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ABSTRACT

In data an acquisition, method to acquire data has an effect to the access time and more
importance with the accuracy. This thesis proposes 8-channel data acquisition to increase the
accuracy; on the other hand, the proposed method could decrease the uncertainty of data. Qur
method is designed both hardware and software for acquiring 8-channel at the same time. From
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- #e dudszAnideannsomIdvinmaned 3.1
@15197 3.1 1 Student’s t Factor
$munda Student’s t Factor
fita () | cL50% | CL68.3% | CL9S% | CL955% | CL99% | CL99%

2 1.000 1.83 12.71 15 63.7 -
3 0.817 1.32 430 4.6 9.92 21
4 0.765 1.20 3.18 3.4 5.84 9.7
5 0.741 1.14 2.78 2.9 4.60 6.9
6 0.727 1.11 2.57 2.7 4.03 5.7
7 0.718 1.09 2.45 2.5 3.71 5.0
8 0.711 1.08 2.36 2.4 3.50 4.6
9 0.706 1.07 231 24 3.36 4.4
10 0.703 1.06 2.26 2.3 3.25 42
11 0.700 1.05 2.23 23 3.17 4.0
12 0.698 1.05 2.20 2.3 3.11 3.9
13 0.696 1.04 2.18 23 3.05 3.8
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M3199 3.1 (79)

ﬁmauﬂiz N Student’s t Factor
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# HeidiSQL Dump

#

R R e - S R RS R e
# Host: $27.0.0.1

# Database: dbcreal

# Server version: 5.0.67-community-nt

# Server OS: Win32

# Target compatibility: Same as source (5.0.67)

# Target max_allowed_packet: 1048576

# HeidisQL version: X.y

# Date/time: 2008-12-29 14:22:56

e e e e S R A e

/*140014 SET @OLD FOREIGN KEY CHECKS=@@FOREIGN KEY CHECKS, FOREIGN_KEY CHECKS=0;*/

i
# Database structure for database 'dbcreal’
#

CREATE DATABASE /*132312 IF NOT EXISTS*/ “dbcreal™ /*140100 DEFAULT CHARACTER SET tis620

USE “dbcreal”;

#
# Table structure for table 'tbrec!
#

CREATE TABLE /*132312 IF NOT EXISTS*/ “tbrec™ (
~id® varchar(50) NOT NULL,
“ix" tinyint (3) unsigned NOT NULL default '0',
"mode” tinyint(l) unsigned NOT NULL default '0',
“a7" double(14,8) unsigned default NULL,
a6~ double(14,8) unsigned default NULL,
“a5" double(14,8) unsigned default NULL,
“a4” double(14,8) unsigned default NULL,
“a3” double(14,8) unsigned default NULL,
“a2” double(14,8) unsigned default NULL,
“al” double(14,8) unsigned default NULL,
“a0” double(14,8) unsigned default NULL,
PRIMARY KEY (~id~, “ix")

) ENGINE=MEMORY DEFAULT CHARSET=tis620;

#
# Dumping data for table 'tbrec'
#

# No dat; found.

/*140014 SET FOREIGN KEY CHECKS=@OLD FOREIGN KEY CHECKS;*/
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1 % INITIAL
S S SR S
3 echo off all; % clear;

% % CONNECT DATABASE

6 K ~-mmemmemmceme et neeecdeccccecccecmcmecacecicnmcmcamaaea-
7 mysgl('closeall'); % Close Before Open

&€ mysqgl('open', 'localhost', 'root', '2917');

O

2 mysql('use', 'dbcreal');
10 mConnected = mysqgl ('status'); % Return 0 = Open, 1 = Close

11
12 % START
13 ¥ mmemmmc e e e cc e nccemeceemaa

14 logo = strcat (' KING MONGKUT''S INSTITUTE OF TECHNOLOGY LADKRABANG') ;
15 calcdate = strcat(' [ UPDATE=', date, ' ]1');
16 clc; fprintf(logo); fprintf(calcdate);

18 pid = ' "creal_last" ';

1% pemdstrl = strcat('SELECT COUNT(id) FROM dbcreal.tbrec WHERE id = ', pid, ' ORDER BY id,
20 pemdstr2 = strcat('SELECT id, ix, mode, a7, a6, a5, a4, a3, a2, al, a0 FROM dbcreal.tbrec
21 [dent] = mysqgl( pemdstrl );

2z [id, ix, mode, a7, a6, a5, a4, a3, a2, al, a0] = mysql( pcmdstr2 );

23

24 % DISCONNECT DATABASE

B e e e SR T e e 3 P SA L R B A T SN, Sy S
26 fprintf('\n');

27 mysql('close');

26 mConnected = mysql ('status'); % Return 0 = Open, 1 = Close

29

30 % RESULT

3] § mmemmceccof ool Ad T SR LN WNANY hd . Y
3 X =1:.1: dent;

for i = 144 ¥: dent
5 if dmin > a0 (i)

36 dmin = a0 (i) ;
37 end
18 if dmax < a0(i)
39 dmax = aQ(i);
40 end
41 end
2 refline = ((dmax + dmin) / 2);
43

44 figure(l); title('s-CHANNEL DATA READING BY SERIAL ADC FOR MCS-51 ) 7

45 plot(x, refiipe.'ak', Xpa7 P&, B Xa0; ¥/ <add %, &9 x, afoxy 841, x, a0);
46 grid on;

47 axis([1 dent 0 51); xlabel('Time (6.75ms./div)"); ylabel ('Voltage (Volt)'):;



NANUIN 3

Tsunsummnd § 1450 MCS-51

66



67

1 //Ineclude External File

R L
3 #include <stdio.h>

4 #$#include "IMM-CPU-AT89LP4052.H"

5 4$#include "IMM-Func.H"

¢ #include "IMM-RS232.H"

