 5l sm

GRAM jl osls Jufo G RD 05,5 RESET L ,a b s
,,3 DB17 5 DBO sla o8,38 59, 55 la ools 9 o siles
3,8 0

2> lesls xigs sl :WRITE DATA FROM GRAM
Sy 3 1) 22H) cwnd cpl sgiws 38 1L Ll GRAM
Gb) 15 o RESET 1, CS sa0l oo pama gty Jootll ) gien>
oxlgs ssle GRAM 5 rigs Jol e s dea s (Y5 Jgas
&S e iy @gs 3 &5 Sl ol b b el OF
WR a0l b pumngs GRAM s 1) 03ls Jusly G pualgse
o5 SET 1L 1, WR 2045 51 a9 RESET I,

& 35 Wb e ol 5,Ske ENC2 5 ENC1. ENCO (slacos

ol o 53)9]').&)' dod> s C...bb )919
ENC[2:0] GRAM Write Cycle (Frame periods)
000 1 Frame
001 2 Frames
010 3 Frames
011 4 Frames

YY Joo

GRAM HORIZONTAL/VERTICAL ADDRESS
& QITH)9Q20H) cond ol jguws a5 VY Joas b SET
HORIZONTAL o3 45 by o 20H) x> 35" a5 2l

25k oo VERTICAL o 45 by 0 21H) 9
23 E9p ool e opl Jlaie :AADI6 b ADO sla e
soiwd 35 a5 AD7 5 ADO slpin. a8’ (0 pasiwe |, GRAM
< s GRAM 5 £9,8 (6 abas Jgb il ((20H) caons ¢l
2l o0 CIH) cwnd cpl jexws 35 a5 ADI6 5 ADS sla
Jaie cpl pls 08 e s |, GRAM 5 Eard s abi 5 e
s lake 9 2L YYA L - 5l ailgs 0 AD7 5 ADO sla o
(YF Jgaz).oss s YVA G - 5l xlgs s AD16 5 ADS sla

AD[16:0]
17h30000 ~ 17°hO000EF
17'h00100 ~ 17°hO001EF
17'h00200 ~ 17°h002EF
17°h00300 ~ 17°h003EF

GRAM Data Map
17 line GRAM Data
2™ line GRAM Data
3" line GRAM Data
4% line GRAM Data

318" line GRAM Data
318" line GRAM Data
320" line GRAM Data

17'h13000 ~ 17 h13DEF
17h13ED00 ~ 17" hi3EEF
17h13F00 ~ 17h13FEF

Y Joas

ISP LT GRAM poie b aods job a5 a5 o5Y bnl )
Sl Chisn canliy il 1 a5, ehilia GRAM .GRAM
Sl s bgs o ledbl a8 el (K315 ) Graphic RAM
5L oledbl ()l LCD s 9 osis 0 033 RAM (0l Js o
25 JuaKo o055 o o Hlaae |y o Jusy 9 0ailss GRAM
65)..':,6Mw)JTMLJJ3w993)|AGw)JTGRAM

8.2.21. Read Data from GRAM (R22h)
RW RS M7 DM D5 D44 D13 D2 DM DM0 D% DB D7 D6 D5 D4 D3 D2 D4 DO
R 1 RAM Read Data (RD[17:0], the DB[17:0) pin assignment differs for each interface.

YO Jyax

8.2.20. Write Data to GRAM (R22h)

RW RS

D7 D16 D15 D44 D43 D12 D11

DiD D8 DB DFfr D6 D5 D4 D3 D2 DM DO

W 1

RAM write data (WD[17:0), the DB[17:0] pin assignment differs for each interface.

Y& Jgs
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8.2.25. Horizontal and Vertical RAM Address Position (R50h, R51h, R52h, R53h)

RW RS D15 D14 D13 M2 D41 D10 D9 D8 o7 D6 D3 D4 03 D2 4] Do

RE0h w 1 0|0 oo |D|(0D]0 0 |HSAT [HSAG |HSAS [HSA4 |HSA2 |HSAZ [HSA1 |HSAD

RE1h w 1 0|0 o |jo|D|(0D]|0 0 |HEAT [HEAG |HEAS [HEA4 |HEA3Z |HEAZ [HEA1 |HEAD

REZh w 1 0|0 0|0 | D [0 ]0|vSAE [VEAT |VSAS (VSAS |V5A4 [VSA3 |W5A2 |WSAT [V3AD

RE53h w 1 o L] o [1] i} 0 | 0 |VEAR |VEAT |VEAD |VEAS [VEA4 |VEA3 |VEA2 [VEA1 |VEAD
YY Jgs=

VSA sl s )laie uiza . 03L 0 < VEA , VEA <319
A5k VEA 5l aa 8 1l

5155 Jsaz ol YA Jsa> b :GATE SCAN CONTROL
395 4 bgyyw jeiwd A5 Cand L A4S Cawl 0ad JuSKiS i A
ol Ul Cuons s gl emnd 0392 o e 4 Ll 3 505 1,
sl [,,.:.m|9:> o9 L, Jyas

b Jsa> & 4255 b et ol sloce SCANS 5 SCANO slace.s
ol lage ST dbe Olgic 4y 58" (0 s ) 090l £9,8 Sl
dalys £9,5 A s 5l og)le £9,8 b WLIOAH) lacwy
(Yadgaz)as

