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A method of analog data sampling using a microcomputer

Shogo SAKATA

Abstract

I have developed a framework of analog data sampling for psychophysiological laboratories. Within this
framework, an experimenter can specify stimulus events and theirv timing, collection of responses, and collec-
tion of physiological data. Therefore many investigators will be able to treat some analog data more easily.
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{2, ADX-98E M +5 /O F—- e EDT7 FLADREE

F— &k READ/WRITE PORT ADDRESS (1633
CONTL WRITE 00D0h
BCSET WRITE " (0D1lh
FREQSEL WRITE 00D2h
MODE WRITE 00D3h
SEQSEL WRITE 00D4h
CHSEL WRITE 00D6h
RDSTS READ 00D0h
LBYTE READ 00D2h
HBYTE READ 00D4h
RDSW READ 00D6h

£33 A/DEREFMO4EY EF— RN 2B OfAGDEE ERITH

Y HEBIER
7= F K KR BT HEBEER (2#£K5)
OFB —5V~ +5V 0000 0000 0000~1111 1111 1111
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OFB 0V~ +5V 0000 0000 0000~1111 1111 1111
~OFB 0V~+10V 0000 0000 0000~1111 1111 1111
CMP =5V~ +5V 1000 0000 0000~0111 1111 1111
CMP —10V~+10V 1000 0000 0000—~0111 1111 1111
CMP 0V~ +5V 1000 0000 0000~0111 1111 1111
CMP 0V~+10V 1000 0000 0000~0111 1111 1111
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%4, -5 V~+5VOHEO7 5 ANES EEREROIE

; 7% = N
3= FAEBT D RRHR 2= KO BT S

1111 1111 1111 0111 1111 1111 +4.99756 V
+4.99634 V

1111 1111 1110 | O111 1111 1110 +4.99512V
+4.99390 V

1111 1111 1101 0111 1111 1101 +4.99268 V
+4.99146 V
+0.00366 V

1000 0000 0001 | 0000 0000 0001 +0.00244 V
+0.00122V

1000 - 0000 0000 | 0000 0000 0000 0.00000 V
—0.00122V

0111 1111 1111 1111 1111 1111 +0.00244 V
—0.00366 V
—4.99390 V

0000 0000 0010 1000 0000 0010 —4.99512V
—4.99634 V

0000 0000 0001 1000 0000 0001 —4.99756 V
—4.99878 V

0000 0000 0000 1000 0000 0000 —5.00000 V
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APPENDIX A TADCON) 7m &5 AD£EYV—AY A b

program AD_CONVERT:
{$R+}
uses DMAMLTS,dos, printer, graph,crt;

const ch_nun=8
DLN = 512 3
Times = 100 ;
type
SMPtype = array[(l..DLN,l..ch_num] of integer:
save_type = array(l..DILN] of integer ;
var
SMp . SMPtype absolute $8c00:3$0;
save_data : save_type ;
Fv_Smp . file of SMPtype
FF : file of save_type

i, x,x1,x2,yl,y2,y0,tr, trial,disp_on,p: integer;
col,ch, jj.ct,ch_set, trg_max,ctl_max : integer:

BANK , DBA . word ;

FID, strct : string[80] :

subname : string[2] :

channel > string(1] ;

rk : char ;
{::::::::::::::::::: Sampl ing ===================:====}
procedure sampling;

begin
TextColor(Yellow)

gotoxy (2, 8)

writeln(CAF S 4 7’(‘: BRFSATDZEEHEN 819200 VAMALES D ETH?),
gotoxy (2, 10)
WNWM(Bb747k%%ﬂ%m'VWWGT4VﬁbUﬁﬁaT®U§?#Q)
gotoxy (18, 12) ;

writeln("HELES, U&—V%—%#LTT%M):

readin

mmw(hSm.'AWweMt) {ZOFRSATHRRAMTF 4 A EERMA }
rewrite(Fv_Smp) ;

clrscr ;
gotoxy (15, 8) ; »
writeln("8F v YR 7FualF—r2 mWMHRARKTOISA’) ;
gotoxy (13, 10) ;

writeln(CEREMIE 1HL4 Y+ 1 msec 512 B4 Y FRDRAR') ;
gotoxy (18, 12) ;

writeln(" 10 OE#EDELT 1 OO0HEERYALET") ;
writeln;