7 #include "IMM-WDT.H"

3

9
10 //Promote Function
s P

2 wvoid ADCSerialRead (void) ;
13 void ADCSerialSend (void) ;
14 wvoid ADCParallelRead (void) ;
15 void ADCParallelSend (void) ;

16
17
18 //Pin Configuration
19 ffmmmmm s e a b e b e emm eSS s m e h S e e e e
20 sbit CLK = P3%°4;
21 sbit CS8 = P3°5;
22 sfr DIO = 0x90; //P1 = 0x90
23" sbit D7 = P1%7;
24 sbit D6 = P1%6;
25 sbit D5 = P1”°5;
26 sbit D4 = P1%4;
27 sbit D3 = P1%3;
28 sbit D2 = P1%2;
29 sbit D1 = P1%1;
30 sbit DO = P170;
31 sbit ACT = P372;
2 sbit MD = P3"3;
a3
34
35 //Global Constant' And Variable
36 [ e m o PSSR 90 AL TR e, L AT R .
7 #define dt 1
38

39 unsigned char ikey;
40 wunsigned int al[8];
41 unsigned char d[12];
42 unsigned char tbf;

43

14

45 //Interrupt Service

T e e e e e L e L o " W0 RV S AN — Gy /57 Sy
47 void Timer0_Service() interrupt 1
48

49 THO = 0x0D;

50 TLO = 0x80;

51

52 if (tbf i« 1) {

53 tbf++;

54 } else {

L3 thf = UF

5¢é

57 ACT = 1;

58 if (MD == 0)

5% ADCParallelRead() ;
60 } else {

61 ADCSerialRead() ;
63 ACT = 0;

64

65 if (MD == 0)

66 ADCParallelSend() ;
67 } else {

68 ADCSerialSend() ;
65 }

70

21 if (ikey < 239) {

12 ikey++;

73 } else {

74 ikey = 0;

1L

T8 }
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78

Fib

80 //Function main()

I T O
82 int main(void) {

83 unsigned char i = 0;

84 unsigned int j = 0;

85

86 //Initial All Hardware

87 // PxM1 PxMO MODE

g8 /) o 0 BI

ga 7/ o 1 I/p

- o S ) 0 o/p

s R | i ] o/p [OC]

92

23 P1M1 = 0x00;

94 P1IMO = 0x00;

a5 P3M1 = 0x00;

96 P3MO = 0x00;

97

28 P3 = OxFF;

Sqg
100 RS232_Init();
101 printf ("\n\x");
102

103 // WDT Init(); //Match Dog Timer
104

105

106 //Configuration Interrupt Timer-o0
107 THO = 0x00;

108 TLO = 0x00;
108 TMOD &= OxFO; //TMOD: Timer-0, Mode 1, 16-Bit
110 TMOD |= 0x01;

13 B | TRO = 1; //TRO: Timer=-0 Run
112

113 //Enable Interrupt [Reg-IE]
114 EA = 1;

118 ES = 0;

116 ET0O = 1;

117 ET1 =} Q;

118 EX0 =.0;

119 EX1 = 0;

120

121 while (1) ; //Infinity Loop
122

123

124 /=

125 [//Test Usage Time For ADC Read
126 for (j = 0; 3 < 2500; j++) {
127 if (MD == 0) {

128 ACT =9;

129 ADCParallelRead() ;
130 ACT = 03

131 ADCParallelSend(i);
132 } else {

133 ACT = 1;

134 ADCSerialRead() ;

135 ACT = 0;

136 ADCSerialSend (i) ;

137 }

138 i+4;

139 }

140 */

141 return 0;

142 } // End.void main()

143

144

B B e T
14€

147

148 //ADC Serial-Read

149 ffmmmmmmmm e e e e e e e eeememeemo o
150 wvoid ADCSerialRead (void)

18

152 unsigned char i = 0;

150

154 //CH-0



I =L NI e s e
156 //Make Sure All Pin Go High
157 CE e )
158 CLK = 1;
159 DO = 1;
160
161 /[/Start
&2 CS = 0;
164 [//CLK-00 START
165 CLK = 0;
DO = 1;
CLK = 1;

149 //CLK-01 SGL = Single Ended Mux Mode

170 CLK = 0;

B | DO = 1;

172 CLK = 1;

£73

174 J/CLK-02 SIGN = CH-0

175 CLK = 0;

176 DO .= 0;

177 CLK = 1;

178

17% //CLK-03 MSBF/LSBF = MSB First
180 CLK = 0;

181 DO = 1;

182 CLK = 1;

183

184 //Data Pin Go High

185 D0 = 1;

18¢€

i87 [/CLK-04 TO CLK-16

188 CLK = 0;
189 for (i = 07 1 '« 23;7i+%) |
130 Delay{dt) ;

191 al0] <<= 1;

182 af0] |= DO;

153 CLE =1g¢

124 CLK = Q;

.__(.:_ }

o i

87 J/CH-1
e
129 [/Make Sure All Pin Go High
200 CsS. = 1;

201 CLK = 1;

202 D1 = 1;

203

pa f/Start

20 C8 = 0;

//CLK-00 START
CLK 0;
D1 1;
CLK = 1;

//CLK-01 SGL = Single Ended Mux Mode
CLK = 0;
DI = 1;
CLK = 1;

//CLK-02 SIGN = CH-0
CLK = 0;
Dl = G

220 CLK = 1;

//CLK-03 MSBF/LSBF = MSB First
CLK = 0;
D1 = 1;
CLK = 1;

//Data Pin Go High
Dl = 1;

2306 |/ /CLK-04' 'TO 'CLK-16
231 CLK = 0;



70

232 for (i = 0; 1 < 13; i++) |
233 Delay(dt) ;

234 all] <<= 1;

235 a[1) |= D1;

23é CLK = 1;