I, LCD jhuw slaws la cw ¢pl laze NLS 6 NLO sla o

Scanning Start Position
SCHI5:0] SM=0 SM=1

GS=0 GS=1 GS=0 GS=1
00h G1 G320 G G320
01h G5 G312 G17 GIM
0Zh G17 G304 G332 G288
03h G253 G298 49 z272
04h G33 G288 GES G236
05h G41 G280 G881 G240
06h G458 G272 a7 G224
07h GS7 G264 G113 G208
08h GBS G256 G128 G192
05h G723 G248 G145 G178
0&h Ga1 G240 G161 G160
0BEh Gag G232 G177 G144
0Ch Go7 G224 G193 G128
0Ch G105 G218 G208 3112
DEh E112 G208 G2 Go6
0Fh G121 G200 G18 GBD
10h G129 G192 G234 GE4
11h G137 G134 G50 G488
12h =145 G178 GEE G32
12h G153 G165 82 G186
14h =181 G160 G298 G318
15h G163 G152 G114 fexlik]
16h G177 G144 G120 G287
17h G185 G138 G146 G2
18h G193 G128 G162 G255
15h G201 G120 G178 G235
14h G209 G112 G194 G223
1Bh G217 G104 G114 G207
1Ch G225 Go8 G120 13
1Ch G233 G35 G146 G175
1Eh G241 G50 G162 G159
1Eh G245 G72 G178 Z142
20h G257 Ga4 G194 3127
21h G265 G356 G210 E111
h G273 G458 G226 GO5
23h G281 G40 G242 G798
24h G289 G32 G258 GE3
25h G297 G24 G274 47
26h G305 G16 G280 G341
27h G313 53 G306 G15

28h ~ 3Fh | Sefiing disabled | Setfing disabled | Sefting disabled | Setiing disabled
Y9q dg.\.?

b :Horizontal and vertical RAM address postion
L bgspe sgiws 287 b ol lcaand cul 51K 50 03908 oubais
e 95 03> iz, yo 1) abgs e (5 0305 Guww 9 03,5 Jlw)l

HSA HEA
- T T
000h | I i
I I
] |
I I
] |
R e
Window Address
Area
VEL |mem——
GRAM Address Area
13F=Fh
o J<s

.XNSL;A ool GRAM PR I)
1, bl s abi Jsb leio ool lase HEA7 5 HEAO la o

God9dxe 3 b HEA 9 HSA sl Cwo lsae
K28 WU HSA laie puina 25L 0 < HEA | HEA <239
15U HEA |

&9)«56%&).{:&&4:..:&')‘.&5:\/816&8[3VSAOQSLQ;\.S
&S 0 pasie GRAM 51,
&9,364haub)sh¢%wl)lm:VEA8lJVEAOLgLQ;\g
XS 0 pasie GRAM 5 1,
VEA 3 VSA sl o luie

God9d=a > b

8.2.26. Gate Scan Control (R60h, R&1h, REAh)

RW RS D15 Di4 D43 D12 Di1 D410 D3 D@ DT D& DS D4 [1x] D2 D1 Do
RE0OR W 1 G5 ] MLS | ML4 | ML3 | ML2 | ML1 | NLD 0 0 |SCH5[SCH4 |SCHN3|SCMN2 [ SCN1 [SCHD
REi1h w 1 0 ] 0 D Li] 1] 0 1] 0 1] 0 D o NDL | WLE |REV
Raah W 1 0 0 o ] L] o 0 [ WLB | VLT | VLG | VLS | VL4 | VL3 | VL2 | VL1 | VLD
YA Joo>
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g5 3 35(VRCP. VRCP) VRCN- VRCNY) b sl
ol Jlske a8 (Cu I"'ﬁh“' Ceoglie) S i sl cuglie
o ki sls 905l iz ol YA+ onr 3155 o ln sl
, 4 PRNN[2:0] 5 PRPN[2:0] sla e la caglin ¢yl
ol 393 69, o Wy il b cwglie (pl Hlade uas b, 0
onl s 9 5,8 Jalgs w55 Koo sla cuglin 9 la cuoglin

b dalys GRAYSCALE Wy cuds s el 5y
o2l S5 Slety by e sla cuglie Hlade pudis Ll e
& 5Wy <ol RPA7 5 RPO sla canslin 5| 5 55 1o
Vom0 4 s a Canglin ol 5y il a5 aaT Salys 592
e & 5 sl Vo, R 5y il e ol 0as 513 b
Coglin ol S B A 4 JKo @ azg b db> 59, (0 Gl o 5
L&l ol la gl opl )BT 9 0ad Juog Lo G ala
L 5Wy cdl cpl 51 (S PKN[2:0] sla s laie jloce a5 angs
JSs asle, o0 (VGPN) Lol (29,5 4 9 18 0 ol

axsls LUFH) Ly ool Jlaie 81 Jle olgic 45 13 o o5
Yos 5l Y0 slashe gul salgs s ke YO8 LCD il

Sle ialgs eolatwl 0gas (FY- B YOV)
om L LCD s Go)ls g9,6 cur < ool laie GS

NL[5:0] LCD Drive Line
E'hiD 240 lines
6'h1E 248 lines
6'h1F 256 lines
6'h20 264 lines
6'h21 272 lines
6'h22 280 lines
6'h23 288 lines
6'h24 296 lines
6'h25 304 lines
6'h26 312 line:
6'h27 320 line:
Others Setting inhibited