TextColor (Khite) ;

writeln(’ VR—y & —TCRBEHEDET') ;



24 ruay€a—y VT rayy—yORYAKRE

‘readln; writeln('Sampling start 11°);
for tr:=1 to Times do
begin

Norm8237a( BANK , DBA , DLN , ch_num )

ADX98setup( $11 , $FF ); { $11 = 1000 Hz : 1 point = 1 msec.

StartConversion:
repeat until RDSTS(DMAMODE) =0 ;
write(Fv_Smp, Smp) ;
writeln('Sampling ( No.’,tr:3,' )’):
end;
close(Fv_Smp) ;
end,

procedure clear_data;

var ch,i: integer;

begin
for ch:=1 to ch_num do begin
for i:=1 to DLN do begin

SMP[i,ch]:=0; save_datali}:=0;

end; end;

end;

procedure Parameters; { 2—¥—#, X7 XA—-s—FAHLET ]

var sure : char;
begin
repeat;
TextColor(Yellow);

DMAcheck ( Seg(sMP) . Ofs(sMP) , DLN , ch_num , BANK . DBA )

— 65 —

%5. 51 }

writeln(’ B ¥ 5 1 74 ¥SUBxx¥ch) ~ chTDF 4 L 7 b Y ¥ FdfF- 7""“% BR'):

writeln('819200 KB L EDF—2F4 AT RIBEALCT &V,

"Y:writeln;

writeln(CREEHRD 7 7 AV BRREE X, %WM%M%MIO&&D&?)

writeln; TextColor(White):
write(" INPUT Subject No.?? = ):readln(subname);

write(’ WHEERTRLETH? FRTS->1 FRLEW--2'); readin(disp_on);

writeln; write(C XALWECTH»? (y/n) ')ireadln(sure);
until Upcase(sure)="Y':

end;
procedure Wave_Save; { WAVE DATA%SAVEL ¥7 }
var ch,m,p . integer
sample_num : string[3];
begin

Str( ch_set-1, channel ): Str( Trial, sample_num );

FID := 'B:¥SUB’+subnamet’¥CH’ +channel+
'¥CH'+channel+'-"+sample_numt '.°’

writeln(CHEH77»4 1% - *,FID );

assign( FF, FID ),

rewrite( FF );

write( FF , save_data):

close( FF );

end; { of Wave_Save }

+ channel ;



s==========2== Graphic =s===============s==z==z=zz= }

procedure Graph_Open:

var  GraphDriver, GraphMode, MaxColor : integer;
begin
DetectGraph( GraphDriver, GraphMode ) :
InitGraph( GraphDriver, GraphMode, "’ ') :
end;

function posX : longint;
begin
posX:=Round ( (640/ (DLN*2) ) *x)

end;

function posY : longint:
begin
case Smp[x,ch]>=0 of

true : posY:=Round(200-(300/640)*save_data[x]):
false: posY:=Round(200+abs ((300/640) *save_data[x]));

end;

end;

procedure graph_screen;
begin

end;

clrscr;
Graph_Open;
x1:=0; x2:=639 ; yl:=0 ; y2:=399;
SetViewPort (x1,yl,x2,y2,ClipOn);
x:=511,y0:=200; SetColor (green);
MoveTo(0, y0) ;LineTo(posX, y0) ; Setcolor(Whlte)
for ch:=ch_set to ch_set do
begin
SetColor ({ch mod 7)+1);
for x:=1 to DLN do begin
save_data[x]:=Smp[x, ch] div $10;
if x=1 then MoveTO(posX, posY) else LineTO(posX, posY):
end;
CloseGraph;
end;