237 CLK = 0;

238 }

239

240 //CH-2

B et R g
242 [//Make Sure All Pin Go High
243 CE = 1;

244 CLK = 1;

245 D2 =13

246

247 [/8tart

z48 c8 = 03

2458

250 //CLK-00 STAR

251 CLK = 0;

252 P2 = 13

253 CLK = 1;

254

255 //CLK-01 SGL = Single Ended Mux Mcde
256 CLK = 0;

0 PD2-"= Li

2z CLK = 1;

//CLK-02 SIGN =/ CH-0

2 CLK = 0;

262 D2 = 0}

263 CLK = 1;

264

265 [//CLK-03 MSBF/LSBF = MSB First
266 CLK ='0;

267 D2 = 8;

268 CLK = 1;

269

270 //Data Pin Go High

271 D2 = 1;

273 //CLK-04 TO CLK-16

27 CLK =003

275 for (A% 0T 4 < & 3Lad 0 {
276 Delay (dt) ;

277 a2} %<= 1;

278 af2] |= D2;

279 CLK =%1%

280 . - CLK = 0y

281 }

282

283 //CH-3

264 // """""""""""""""""""""""""""""""""""""""""""""
285 [/Make Sure All Pin Go High
286 cs = 1;

287 CLK = 1;

288 D3I = 1;

289

250 J/Start

291 C8 = 0;

293

za3 //CLK-00 START

294 CLK = 0;

235 D3 = 1;

296 CLK = 1;

298 //CLK-01 SGL = Single Ended Mux Mode
239 CLK = 0;

300 D3 = 1;

Nl CLK = 1;

302

303 //CLK-02 SIGN = CH-0

304 CLK = 0;

30s D3 = 0;

306 CLK = 1;

3017

308 //CLK-03 MSBF/LSBF = MSB First
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CLK = 0;
D3 = 1;
CLK = 1;

//Data Pin Go High
D3 = 1;

//CLK-04 TO CLK-16
CLK = 0;

for (i = 0; i < 13; i++) {

Delay (dt) ;
al[3] <<= 1;
al3] |= D3;
CLK = 1;
CLK = 0;

//Make Sure All Pin Go High
C8 = ];
CLK = 1;
Déd = 1;

//Start
Cs8 = 0;

//CLK-00 START
CLK = 0;
D4 = 1;
CLK = 1;

//CLK-01 SGL = Single Ended Mux Mode

CLK = D;
D4 =/15
CLK = 1;

//CLK-02 SIGN = CH-0
CLK 0;
D4 @
CLK 15

L}

//CLK-03 MSBF/LSBF = MSB First

CLK
D4
CLK

0;
1;
1;

//Data Pin Go High
D4 = 1;

//CLK-04 TO CLK-16
CLK = 0;

for (i = 0; 1 < 13M1%s) {

Delay (dt) ;
al4)] <<= 1;
al4) |= D4;

CLK = 1;
CLK = 0;
}
//CH-5
//Make Sure All Pin Go High
C8 = 1;
CLK = 1;
D5 = 1;
//Start
C8 = 0;
//CLK-00 START
CLK = 0;
D5 = 1;
CLK = 1;

//CLK=01 SGL = Single Ended Mux Mode

CLK =.0;

7
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3i8a DS = 1;

387 CLK = 1;

388

38% [/CLK-02 SIGN = CH-0
390 CLK = 0;

197 D5 = 0;

332 CLK = 1;

383

iz4  //CLK-03 MSBF/LSBF = MSB First
355 CLK = 0;

196 D5 = 1;

397 CLK = 1;

ing

359 //Data Pin Go High
400 D8 - = A}

401

402 [//CLK-04 TO CLK-16
403 CLK = 0;

104 for (i = 0; i < 13; i++) {
405 Delay (dt) ;
406 al5] <<= 1;
407 a[5] |= D5;
408 CLK = 1;

409 CLK = 0;

410 }

411

412 [//CH-6

R e o 4 Sy TSR FES RS —ay WY e, O e S S R
414 //Make Sure All Pin Go High
415 28 = 1z

41¢ CLK = 1;

417 D6 = 1;

418

41% /J/Start

420 Cs8 =j0g

421

422 //CLK-00 START

423 CLK = 0;

424 D6 = %;

425 CLK = %;

42

3

a2 //CLK-01 SGL = Single Ended Mux Mode
128 CLK = 0;

42% D6 = Ui

430 CLK = 13

431

432 J/CLK-02 SIGN = CH-0

433 CLK = 0;

434 D6 = 0;

435 CLK = 1;

43¢

437 //CLK-03 MSBF/LSBF = MSB First
438 CLK = 0;

439 D6 = 1;

4440 CLK = 1;

441

44z //Data Pin Go High

443 D6 = 1;

444

445 [/CLK-04 TO CLK-16

44¢ CLK = 0;

447 for (i = 0; 1 < 13; i++) {
448 Delay(dt) ;

449 al6] <<= 1;

450 a[6] |= Ds;

45] CLK = 1;

452 CLK = 0;

453 }

4154

455 //CH-7

L e P P g S
457 [//Make Sure All Pin Go High
458 C8 = 1;

455 CLK = 1;

460 D7 = 1;

2598

462 [/start
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Cs = 0;
//CLK-00 START
CLK = 0;
DT = 1;
CLK = 1;
//CLK-01 SGL = Single Ended Mux Mode
CLK = 0;
D7 = 1;
CLK = 1;
//CLK-02 SIGN = CH-0
CLK = 0;
D7 .= 0;
CLK = 1;
//CLK-03 MSBF/LSBF = MSB First
CLK = 0;
D7 = 1;
CLK = 1;

//Data Pin Go High
DT = 1;