Y Jyax

WREGICUT
WRCID ‘_@I
Sow e

)J(GSZI) .)9.\:: \ o U‘-’~| )|.).5A )ﬂ By &°
G320 5l Co)ly cux B Jsazr b o)guais]

bl N W L] E X Il

(G1<--G320) il o G1 G ,b 4,

[
by W'y E
2] kR L
- k]
T—c
— E ] o
_— = iy £
YPE

I onls cuz 258 o cuw onl laie ST
ool cgr ST il e G320 G b 4 Gl

(G320<--G1) ssb G320 b & G1

W
w
B
o i
AL E ﬁi—-w
s
' b £ Elll
I WE
e
Y =l
o
T ]

ES £ B3 EH 4 B B3 B

ug)bda.qp;|939.&k§a &9}&(}1 5 LCD

e Sppain] 55 23b Gl G ,b 4 G320 5|

AYYY Jgaz 3 a5 ehilea :Gamma control

iz Sl dgdz cpl e o sdalin iy
by o yoiwd IS Comd o 45 o0 JuSis Caonnd
A.:lgl)ielw).mmh;:ksudfg)bl);,:}@

|| o ] ) T T a

]

4 e 9 05,5 Joyl ) ceand 0T Hgiws o8
SRV FRWRCIW JV] I PRCWIRPRISIRE >
pr“" )l o )9L’-’L0-ﬁ P—:-w-g_g» |) oals >y S

el el ]

a=3R

b @b Sl Cend opl Cwlag cand ol
c:..o,SAJUJ.J 03 390 @ aals g cuslas,
Comd oyl [‘")flP Sl ool ) (s paise

slcwgie Al JKo 4 azg Lol e
51 (VROPO,VROPI,VRONO,VRONI)
S g3 00 3T lade &5 ditay judio canglin g5
buogi la coglin cpl ladag 1L s pal V- b -

P s

8.2.33. Panel Interface Control 4 (R95h)
RS DM5 D4 [M3 M2 DM DiD

)ig_b sl cglie GALoS Wy il cd ol sla
(ol it (sla anslin) 5 o sk 3

3 0
| W | 1 | | 0 | 0 | 1] | 0 | 0 | 0 |EII'I.|E1|EII'I.|'EIII| 0 | 0 |H‘NEElF!—NE4|HTNE3|RThE2|RTNE1|RTNEI]|

Y\ Jgae
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.
>

Crayscals witage
Grayscae willage

e

=
L

Grayscae votage

e e

Gradient adjustment "

. - Ll
Amplitede sdjustmsnt

Fine adjustment "

v s

Partial image 1 display positon(R80OH)

ol Bb sl asl e(BO0H) cwond ol joiws 35 ¥ Jgos b
..)9‘»:: 4.2..39.: J.o.&”)}h.u.) P =PI X5

Cromd ol leiw Jlaze :PTD PO[8] 6 PTD PO[0] slacws
& sohilea. s’ (o0 pasiv LCD il ) 1 ugas £9,5 b
Oiles 45 1) e 5905 95 LCD (Jily o 0l 4 4z 55 M3
..))QT )

:Partial image 1 RAM start/end address

E9,8 b lacas onl slaie PTS AO[8] 5 PTS AO[0] (slens
pgas ObL b lacw ol laae PTE AO[8] 4 PTE AO[0]
Caond ol slacw Hlase Partial image 2display postion
A8 0 s LCD (il 5o LY g g9 50 shans

:Partial image 2 RAM start/end address

Caond ol sla co ylaze: PTS AT[8] U PTS A1[0] (slers
.\.Ssaua:x.lmGRAM oY ﬂ,dag)&)k‘a

Cromd opl sla o ,laie PTE AI[8] b PTE A1[0] (slepr
@ dzg b .S o Lasie GRAM 5 1, Y pgas 0LL b
LCD 5,95 95 sbwl (K65 5,90 13 Jle O YL Slonsgs
2 pgai 93 putles o 05z @ Ugaz G oS0 s b
9 5 yao ) BASEE oy Jlaie b Guy s (ioles LCD
o NL[5:0] slacw S L 56 |, LCD sla b slass
g5 Caomd Sl b slace Ll b Ghe YY) oS e

s Ol uss sl & GRAYSCALE Wy ol i Hlages 505
Joaz slo cw 5 Slae 4 b sas (0 0lis cudlass 9 aals,
.P.g)'b).g s M

Sy cudlads ok sl la oyl Jlaie KPN[2:0] slo s
S opl ke g Jgax Gub &5 5, (0 L 4 GRAYSCALE
A8 oo Dbl sl s L,V 5Ws

sl cuglie Hlaie b e opl Jlaie RPN[2:0] sla o
(GRAYSCALE 3y s 0ubiis) 358" (g o5 I, VRCP(N)O
Wy sasals r,,la.a 6lp o cuw opl Hloae :VRPN[3:0] sl