procedure data trans;
begin

end;

for chi=ch_set to ch_set do begin
for x:=1 to DLN do

save_data[x]:=Smp[x, ch] div $10;
end;
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(FRRkRRkRkEs Main FFERREREREE)
begin
clrser;
clear_data:
sampling;
clrscr;
textreverse(noreverse) ;
Parameters;
for ch_set:=1 to ch_num do
begin
writeln: writeln ("7 7 £ JL SAVE'): writeln;
for trial:=1 to Times do o
begin
case disp_on of
1 ! Graph_Screen;
2 : data_trans ;
end; { of case disp_on }
Wave_Save:
end;
end;
writeln; TextColor (Green);

')'

end.

writeln(" 7302 Y F—RDF TV ANLTF— A OERBLUVMD AHTERELKTLEL A
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APPENDIX B TDMAMLT8] 77 { L D2V —A Y A b

{
BF v VRN AER for ADX-98E DMA ( USERS GUIDE p.64 )
‘DMAMLTS.TPU’ 41 Y I —FR2 740 By S. Sakata

}

unit DMAMLTS;

interface

type flag_RDSTS =( DATARDY, OVERRUN, DMAMODE, DMAORUN, WAITTRIG, CHNSEQ, AUX1, AUX2 ) ;
flag_LBYTE =( CD3, CD2, CD1, CDO, DGI3, DGI2 , DGI1 , DGIO ) :

Function RDSTS( flagname : flag_RDSTS ) : byte; { DMAOREG»AH )
Function LBYTE( flagname : flag_LBYTE ) : byte: { FATRNADTRARRASL )
Function DMAcountD : boolean ;{ DMA av}n-5- 8237A D 3+ VN DEHN {MIDF1y) }
Function CurrentAddress : integer ; {BVVYIPRVADSAEL }

procedure DMAcheck( Segment, Offset, DLN, CHNUM : word; var Bank, DBA : word );
procedure Norm8237A ( BANK, DBA, DLN, CHNUM : word ): { for DMA controller 82374 }

procedure Pre8237A ( BANK, DBA, DLN, CHNUM : word ); { 8237A for Pretrigger }
procedure ADX98setup( FREQ,CHSEQ : word ); { $¥7°U¥) sy BUDARE {708 }
procedure StartConversion; { NYFEARTICHEELCRDAA }

procedure PostTrigger : { DMA2YM-5-8267AlL., J —< LR THHEVTE N}
procedure PreTrigger  { DMAIYpD-5-8267Akk, TV MY NHBTHBHEVWT IV }

implementation
procedure DMAcheck( Segment, Offset, DLN, CHNUM : word ; var Bank, DBA : word ):
var SegmentA, PhysicA, Errorcheck : longint
begin
PhysicA:=0;
SegmentA:=Segment,;
PhysicA:=SegmentA*16+0ffset;
Bank :=(PhysicA shr 16) and $000F;
DBA:=PhysicA and $FFFF;
Errorcheck := DBA + DLN * CHNUM * 2 - 1 ;
if Errorcheck >= 65536 then writeln(’ 64K SECTION ERROR!!! *);
~end { of DMAcheck }

{ MY HOBROWRESZ WA M MY T EBVBERE]
procedure Norm8237A( BANK, DBA, DLN, CHNUM : word );  { for DMA controller 8237A }

var BCOUNT . integer:

begin
port [$0025] :=Bank : ;{ Set DMA bank }

{ Set up 82374 }
port[$0015] :=$07 :{ nask DMA channel 3 }
port[$0017] :=$47 :{ node register }
port[$0019] :=$00 +{ clear first/last FF }
port [$000D] :=Lo (DBA) ;{ address set Lo }
port [$000D] :=Hj (DBA) +{ address set Hi }
BCOUNT := DLN % CHNUM x 2 - 1 :
port [$000F] : =Lo (BCOUNT) ;{ byte count set Lo }
port{$000F] :=Hi (BCOUNT) :{ byte count set Hi }