//CLK-04 TO CLK-16

CLK = 0;

for (i = 0/ if < 13; i++) |
Delay(dt) ;
al[7) j<e= 1;
al7) 4= D7;
CLK = 1;
CLK = 07

for (il=_0; i = g des)| |
a[i] &= OxOFFF;

void ADCSerialSend (void)

printf ("%02bXs", ikey);
printf ("$03X", al[7]);
printf ("%03X", al(6]);
printf ("%$03X", -a[5]);
printf ("%03X", a[4])y
printf ("$03X", &[3]);
printf ("%03X", a(2]);
printf ("%03X", a[l]);
printf ("%03X", a[0l);
printE(™\z™) ;

//ADC Parallel-Read
void ADCParallelRead (void)

//Make Sure All Pin Go High
Cs = 1;
CLK = 1;
DIO = OxFF;

//Start
CS = 0;

//CLK-00 START
CLK = 0;
DIO = OxFF;
CLK = 1;

//CLK-01 SGL = Single Ended Mux Mode
CLK = 0;
DIO = OXFF;
CLK = 1;



41 //CLK-02 SIGN = CH-0

542 CLK = 0;
543 DIO = 0x00;
a4 CLK = 1;
545

546 //CLK-03 MSBF/LSBF = MSB First

547 CLK = 0;

548 DIO = OxFF;
549 CLK = 1;

580

551 //Data Pin Go High
552 DIO = OxFF;
E53

554 //CLK-04 NULL

585 CLK = 0;

556 Delay (dt) ;

Y

558 CLE =1

559

560 //CLK-05 DATA BIT-11
561 CLK = 0;

562 Delay(dt) ;

563 d[11] = DIO;
64 CLK = 1;

[ T

65
y

//CLK-06 DATA BIT-10

CLK = 0;

Delay(dt) ;

d[10] = DIO;

CLK = 1;
//CLK-07 DATA BIT-09

CLK = Q;

Delay(dt) ;

d(9] = DIO;

CLK =8
//CLK-08 DATA BIT-08

CLK = 0;

Delay (dt) ;

d[8] = DIO;

CLK = };

//CLK-09 DATA BIT-Q7
CLK = 0;
Delay (dt) ;
d[7] = DIO;
CLK = 1;

//CLK-10 DATA BIT-06
CLK = 0;
Delay(dt) ;

d[e] = DIO;
CLK = 1;

//CLK-11 DATA BIT-0S
CLK = 07
Delay(dt) ;

d[5] = DIO;
CLK = 1;

602 //CLK-12 DATA BIT-04

603 CLK = 0;

504 Delay(dt) ;

605 d(4] = DIO;

60¢ CLK = 1;

607

£0& //CLK-13 DATA BIT-03
609 CLK = 0;

610 Delay(dt) ;

511 d([3]) = DIO;

612 CLK = 1;

613

&14 //CLK-14 DATA BIT-02
515 CLK = 0;

61¢€ Delay(dt) ;
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d[2] = DIO;

CLK = 1;
//CLK-15 DATA BIT-01

CLK = 0;

Delay (dt) ;

d[1] = DIO;

CLK = 1;

//CLK-16 DATA BIT-00
CLK = 0;
Delay (dt) ;
d[0] = DIO;
CLK = 1;

void ADCParallelSend(void)

printf ("%$02bXp",
printf ("%02bX",
printf ("%02bX",
printf ("%02bX",
printf ("%02bX",
printf ("%02bX",
printf ("$02bX"g
printf ("%02bX",
printf ("%02bXx",
printf ("%02bX",
printf ("%02bx",
printf ("%02bX",
printf ("%02bX",
printf("\z»Y;

ikey) ;
dafi1]);
dl10]);
afsl);
da(sl);
@alpr) ;
df[e]);
dals});
dl4]);
di3l):;
daf2]);
a (1))
dfo]l);

75
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Option Explicit

'Data

Private fiKey As Long
Private fMode As String
Private £D(11) As Long
Private fA(7) As Long
Private fV(7) As Double
Private fVMean(7) As Double
Private fVMin(7) As Double
Private fVMax(7) As Double
Private fVDiff (7) As Double

'Matlab
Private Matlab As Object
Private fResult As String

'RS§-232

Private fDbuff As String
Private fDIn As String
Private fDCnt As Integer

'Final Bﬁffer

Const fBuffSize = 240

Private fFIFOBuff (7, (fBuffSize - 1)) As Double
Private fIKeyBuff (7, (£BuffSize - 1)) As Double

'Properties
Private fFrmWidth As Long
Private fFrmHeight As Long

Private fLock As Boolean

Private Sub btnLock Clieck ()
If fLock = False Then
fLock = True

1blLock.BackColor
Else

fLock = False

lblLock.BackColor
End If

&HPF& 'Color = Red

I

&HB0000005 'Color = Button Face

cmbMode . SetFocus

End Sub

Private Sub btnMySQL_Click()
If fLock = False Then Call btnLock Click

If MySQL.Cnt.State = adStateClosed Then
If MySQL.ConnectServer = False Then
stb.Panels(2) .Text = " Can't Connect MySQL-Server"
End If
End If

If MySQL.Cnt.State = adStateOpen Then
Dim 1CmdStr As String
Dim 1Id As String
Dim 1Mcode As String
Dim 1lIx As String .
Dim 1A(7) As String

Dim bIx As Integer
Dim bdx As Integer

1Id = MySQL.DBNullString("creal_last")
1Mode = MySQL.DBNullString(cmbMode.ListIndex)

If MySQL.ExeCmd ("DELETE FROM dbcreal.tbrec WHERE id = " & 1Id & "; ") = True Then
For bIx = 0 To 239
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1Ix = MySQL.DBNullString(bIx)
For bdx = 0 To 7

78

1A (bJx) = MySQL.DBNullString(fFIFOBuff (bdx, bIx))