Fine adjustment registers and selected voltage

Register Selected Voltage

KP{N)[2:0] W¥gP[N)1 WgP(N)8 WgP[N)20 WVgP(N)43 VgP{N}55 WgP(N)62
0oo VPN VPNE  VPNMT  WRNIZE  WPN)33 VPN
0o1 VENIZ  WPNIID  VPNJE  WPN2E  WP(NI3L VE(M 42
o010 VRNIE  WRIMIT WPRNYTE  WRNJET  WR(N)3E VB2
o1 VENM  WPRNI2  VPN20  WPN2E  WP(MI3E8 V(M4
100 VRIS WRMNE  WRN2T VEMIZD  WRMET VB34S
101 VPMNE  WRN)14  VRN2Z  VPNED WP[M38  WP[NME
110 VPN WRNMS  VPN2Z VPN VE(MIZ8  WPNMET
111 VEMIE  WRNE  VRNR24  VPRNEEZ  WP(MNMED  WPINMEB

Y'Y dg.\.’?

o ol Jlis o Jgaz Geb 39, oo I 4@ GRAYSCALE
S 1S o uts | VROP(N)O ,uzie slo cwglin Hlaie
Ghudy 9 Mkt Cude 6 4 gl Vb s esd 4 sla cu
Yo Slowdgs 9 dtwa e Al ¢lp YY) doax sla e
Sl cd pabis JUo Olgie 405 (0 Gao 5o LT 5,90 o
RN it s an)d lp o oabits 9 cona RP e san )%,

At KD et 4 G Ak 9 e

Gradient adjustment Amplitude adjustment (1) Amplitude adjustment [2)
PRP{N)OM[2:0] VRCP{N)D VRP{NJO[3:0] VROP{N)D VRP{N)1[4:0] VROP{N)1
Register Resistance Register Resistance Register Resistance
ooo OR oooa OR 000ooo oR
oo 4R 0001 2R o000t 1R
oo EBR 0010 4R 00010 2R
011 12R : : : :
100 16R : : : :
101 20R 1101 28R 11101 28R
110 24R 1111 28R 11110 A0R
111 28R 1111 I0R 11111 1R
Y Jyax
8.2.27. Partial Image 1 Display Position (R80h)
RW RS i D4 D43 M2 D11 DdD DS DB O7 (1] [15] D4 [1x] 02 1] [1]1]
PFTD | FTD | FTD | PTD ( PTD | FTD | PTD | PTD | PTD
W 1 ] [i] L] 1] o 1] ]
PO[2] | FO[¥] | FOY8]  PO[S] | POGE] ( POQ3] | PO[A] ( POQ1] | POMO)
v Jyas
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Oioles LCD (Bl sl elgsds s abais ,a )5 1)\ joge ouilys o0
2V e g9yh she ol (SU ha jsbie cnl sln peeo
2 & @S s PTD PO[8:0] islgts bawss 1, LCD i
5 ,5@0H) LCD b 53 ) g5 3,5 b Lo Jlis ol
93 pgeds 390 )3 Sbwdg cpl Gaea (VYA hw)pus 5

a3z 0l [ YU Sloundys sdan A JSi 15 o oo

Jii \ laia e o ool &5 S Jla 3 b Y g 5 )

(PTDE1=1,PTDE0=1) 154
2l b 1)\ g g,5 Sl oy cal il Jb 1 e
e GRAM 5 PTS AO[8] & PTS AO[0] slacas 5l

Base Image Display Setting

- BASEE i}
o) Ghigel gz aalp KWL Slnuog 6 den 4 dzg |
) ML[5:0] 6'h27
23 peidgs AVR 1,285 Son 0 Somn 015 4 LCD ol (51
- . _. LT . Partial Image 1 Display Setting
PTSAO[E:0] 'h000
PTEAD[E:0] 9'hiOF
PTDPO[8:0] FhOs0
Partial Image 2 Display Setting
PTDE1 1
Sregfile = "m32def.dat" :
Scrystal = 12000000 PTSATE:0] F'ho20
I PTEA1[8:0] g'h02F
Config Porta = Output - ;
Config Portc = Output 'Isb port PTDP1[8:0] F'hOCD
Config Portd = Output 'msb port
Cs Alias Portd.0 ro
\I/?Vsrﬁll:zz I;gr:tg; Al GRAM L5 jugas 9,5 Sl @ Jgaz Gob &5 oS’ (oo
Rd Alias Portd.3 b PTE AO[0] sl cn by Gugw @3S k5 ,5(000H)
5 A;igrst:ﬁ::;ma o wasis GRAM 5 1, ) 3905 LG hw PTE AO[8]
Msb_port Alias Portc Alr GRAM Lo 1) g GLL e ba dyaz b o5 oS
Declare Sub Trigerlcd GRAM ;5\ 95 a5 u~)-’T 5l aw PM_Q)_? sk ,3(00FH)
Declare Sub Writedata L L ) R )
Declare Sub Writeindex G Oldg B dw )0 LCD Bl s ol Gle 4 oy
GRAM MAP LCD Panel
PTSAN=2N000 AT
. I 1 12 o I}
GRAM Arsa
PTEAO=S'hOOF
PTS&1=9n020 PTOPO=S'H080
Partial Image 1
Display Area

PTEA1=5'h0ZF

PTDP1=S8'm0C0
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Declare Sub Colorlcd