end { of DMAsetup_} ;
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{7V Y HERAWIRE]
procedure Pre8237A( BANK, DBA, DLN, CHNUM : word ), { 8237A for Pretrigger }
var BCOUNT . integer ; A :

begin
port[$0025] :=Bank _ : { Set DMA bank }

{ Set up 8237A } .
port[$0015] :=$07 ;{ mask DMA channel 3 '}
port[$0017] :=$57 =M dt )
port [$0019] :=$00 { clear first/last FF }
port [$000D] :=Lo (DBA) ; { address set Lo }
port{$000D] :=Hi (DBA) +{ address set Hi }
BCOUNT := DLN * CHNUM *# 2 - 1 ;
port [$000F] : =Lo (BCOUNT) +{ byte count set Lo '}

port [$000F] :=Hi (BCOUNT) :{ byte count set Hi }
end { of 8237ASet } -

procedure ADX98setup ( FREQ, CHSEQ : word ) { 97990 by, LD AKE 4V ]

begin
port[$00D2] :=FREQ and $3F : { set sampling frequency }
port [$00D4] :=CHSEQ ; { set channel sequerice }
end { of ADX98setup } : '
procedure StartConversion; { bUFEARTICELEL THRDAR }
begin
port[$0015] :=$03 v { reset mask }
port [$00D0] :=$CB ; { set control word $CB="'11001011" }

end { of StartConversion}

procedure PostTrigger; { DMA2b-7-8267A1%, J —<AEBCBHEVWTE Y}

begin

port [$0015] :=$03 ; { reset mask }

port [$00D0] :=$DB ; { set control word $DB="11011011" }
end { of PostTrigger } : :

procedure PreTrigger ; { DMA2/b-5-826TAI%, 7V PY THBTHEFEVWTEW }
begin
port [$0015] :=$03 i { reset mask - ch.3}
port [$00D0] :=$FB : { set control word $FB="11111011""}
end { of pretrigger } ;

Function DMAcount0 : boolean ; { DMA avbp-3- 8237TA D 3F+/INDEEHN {MEDFry) }
var CCH ., CCL : byte :

-begin
CCL := port[$000F] ;
CCH := port[$000F] ;

if ( CCL <> $FF ) or ( CCH < $FF)
then DMAcount0 false
else DMAcount0 true
end { of DMAcount0 } ;
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Function CurrentAddress : integer ; {BUVYPZPRUVADHRAKEL )
var CCH , CCL : byte
begin
CCL := port($000D]

CCH := port{$000D]
CurrentAddress:=CCH#256+CCL+1
end ;

{ Analog-PRODMA I /OHX—POD7Z%ER
Analog-PRO DMA D& HR— LI %P 2EALET, )

Function RDSTS( flagname : flag_RDSTS ) : byte: { DMADOREFHARAAR )
var st , Bit : byte:
begin

st := port[$D0];
case flagname of

DATARDY : Bit := st and $80 ;
OVERRUN : Bit := st and $40 ;
DMAMODE : Bit := st and $20 ;
DMAORUN : Bit := st and $10 ;
WAITTRIG : Bit := st and $08 :
CHNSEQ : Bit := st and $04 ;
AUX1 . Bit := st and $02 ;
AUX2 ¢ Bit := st and $01 ;
end;
RDSTS := Bit :
end { of RDSTS }

Function LBYTE( flagname : flag_LBYTE ) : byte: { F4 CRNAHBEZRS )
var st, Bit : byte v
begin

st := port[$D2]

case flagname of
CD3 : Bit := st and $80
CD2 ¢ Bit := st and $40 ;
CD1 . Bit := st and $20 :
CDo : Bit := st and $10
DGI3 . Bit := st and $08 :
DGI2 . Bit := st and $04 ;
DGI1 : Bit := st and $02 ;
DGIO ¢ Bit := st and $01 ;

end; .
LBYTE := Bit ;
end { of LBYTE}
end.