Next bJdx
lCmdStr = "INSERT INTO dbcreal.tbrec (id, ix, mode, a7, a6, a5, a4, a3, a2,
& "VALUES (" & 1lId & ", " & 1lIx & ", " & lMode & ", " & 1A(7) & ", " & 1A(6)
g%, " & IR(E) s, s IR(4Y & M, PETIRNEY & M R AR e T e gAY 8
Call MySQL.ExeCmd(lCmdStr)
Next bIx
End If

1Id = MySQL.DBNullString (txtId.Text)
txtId.Text = MySQL.DBString(1Id)
1Mode = MySQL.DBNullString(cmbMode.ListIndex)

If MySQL.ExeCmd ("DELETE FROM dbcreal.tbrec WHERE id = " & 1Id & "; ") = True Then

For bIx = 0 To 239
1Ix = MySQL.DBNullString(bIx)
For bdx = 0 To 7

1A (bJx) = MySQL.DBNullString(£FIFOBuff (bdx, bIx))

Next bJx

1CmdStr = "INSERT INTO dbcreal.tbrec (id, ix, mode, a7, a6, a5, a4, a3, a2,

& "VALUES (" &-1Id & ™, ™ & 1Ix &,

& ", PPk LA(SIE "L AIR(2)EP) LA &
Call MySQL.ExeCmd(1CmdStr)
Next bIx
End If
End If
End Sub

Private Sub btnMatlab_Click()
'Call btnMySQL Click

Set Matlab = CreateObject("Matlab.Application")
fResult = Matlab.Execute("creal")

End Sub

Private Sub btnSaveConfig Click()
Dim 1Ix As Integer

For 1Ix = 0 To{
MEnv.cfgM(1Ix)
MEnv.cfgB (1Ix)
txtM(1Ix) .Text
txtB(1lIx) .Text

Next 1lIx

Round (Val (txtM(1lIx) .Text), 8)
Round (Val (txtB(1lIx) .Text), 8)
Format (MEnv.cfgM(1Ix), "0.00000000")
Format (MEnv.cfgB(1Ix), "0.00000000")

Call MEnv.SetEnvironment

End Sub

" & 1Mode & ", " & 1lA(7) & ", " & 1A(6)

W& 1A(2) & ", " & 1A(1) &

Private Sub txtM KeyPress(Index As Integer, KeyAscii As Integer)

If KeyAscii = 13 Then
KeyAscii = 0
Call btnSaveConfig_Click
End If

End Sub

Private Sub txtB_KeyPress(Index As Integer, KeyAscii As Integer)

If KeyAscii = 13 Then
KeyAscii = 0
Call btnSaveConfig Click
End If .

End Sub
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Private Sub Form_Initialize()
Call VBNetStyle.GetVBNetStyle

End Sub

Private Sub Form_Load ()
MEnv.Clear
MEnv.GetEnvironment

Dim 1Ix As Integer
Dim 1Jx As Integer

For 1Ix = 0 To (fBuffSize - 1)
chtV.Row = 1Ix + 1
chtV.RowLabel = "
For 1dx = 0 To 7

chtV.Column =
chtV.Data = 0

e
(=]
»®
+
=

fFIFOBuff (lJx, 1lIx) =0
fIKeyBuff (10x, 1lIx) =0
Next 1Jx
Next 1Ix

For 1Ix = 0. To 7
txtM(1lIx) .Text = Format (MEnv.cfgM(lIx), "0.00000000")
txtB(1lIx) .Text Format (MEnv.cfgB(1Ix), "0.00000000")
Next 1Ix

With cmbMode
.AddItem " First In First OQut"
.AddItem " iKey Index"
.AddItem " Random Interleaved Sampling”
.ListIndex = 0
End With

tabMain.Tab = 1

On Error Resume Next
MSComm.CommPort = MEnv.cfgCommPort
MSComm.Settings = MEnv.cfgCommSetting
MSComm. PortOpen = True
If Err.Number <> 0 Then

stb.Panels(2) .Text = " Comm-Port Not Ready..."
Else

stb.Panels(2) .Text =" Comm-Port = " & MSComm.CommPort . _

& ", Comm-Setting = " & MSComm.Settings
End If
Err.Clear

DoEvents: tmrRefreshDisplay.Enabled = True

End Sub

Private Sub Form Resize()

On Error Resume Next

fFrmWidth = frmCReal.ScaleWidth
fFrmHeight = frmCReal.ScaleHeight

tabMain.Width = fFrmWidth - 200
tabMain.Height = fFrmHeight - 500
chtV.Width = fPrmWidth - 400
chtV.Height = fFrmHeight - 1200
Err.Clear

End Sub

Private Sub Form Unload (Cancel As Integer)
]

End Sub

Private Sub tmrRefreshDisplay_Timer ()

79
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Call UpdateMSChart

End Sub

Private Sub MSComm_OnComm ()
If fLock = False And MSComm.CommEvent = 2 Then
fDIn = MSComm. Input
If Asc(fDIn) = 13 Then
If £DCnt = 27 Then
Call StoreInBuffer
Call DataCalc
End If
fDbuff = "=
fDCnt = 0
Else
If fDCnt < 27 Then
fDbuff = fDbuff & fDIn
£DCnt = £DEnt + )
End If
End If
End If

End Sub

Public Sub StoreInBuffer()
Dim 1Ix As Long

fiKey Val("&H" & Mid(fDbuff, 1, 2))
fMode Mid(fDbuff, 3, 1lj
If fMode = "p" Then
'Run On Parallel Mode.,.
stb.Panels (1) . Text
For 1Ex§= OITcl1E
'LSB - MSB
'"ED(1Ix) = Val({"&H" & Mid (fDbuff, ((lIx * 2) %+ 4), 2))

won

"Parallel Mode"