Dim Index As Byte , Dat As Word , Reapet As Long
Cand

Const Start_osc = &H00

Const Driver_output_control = &HO01

Const Lcd_driving_wave_control = &H02

Const Entry_mode = &H03

Const Resizing_control = &H04

Const Display_control1 = &HO07

Const Display_control2 = &H08

Const Display_control3 = &H09

Const Display_control4 = &HOA

Const Rgb_display_interface_control1 = &HOC

Const Frame_marker_position = &HOD

Const Rgb_display_interface_control2 = &HOF

Const Power_control1 = &H10

Const Power_control2 = &H11

Const Power_control3 = &H12

Const Power_control4 = &H13

Const Gram_horizontal_address = &H20

Const Gram_vertical_address = &H21

Const Write_read_data_to_gram = &H22

Const Power_control7 = &H29

Const Frame_rate_and_color_control = &H2B

Const Gamma_control1 = &H30

Const Gamma_control2 = &H31

Const Gamma_control3 = &H32

Const Gamma_control4 = &H35

Const Gamma_control5 = &H36

Const Gamma_control6 = &H37

Const Gamma_control7 = &H38

Const Gamma_control8 = &H39

Const Gamma_control9 = &H3C

Const Gamma_control10 = &H3D

Const Horizontal_start_address = &H50

Const Horizontal_end_address = &H51

Const Vertical_start_address = &H52

Const Vertical_end_address = &H53

Const Gate_scan_control1 = &H60

Const Gate_scan_control2 = &H61

Const Gate_scan_control3 = &HEA

Const Partial_image1_display_position = &H80

Const Partial_image1_ram_start_address = &H81

Const Partial_image1_ram_end_address = &H82

Const Partial_image2_display_position = &H83

Const Partial_image2_ram_start_address = &H84

Const Partial_image2_ram_end_address = &H85

Const Panel_interface_control1 = &H90

Const Panel_interface_control2 = &H92

Const Panel_interface_control4 = &H95

Const Color_red = &HOO01F

Const Color_green = &HO7EO

Const Color_blue = &HF800

Const Color_yellow = &HO7FF

Const Color_purple = &HF81F

Const Color_black = &H0000

Const Color_white = &HFFFF

3 Ciaud

Trigerlcd

End ‘end program
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Index = &HOOE3 : Writeindex

Dat = &H3008 : Writedata

Index = &HOOEF : Writeindex

Dat = &H1231 : Writedata

Index = Start_osc : Writeindex

Dat = &H0001 : Writedata

\Waitms 50

Index = Driver_output_control : Writeindex
Dat = &H0100 : Writedata

Index = Lcd_driving_wave_control : Writeindex
Dat = &H0700 : Writedata

Index = Entry_mode : Writeindex

Dat = &H0030 : Writedata

Index = Resizing_control : Writeindex

Dat = &H0000 : Writedata

Index = Display_control1 : Writeindex

Dat = &H0133 : Writedata

Index = Display_control2 : Writeindex

Dat = &H0202 : Writedata

Index = Display_control3 : Writeindex

Dat = &HOOOF : Writedata

Index = Display_control4 : Writeindex

Dat = &H0000 : Writedata

Index = Rgb_display_interface_control1 : Writeindex
Dat = &H0000 : Writedata

Index = Frame_marker_position : Writeindex
Dat = &H0000 : Writedata

Index = Rgb_display_interface_control2 : Writeindex
Dat = &H0000 : Writedata

Index = Power_control1 : Writeindex

Dat = &H0000 : Writedata

Index = Power_control2 : Writeindex

Dat = &HO0000 : Writedata

Index = Power_control3 : Writeindex

Dat = &H0000 : Writedata

Index = Power_control4 : Writeindex

Dat = &HO0000 : Writedata

\Waitms 200

Index = Power_control1 : Writeindex

Dat = &H17A0 : Writedata

Index = Power_control2 : Writeindex

Dat = &H0137 : Writedata

\Waitms 70

Index = Power_control3 : Writeindex

Dat = &H0018 : Writedata

\Waitms 70

Index = Power_control4 : Writeindex

Dat = &H1000 : Writedata

Index = Power_control7 : Writeindex

Dat = &HOO00B : Writedata

\Waitms 70

Index = Gram_horizontal_address : Writeindex
Dat = &HO0000 : Writedata

Index = Gram_vertical_address : Writeindex
Dat = &H0000 : Writedata

Index = Gamma_control1 : Writeindex

Dat = &H0101 : Writedata

Index = Gamma_control2 : Writeindex

Dat = &H0101 : Writedata

Index = Gamma_control3 : Writeindex

Dat = &H0101 : Writedata

Index = Gamma_control4 : Writeindex

Dat = &H0101 : Writedata

Index = Gamma_control5 : Writeindex

Dat = &H0201 : Writedata

Index = Gamma_control6 : Writeindex

Dat = &H0707 : Writedata

Index = Gamma_control7 : Writeindex

Dat = &H0707 : Writedata
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Index = Gamma_control8 : Writeindex