'MSB - LSB
fD(11 - 1Ix) = Val("&H" & Mid(fDbuff, ((lIx * 2) + 4), 2))
Next 1lIx

Call ConvertDataToAnalog
Else
'Run On Serial Mode...
stb.Panels(1l) .Text = "Serial Mode"
For 1Ix =\04 Tal 7
- " 'LSB - MSB
'fA(1Ix) = Val("&H" & Mid(£Dbuff, ((I1Ix * 3) + 4), 3))

'MSB - LSB
fA(7 - 1Ix) = Val("&H"™ & Mid(fDbuff, ((1Ix * 3) + 4), 3))
Next 1Ix
End If
End Sub

Public Sub ConvertDataToAnalog()
Dim 1AIx As Long

Dim 1DIx As Long

Dim 1Buff As Long

For 1lAIx = 0 To 7
fA(1AIX) = 0
For 1BIx = 0 To 11
If (fD(1DIx) And (2 * 1AIx)) > 0 Then
fA(1AIx) = fA(1AIx) + (2 * 1DIx)
End If
Next 1DIx
Next 1AIx

End Sub

Public Sub DataCalc()
Dim 1Ix As Long
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Dim 1Jx As Long

For 1Ix = 0 To 7

fV(1Ix) = Round((MEnv.cfgM(1Ix) * fA(1Ix)) + MEnv.cfgB(1lIx), 4)

' If fV(1Ix) < 0 Then £V(1Ix) = 0
¥ If £V(1Ix) > S Then fV(1Ix) = 5

fIKeyBuff (1Ix, fiKey) = £fV(1Ix)

fvMean (1Ix) = 0
fVMin(1Ix) = 5 '<- Maximumn Voltage
fvMax(1Ix) = 0 '<- Minimumn Voltage
fVDiff (1Ix) = 0

For 1Jx = 0 To (fBuffSize - 2)
fFIFOBuff (1I1x, 1Jx) = fFIFOBuff(lIx, 1ldx + 1)
- fVMean(1Ix) = fVMean(lIx) + fFIFOBuff (1Ix, 1Jx)
If £VMin(1Ix) > fFIFOBuff (1Ix, 1Jx) Then fVMin (lIx)
If fVMax(1Ix) < fFIFOBuff (1Ix, 1Jx) Then fVMax(1lIx)
Next 1Jx
fFIFOBuff (11x, (fBuffSize - 1)) = fV(1lIx)
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fFIFOBuff (1I1x, 1Jx)
fFIFOBuff (11x, 1lJx)

fVMean (1Ix) = fVMean(1lIx) + fFIFOBuff(lIx, (fBuffSize - 1))
If fVMin(1Ix) > fFIFOBuff(1Ix, (fBuffSize - 1)) Then fVMin(lIx) =
If fVMax(1Ix) < fFIFOBUff(1Ix, (fBuffSize - 1)) Then fVMax(lIx) =

fVvMean (1Ix) = fVMean(lIx) / fBuffSize
EVDiff (1Ix) = £fVMax(lIx) - £VMin(lIx)

1blIFA(1Ix) .Caption = Format(£A(lIx), "0 ")

1blV(1lIx) .Caption = Format (£V(1Ix), "0.0000 ™)

1blVMean(1Ix) .Caption = Format (£VMean(lIx), "0.0000 ")

1blVMin(1Ix) .Caption = Format (fEVMin(lIx), "0.,0000 *)

lblVMax (1Ix) .Caption = Format (EVMax(lIx), "0.0000 *)

1blVvDiff (1Ix) .Caption = Format (EVDiff(lIx), "0.0000 ")
Next 1Ix

End Sub
Public Sub UpdateMSChart ()
Dim lRow As Integer

Select Case cmbMode.ListIndex
Case 0 'FIFO

With chtv
For l1Row = 0 To (fBuffSize - 1)
.Row = lRow + 1
.Column = 1: .Data = fFIFOBuUff (0, lRow)
.Column = 2: .Data = fFIFOBuff(l, lRow)
.Column = 3: .Data = fFIFOBuff(2, lRow)
.Column = 4: .Data = fFIFOBuff (3, lRow)
.Column = 5: .Data = fFIFOBuff (4, lRow)
.Column = 6: .Data = f£FIFOBuUff (5, lRow)
.Column = 7: .Data = fFIFOBuUff (6, lRow)
.Column = 8: .Data = £FIFOBuff (7, 1lRow)
Next 1Row
End With

Case 1 'iKey
With chtVv
For 1lRow = 0 To (fBuffSize - 1)
.Row = 1lRow + 1

.Column = 1: .Data = fIKeyBuff (0, lRow)
= .Column = 2: .Data = fIKeyBuff(l, lRow)
.Column = 3: ,Data = fIKeyBuff (2, lRow)
.Column = 4: .Data = fIKeyBuff (3, 1lRow)
.Column = 5: .Data = fIKeyBuff(4, 1lRow)
.Column = 6: .Data = fIKeyBuff (5, 1lRow)
.Column = 7: .Data = fIKeyBuff(6, 1lRow)
.Column = B8: .Data = fIKeyBuff (7, 1lRow)
Next l1Row
End With

Case 2 'Random Interleaved Sampling
With chtv
For 1Row = 0 To (fBuffSize - 1)
.Row = 1lRow + 1

fFIFOBuff (1Ix,
fFIFOBuff (1Ix,

(EB
(§3:



3186 .Column = 1: .Data = £FIFOBuff (0, lRow)

87 .Column = 2: .Data = fFIFOBuff (1, lRow)
.Column = 3: .Data = £FIFOBuff (2, lRow)
.Column = 4: .Data = f£FIFOBuff (3, lRow)
.Column = 5: .Data = fFIFOBuff (4, 1lRow)
.Column = 6: .Data = £FIFOBuff (5, 1Row)
.Column = 7: .Data = fFIFOBuff (6, 1lRow)
.Column = 8: .Data = £FIFOBuff (7, lRow)

Next 1lRow
End With
g Case Else
3 'Do nothing

B
s

End Select
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8-Channel Reading of Analog to Digital Converter

S. Intajag and S. Samaimak

Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520,
THAILAND. (Tel: +66 2326 7347 Ext. 102; E-mail: meanakorn@gmail.com)

Abstract:  In data acquisition, the method to read data has an effect to the access time and more importance with the
accuracy and precision of the data. In this paper, 8-channel reading is proposed by using LTC1298, which is a chip to
convert analog to digital signal. In our scheme, the eight chips are employed to construct the 8-channel of analog to
digital conversion. Our scheme can read all 8 channels at the same time.

Keywords: Data Acquisition, Serial ADC, and Serial to Parallel.

1. INTRODUCTION

Recently, integrate circuit (IC) have been used for
converting from analog to digital signal as known in the
name of analog to digital converter (ADC). Almost,
ADC is serial interface that causes of some problems
when have to connect with several ports in the same
times; especially, the times to convert and feed into
microprocessor unit (MPU). These problems increase
with the number of ports.

In this paper, we propose method to read data from
ADC with 8 channels to decrease the problems of the
serial interface; particularly, the signal lagging in each
channel. Parallel reading from 8 channels of serial bus
[1] interface is not complex and easy to fabricate. We
design both of hardware and software. The hardware
uses 8 chips, number LTC1298 [2], to construct the
circuit and the software using C language (KEIL
compiler) to demonstrate the reading mechanism. In the
experimentations, the 8-channel interface is compared
with common ADC in the cases of times to conversion
and the times to feed data into MPU.

2. HARDWARE

K-

Fig. 1. Prototype of the 8-channel of ADC
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Hardware of the proposed method consists of two
parts that are ADC part and microprocessor part as seen
in Fig. 1.

LTC1298 is micro power operating with 12-bit,
successive approximation sampling ADC. It consumes
current only 250uA when it converts data and
automatically power down to InA whenever it is not
performing conversions. LTC1298 is packaged in 8-pin
SO packages and operated on 5V to 9V of supplies. This
12-bit switched-capacitor, successive approximation
ADCs includes sample-and-holds. The LTC1298 offers
a software selectable 2-channel multiplexer (MUX).

On-chip serial ports allow data transferring efficiently
in a wide range of microprocessors and microcontrollers
over the three wires. These are coupled with micro
power consumption to make possible remote location
and to facilitate tramsmitting data thought isolation
barriers.

CS I1 ® 3 VCC
CHn @ CLK
——{ 2 9 7 '—
E g 5 DI/DO

-
5 D

@

=z

o
Al

Fig, 2 LTC1298,

From Fig. 2, pin 1 is chip selector (CS), pin 7 is clock
signal (CLK) and pin 6 is Data-In (DI) signal. DI will be
generated on MCS-51 and the pin 5 Data-Out (DO) port
is read with the same MCS-51. DI and DO are called
DI/DO pin.

In circuit design (Fig. 3) of ADC with 8 channels,
DI/DO signal pins of the eight chips are declared to
send and receive with microprocessor MCS-51. From
Fig. 4, all 8 channels of the DI/DO pin of cach
LTC1298 chip are connected to port 0 (PP-0) of
MCS-51, which is transferred by byte; instead separate
connection, which transfers by bit. The CS pins of each



channel are connected into port 2.1 of MCS-51 and
taking CLK pins from each LTC1298 to connect with
port 2.0 of MCS-51
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Fig. 4 Circuit and pin connection

3. SOFTWARE

Software of the proposed method is composted with
C language by using KEIL complier as seen in Fig. 5.
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MCS-51 WRITE COMMAND

SGU | ODD/
DIFF | SIGN

MSBF/
LSBF

START

Fig. 6 Input data word for LTC1298.

For the signal start bit, the first “logical one” clocked
into the DI pin after CS goes low. The start bit initiates
data transfer. LTC1298 will ignore all leading zeros,
which precede this logical one. After the start bit is
received, the remaining bits of the input word will be
clocked in. Further inputs on the DI pin are then ignored
until the next CS cycle.

MUX ADDRESS CH#
SGL/MDIFF ODD/SIGN 0 1 GND
1 0 + -
1 1 +
0 0 + &
0 1 - +

Fig, 7 channel selection of LTC1298.

For multiplexer address, bits of the input word
following by the START bit are assigned to MUX
configuration fo request conversion. For a given channel
selection, the converter will measure voltage between
the two channels that indicate by the + and — signs (as
seen in Fig. 7) in the selected row of the following
tables. In single-ended mode, all input channels are
measured with respect to GND.

For MSB First/LSB First (MSBF) from Fig. 8, the
output data of LTC1298 are programmed for MSB first
sequence by using the MSBF bit. When the MSBF bit is
a logical one, the data will appear on the DO line in
MSB first format, and the logical zeros will be filled
indefinitely following the last data bit. When the MSBF
bit is a logical zero, LSB first data will follow the
normal MSB first data on the DO line.

cs |
1 2 3 4

DiDO Bi1 | B1D
b= S Ik
g5 8% 8

Fig. 5 KEIL C complier.

The LTC1298 clock data are signaled into the DI and
feeding on the rising edge of the clock signal. The input
data words are defined in Fig. 6.
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Fig. 8 LTC1298 operation with DIN and DOUT.

LTC1298 can be operated with DI and DO that tied
together. This eliminates one of the lines require to
communicate to the microprocessor. Data are
transmitted in the back and forth directions on a single
wire. The processor pin is connected to this data line, it
should be configurable as either an input or an output.