Dat = &H0707 : Writedata

Index = Gamma_control9 : Writeindex

Dat = &H0101 : Writedata

Index = Gamma_control10 : Writeindex

Dat = &H0201 : Writedata

Index = Horizontal_start_address : Writeindex
Dat = &H0000 : Writedata

Index = Horizontal_end_address : Writeindex
Dat = &HOOEF : Writedata

Index = Vertical_start_address : Writeindex
Dat = &H0000 : Writedata

Index = Vertical_end_address : Writeindex
Dat = &HO013F : Writedata

Index = Gate_scan_control1 : Writeindex

Dat = &H2700 : Writedata

Index = Gate_scan_control2 : Writeindex

Dat = &H0001 : Writedata

Index = Gate_scan_control3 : Writeindex

Dat = &H0000 : Writedata

Index = Panel_interface_control1 : Writeindex
Dat = &H0010 : Writedata

Index = Panel_interface_control2 : Writeindex
Dat = &H0000 : Writedata

Index = Panel_interface_control4 : Writeindex
Dat = &H0110 : Writedata

Index = Frame_rate_and_color_control : Writeindex
Dat = &H0000 : Writedata

End Sub

5 Ciand For Reapet = 1 To 4000
Sub Writedata \?Va_tt=dC:)Ior_yellow
Reset Cs ritedata

Set Rs Next Repeat

Set Rd For Reapet = 1 To 4000
Msb_port = High(dat) \?Va_tt=dC?Ior_red
Lsb_port = Low(dat) ¥ ri teRa a t

Reset Wr ext Repea

Set Wr End Sub

Set Cs

End Sub

6 Crand

Sub Writeindex

Reset Cs

Reset Rs

Set Rd

Msb_port = &HOO0

Lsb_port = Index

Reset Wr

Set Wr

Set Cs

End Sub

7 Cranid

Sub Colorlcd

Index = Horizontal_start_address : Writeindex
Dat = &H0050 : Writedata

Index = Horizontal_end_address : Writeindex
Dat = &HOOAO : Writedata

Index = Gram_horizontal_address : Writeindex
Dat = &H0050 : Writedata

Index = Vertical_start_address : Writeindex
Dat = &H0064 : Writedata

Index = Vertical_end_address : Writeindex
Dat = &HOOCS : Writedata

Index = Gram_vertical_address : Writeindex
Dat = &H0064 : Writedata

Index = Write_read_data_to_gram : Writeindex
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MATLAB

ANALYSIS AND SIMULATION
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xc=AC*x.*cos(2*pi*t*fc);
plot(t,xc)
xlabel('signal modele shode')
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xct=fft(xc);

fxc=abs(xcf);

plot(fxc);

xlabel('signal medole shode dar hozey f')
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n=randn(1,1);
plot(t,n)
xlabel('signal noise")
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fc=50;

AC=1;

fm=5;

fs=200;

Ts=1/fs;

t0=1;

t=0:Ts:t0;
I=length(t);
x=cos(2*p1*fm*t);
plot(t,x);
xlabel('signal payam')
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x f=1ft(x);

f=abs(xf);

plot(f);

xlabel('signal payam da hozey f')
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lin=y.*cos(2*pi*t*fc); 4l [
plot(t,lin);
xlabel('lpf input dar ashkarsaz')
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MATLAB & Simulink
Release 2010a 32&64bit

MATLAB’
R2010a
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fc=50;
AC=1;
fm=>5;

t0=1;

xlabel('

plot(f);
xlabel('

xc=AC
plot(t,x
xlabel('

xlabel('

plot(t,n
xlabel('

xlabel('

plot(t,y
xlabel('

xlabel('
[b.a]

fs=200;
Ts=1/fs;

t=0:Ts:t0;
I=length(t);
x=cos(2*pi*fm*t);
plot(t,x);

x =fft(x);
f=abs(xf);

xcf=ftt(xc);
fxc=abs(xcf);
plot(fxc);

n=randn(1,l);
nf=fft(n);

fh=abs(nf);
plot(nf);

y=xctn;
lin=y.*cos(2*pi*t*fc);
plot(t,lin);

= butter(9,50/150,low");
y=filter(b,a,x);
plot(y);

signal payam')

signal payam da hozey f")
*x.*cos(2*pi*t*fc);

c)

signal modele shode')

signal medole shode dar hozey f')

)

signal noise')

noize dar hozey f")

)

noize va signal payam')

Ipf input dar ashkarsaz')
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Phase-Locked Loop by Tony van Roon

Subcarrier (SCA) Adapter for FM Tuners

Re-drawn by Tony wan Roon, 2003
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from receiver

C15

__out
C2
1uF|
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Parts List for the SCA Adapter

Semiconductors:

U1,U3,U4 =TLO071, FET OpAmp
U2 = LM565, Phase-Locked-Loop
U5 =LM7812, 12V Regulator

Capacitors:

C1 =4.7uF/16V, electrolytic

C2 =2.2uF/16V, electrolytic

C3 = 1uF/16V, electrolytic

C4 = 1uF/35V, electrolytic

C5,C6 = .22uF, metalized Polyester

C7 = .033uF, metalized Polyester

C8 = .022uF, metalized Polyester

C9 = .0068uF, metalized Polyester

C10 = .0056uF, metalized Polyester
C11-C14 = .0022uF, metalized Polyester
C15-C17 = .001uF, metalized Polyester

Gnd. = {3

.l]l]IT
-T-End. f
67KHz Band-Pass Filter PLL Demodulator 18dB/fOctave Low-Pass Filter 12dBfOctave 6KHz ﬂutdiﬂt
Gn Gain = -1 Low-Pass Filter outpu
from. Gain = -10
Receiver

C18 = 560pF, Polystyrene
C19 =220pF, Ceramic disc

Resistors: (All resistors are 1/4W, 5% precision

units unless otherwise noted.)