The LTC1298 will take control of the data line and
drive it low on the 4th falling CLK edge after the start
bit is received (see Fig. 8). Therefore the processor port
must be switched to an input before this happens to
avoid some conflicts.

Generally, programming design to read data ADC
from eight LTC1298 chips will get from each channel in
sequential mode. In Fig. 9, the sequential mode is
illustrated, which MCS-51 will write command to
LTC1298 chips by ordering from CH-0 to CH-7
respectively. Therefore, LTC1298 in each channel of
the second step will convert analog to digital signal by
ordering too. The reading signal of each channel
consists of four steps; then, for 8 channels this reading
method will execute 32 steps, which causes of time

consuming.
START
MCS51 | WR COMMAND
9 [L[7C1298 |CONVERTA TOD
5|[MCS51  |RD ADC DATA
MCS-51 ADJUST DATA
®
®
®
MCS51  |WR COMMAND
~ [[TC1298 |CONVERTA TO D
5[MCS51 . |RD ADC DATA
MCS51 _|ADJUST DATA

Fig. 9 Flowchart of 8-Channel reading of ADC.
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DI.'D031101XDDD.“DD
D/IDO4|1|1|0]|1|X|D|D|D D|D
DWDOS5|1|1|0|1|X|D|D|D D|ID
DIDO6|1|1|0|1]|X|D|D|D DD
DIDO7|1|1|0]|1|X|D|D|D DID
& |zlw|s
s322EE B (a8
[N win|mwjnin I
- ey Wi~ wn (W
SigBIBIg8RBE |22
Olo|o|o|lojo|o|o Q0

Fig. 10 Scheniatic of 8-channel reading process.
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In our reading method, the reading process is
developed to reduce the times. The proposed scheme
will read data in parallel mode as seen in Fig. 10.

Initially of the reading process, the variables are
defined to store analog-to-digital-converter data
configuration and prompt for fast transfer to eight
LTC1298 chips [DO_A03 = START, DO_A02 = SGL,
DO_A01 = SIGN, DO_A00 = MSBF] as seen from Fig.
10.

From Fig. 10, sending schedule information from
configuration variables DO_A03, DO_A02, DO_A01,
DO_A00 uses parallel port (PP-0). Control signal, CS,
and CLK use parallel port (PP-1). MCS-51 sends
configuration data on CLK0O - CLK03 and CLKO04 is
signal to start reading ADC data. Eight chips will
convert signal analog to digital at the same time.
Consequently, reading data and storage in received
buffer variable DI_A11 - DI_A00 at CLK05 — CLK16
are operated. With the times only 17 clocks, our method
can read eight chanmels of the analog to digital
converter and storage in the created variable.

TRy

[ WR COMMAND FOR 8CH |

| Mcs-51

[LTC1288 [CONVERT A TO D FOR 8CH |

[MCs-51  [RD ADC 8CH TO BUFFER |
[Mcs-51  TADJUST DATA ]

Fig. 11 Data flow of 8-channel reading process of ADC.

Our algorithm for reading ADC data from eight
LTC1298 chips was proposed. It sends and receives a
byte of data in each time by given ports, DI/DO, which
are connected to PP-0. In this algorithm, data can be
transferred more than the bit stream of serial interface.
Fig. 11 illustrates the data flowing in 8-channel reading
process, which employs 4 executable instructions to
read 8 channels.

4. EXPERIMENTAL RESULTS

In this section, our method is tested to compare the
time consuming in the reading process. The equipments,
which are used in the experimentations, see Fig. 12.

In experimentation, MCS-51 is set up the start and
stop bits to be a signal for measuring the time
consuming of reading process. The start bit is defined in
logic 1 before the reading process, and the stop bit is
given in logic 0 after finished the reading process.



Fig. 12 Equipments are employed in experimentation.

The reading process using for comparison consists of
[IN PROCESS], [WR COMMAND], [CONVERT A
TO D], [READ TO BUFFER] and [ADJUST DATA).
In the measurement of reading process, oscilloscope is
used for capture the signals as defined in Fig. 13 and 14,

[ (o] oeme -]
o3m |]

IN PROCESS

WR COMMAND

CONVERTATO D

READ TO BUFFER

ADJUST DATA

Fig. 13 Timing of 8-Channel reading with serial bus.

IN PROCESS . 35 ms

WR COMMAND ‘l 0.3 ms
CONVERTATOD J 0.1 ms
READ T6 V.BU-FFEFI ] 0.3 ms
ADJUST DATA 28ms

Fig. 14 Timing diagram of proposed method.

The instruction [CONVERT A TO D] is executed 8
times in the conventional reading process, which uses
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serial interface as shown in Fig 13. As the same
instruction, our method executes only one time.

For instruction [IN PROCESS], the conventional
method executes 8 times using 0.8 ms for each time
signal, then the total time consuming in this step equals
to 6.4 ms. However, the proposed scheme executes only
one cycle using the times 3.5 ms.

For the other instructions, the proposed method
employs time cycles that faster than the conventional
method 1/8-cycle as seen in Fig. 13 and 14; but, except
in [ADJUST DATA]. In the instruction [ADJUST
DATA], the proposed scheme executes longer than the
conventional method.

Fig. 15 illustrates the signals in channel 1 (Chl) for
the instruction [IN PROCESS], and channel 2 (Ch2)
displays the signals of instruction [CONVERT A TO D]

From the experimentation, the reading process of our
scheme has some advantages when implements on IC
that communicates by serial mode and uses the [WR
COMMANDY] instruction with a lot of data. The other
benefit will occurs when MPU executes faster than
ADCIC.

5. CONCLUSIONS

The proposed method uses the access times less than
the conventional method, which provides with serial
interface. The access time equals the time for reading 1
channel;, however, our method can read 8-channel
simultaneously. On the other hand, the proposed method
may be solving the problem of phase lag that causes of
accuracy and precision of an instrument.
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