R1=20K, 2% precision
R2=18K

R3-R8 = 10K

R9,R10 = 1K8

R11-R14 = 1100 ohm, 2% precision
RI15=1K

R16,R17 =560

R18 = 10K, miniature vertical
trim-pot

R19 = 5K, miniature vertical
trim-pot
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An Adaptive Kalman Filter for Removing
Baseline Wandering in ECG Signals

MA Mneimneh, EE Yaz, MT Johnson, RJ Povinelli
Marquette University, Milwaukee, WI, USA

Abstract

Baseline wandering interference misleads ECG an-
notators from accurate identification of the ECG
features. Previous work that deals with baseline
wandering removal requires the identification of
the QRS complex or other ECG features prior to
baseline removal. This paper proposes an adaptive
Kalman filter for the real time removal of baseline
wandering using a polynomial approximation inde-
pendent of the signal characteristics. A state space
model is used with an adaptive Kalman filter to esti-
mate the state variables, including the baseline wan-
dering approximation from the previous values of
the original ECG signal. This approach is applied to
the (PTB) Diagnostic ECG Database and to a ECG
signal disturbed by white noise and a second order
baseline wandering. The results show accurate and
improved baseline wandering estimation and re-
moval as compared to moving averaging and cubic
spline techniques.

Introduction

Baseline wandering is one of the noise artifacts
that affect ECG signals. This wandering, caused by
the subject’s movement or breathing, might induce
misleading measurement and annotation of the sig-
nal’s features. Usually, the baseline wandering is
expected to have the same frequency content as the
T-wave. However, due to certain tests such as the
stress test, the baseline wandering may vary unpre-
dictably. This work presents a Kalman filter based
approach for the online estimation and removal of
baseline wandering in ECG signals.

Most of the previous adaptive techniques that deal
with baseline wandering make the assumption that
the extremities of the features of the signal are
known. The first is the adaptive technique proposed
by Jane et al. that applies a combination of a Least
Mean Squares (LMS) driven adaptive impulse cor-
related filter and a two stage cascade filter for the
removal of baseline wandering. This technique re-
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quires the detection of the QRS complex and the
frequency analysis of the signal in order to deter-
mine the transfer function of the cascade filter [1].
Additionally, Daqrouq et al. have proposed a base-
line wandering reduction technique that requires
the decomposition and reconstruction of the signal
after the signal is filtered [2]. Therefore, these tech-
niques require certain knowledge (RR interval) of
the patient prior to applying the filtering technique.
Lisheng et al. used a combination of Meyer wavelet
filter and spline interpolation for the removal of the
baseline wandering [3].

Additional well known techniques include the win-
dow moving averaging method [4] and the cubic
spline technique [3]. Since these methods can be ap-
plied without the knowledge of the heart rate of the
signal, these techniques will be used for validating
the proposed adaptive Kalman filter approach.

The technique proposed in this work is an applica-
tion of the Kalman filter for the prediction and re-
moval of the baseline wandering in ECG signals.
The proposed approach is based on the hypothesis
that the ECG signal can be characterized by an au-
toregressive model, while the baseline wandering
is estimated as a first order polynomial. The State
Space model is integrated with the Kalman filter in
order to estimate state variables, which in this case
are the coefficients of the autoregressive model and
the coefficients of the baseline wandering estimated
curve. The proposed approach suggests an accurate
way for the estimation of the baseline of an ECG
signal, and is compared to the Cubic Spline Method
(CSM) and the Moving Averaging (MVGQG) tech-
nique.

Datasets

The proposed approach is applied to two data sets.
The first dataset is the PTB Diagnostic ECG data-
base [5]. This database is taken from Physiobank.
This dataset was collected by Physikalisch-Tech-
nische Bundesanstalt (PTB), the National Metrol-



ogy Institute of Germany. The database consists of
549 records taken from 294 subjects. Each record
contains measurements taken from 15 leads, where
the first 12 leads are the conventional leads and the
last 3 are the Frank leads (X, Y, and Z). The data is
digitized at 1000 samples per second. The second
dataset is simulated data with additional baseline
wandering. Since there is no quantitative measure-
ment of baseline wandering, the use of simulated
data can be used to measure the error between the
original signal (before applying baseline wandering)
and the signal after applying the baseline wandering
removal techniques.

The simulated ECG signal is generated using a
piecewise linear function, where the features of the
signals are represented by triangles. The signal is
then smoothed using a third order Savitzky-Golay
FIR filter of frame size of 17 samples, and is repeat-
ed 150 times.

The baseline wandering is represented as a second
order polynomial dependent on the discrete sample
time. The simulated baseline wandering is added to
the original signal.

Method

The proposed approach is used to identify and re-
move the baseline wandering in ECG signals with-
out adding any distortion to the signal. The Kalman
filter approach is chosen because of its ability to
simultaneously model both the ECG signal and the
baseline wandering.

State space model

The ECG signal without the baseline wandering is
assumed in this work as an autoregressive model
such as:

ye_ = alyr‘fl +a2yz>2 +"'+anfly

i—n

and the baseline wandering is represented as

b = amk +a,

where k is time sample of the signal. Therefore, the
signal with the baseline wandering is

y” = alyi—l +a2yi—2 +”'+an—1yi—n+l +aulk+a112

With the assumption of stationarity the general form
of the update equations can be written as follows:
X = AKX,
Y =C X,

where X, is an n-dimensional vector, Yk is the scalar
valued measurement.Using the proposed model in
equation (3), and replacing X with the set of coet-
ficients, a C,and with

C=[v., ». ¥, 0]

)/i—zl . . 3 . } i

the update equations ( 4) and (5) are written as fol-
lows:

all\—l O O all\
a2k+1 O O alk
aSkH O O a%/\
ank+| O O a,,k
adl/\'Jrl O O e O O 1 1 a“lk
a 00 - 00 0 1]la,
| a k1| - L “z"_
_alk_
Ay
aBk

where I_1is the n-dimensional identity matrix.

Kalman filter solution

The solution for the State Space model presented
in (6) and (7) is determined using an iterative ap-
proach. The solution is presented in terms of equa-
tions (4) and (5) as follows [6]:

T T

K =AP.C, (C +F:C +¢&)
X, =AX +K, '(.VA —C X, )

T T
B+1 =(A- KA .Ck )°Bf (A— Kk ‘CA )+ EKA Kk
Where K is the Kalman gain, k is the discrete time
sample, P is the uncertainty covariance matrix and
0 <& <1 1is added to model measurement noise. The

mean convergence time for the KF approach was 4.4
ms for the original setup. The convergence time is
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the time needed by the KF approach in order to ac-
curately predict and remove the baseline wandering.
However, the equations shown in (8) are iterated
over the input signal, y. During the iteration process,
equation (8) is updated for the first 2 iterations as
follows to accelerate the co vergence of the Kalman

filter.
X, =101(AX ) +k, (v, -CX,)

The initial condition of X is chosen as a zero vector,
while that of the error covariance vector is chosen to
be 50*I +2.

Validation techniques

Window moving averaging (MVG)

The Window Moving Averaging technique is used to
smooth the input curve. The method averages over a
window of data as follows

where x is an element in the dataset and n is the
number of elements in the window

Cubic spline method (CSM)

This method uses a cubic spline estimation of the
baseline from the PR segments solely. In this work,
the baseline wandering was determined using a cu-
bic spline interpolation over a window in order to
determine the baseline wandering of ECG signal as
suggested by [3].

Results

These techniques are applied to PTB Diagnostic
ECG database and simulation data. The reason for
using simulated data is to be able to determine pre-
cisely the error in each of the methods, because both
the original and the baseline wandering are known.
The validation of the Kalman Filter approach with
respect to the window moving averaging and the
spline technique for the PTB Diagnostic ECG data-
base is qualitative, while that for the simulated data
is quantitative.

PTB Diagnostic ECG Database
The approach was applied to a sample record taken
from the PTB database. The comparison between
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the three methods is shown in Figure 1. This signal
is taken from the lead I of record ID s0027Ire of the
sixth patient. The simulation was applied with the
same window size of 70 samples to all three meth-
ods.
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Figure 2 Comparison of the distortion in the signals.

Figure 2 shows that the KF approach aligned the
ECG signal successfully and managed to keep the
signal without any distortion for the same window
size. Although the other approaches, MVG and
Spline, were able to remove the baseline wander-
ing, an additional artifact was added to the signal, as
shown in the S-wave for the MVG and some of the
QRS complex for the Spline approach.

Simulated data

The simulated ECG signal provides a quantitative
comparison amongst the techniques. The simulate
signal for a single beat is shown in
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Figure 3 Simulated ECG signal for one beat.
The KF approach is applied to the simulated data
over 150 beats. The window size for the KF ap-
proach is the same as for the real patient data (70
samples). The window size for the MVG and the
CSM was chosen to be 90 samples. This was done to
improve the performance of the MVG and the CSM.
The result from applying the KF, MVG, and CSM
techniques is shown in Figure 4.
As it can be seen from the results, all three tech-
niques successfully remove the baseline wandering
in the modified ECG signal. These resulting signals
are compared to the original signal to study the dis-
tortion resulting of each of the techniques.
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Figure 4 Comparison between the three techniques.

The mean and standard deviation of the error result-
ing from the difference between the original signal
and the signal generated from each of the techniques
are shown in Table 1. It is to be noted that the com-
parison is performed after the convergence of the
KF.

Algorithm Mean Error STD
Error

Kalman Filter 0.073 0.076

Moving Avering 0.215 1.858

Cubic Spline 1.010 3.666

Table I Comparison between baseline removal techniques.
As can be seen from the table above, the level of dis-

tortion is minimal for the KF approach. This is be-
cause the MVG and the CSM techniques are highly
dependant on the window size and the heart rate of
the patient. However, the KF approach can be ap-
plied to different signal as shown previously, for the
same window size.

Discussion and conclusions

This paper presented a method used in real time
baseline removal. However, this was adjusted as
mentioned in Eq. (9) by using exponential weight-
ing on the state variables update equations of the SS
model. The reason for this weighting is to accelerate
the convergence of the Kalman Filter. As shown in
the results, the KF approach had minimal distortion,
specially in the ST segment, when compared to the
other techniques. The KF approach for the removal
of baseline wandering failed for the condition under
high frequency changes. This is due to the adapt-
ability and convergence factor of the KF. This prob-
lem can be fixed by increasing the window size for
the time samples; however, this is not favorable due
to the increase in the computational time during es-
timation. In conclusion, although the Kalman filter
approach did not accommodate for quick baseline
changes, this approach was successful in the online
estimation and removal of the baseline wandering
for real-patient and a simulated test signal.
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