Appendix C

Data Acquisition and Control—Some Hints

Danial J. Neebel

In the previous two appendices we described how to set up the hardware to use
with UW DigiScope and how some of the routines in DACPAC can be used. Here we
provide some helpful hints on how to develop some of these routines and set up the
hardware to perform DAC. We are not describing everything that must be done.
We give the reader some hints and advice as to what to do and what not to do. We
will also give some good references for performing some of the operations needed
to do data acquisition and control with the IBM PC.

This appendix should give the reader some idea of how to go about setting up a
simple data acquisition and control system. It includes information on the basic €-
ements required to read analog and digital signals into a computer using the three
different types of devices presented in the previous appendix. The first type is an
internal device. An internal device is connected to and communicates with the PC
via the internal expansion bus. An I/O device can aso be external. An external de-
vice communicates with the PC via either a serial or parallel communication port.
The most common communication ports are RS232 (serial) and IEEE 488
(paralld). In this text, we discuss only RS232 communications since aimost all
IBM PC architecture machines have an RS232 seria port available. The last type
of device isavirtual I/O device. DigiScope uses data files and a timer interrupt to
simulate analog data acquisition. These same file utilities are used to store and re-
trieve data gathered using internal and external analog input devices.

There are four basic operations involved in using an input/output device: Open
Device, Input Data, Output Data, and Close Device. Open Device will initialize the
device for the type of 1/0 requested and set up any interrupts that may be needed to
perform exact timing. Input Data will determine if the data requested is available
and retrieve the data from the device. Output Data will give the device a piece of
data to output. Close Device will terminate al operations being performed by the
device and disable any interrupts set up by Open Device. In the discussions that
follow, we describe exactly what must be done to perform each of these operations
for each of the three devices presented. The last section gives helpful hints for
writing your own interface to be used with Digi Scope.
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318 Biomedical Digital Signal Processing

All programming for the PC isdonein Turbo C. We refer the reader to the Turbo
C manuals for information on such things as serial communication routines and file
Input/output.

C.1 INTERNAL I/O DEVICE (RTD ADA2100)

This type of device requires installation inside the chassis of the IBM PC. Figure
C.1 shows the connection of an ECG amplifier to an 1/O card. Note that no extra
hardware is required.
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Figure C.1 Internal card data acquisition and control system.

C.1l.1lInterfacingtoan I/O card with Turbo C

Interfacing to a card installed in the PC is done using the library routines provided
in Turbo C that read and write from and to the I/O space of the processor. For 8-bit
I/O operations, i nport b() and out portb() are used for input and output respec-
tively. Functions i nport () and out port () are used for 16-bit input and outpuit.
The ADA2100 is an 8-hit I/O card so we have used i nport b() and out portb().
We refer the reader to the Turbo C Reference Guide for more information on these
routines. Figure C.2 shows examples of using i nport b() and out portb() to set
up the 8259 interrupt controller. The 8259 is part of the PC system, but the opera-
tions of reading and writing using i nport b() and out portb() are the same as
reading and writing to a card.

C.1.2 Handling interruptson the | BM PC with Turbo C

We discuss some of the basic operations required to properly set up interrupts
and—possibly more important—how to make sure that interrupts are disabled
when we do not want them to occur. Programming with interrupts is difficult be-
cause an interrupt can occur at any point in the execution of a program. We have
limited control over when an interrupt can occur. An interrupt is used when an ex-
ternal event needs to stop whatever process is running and cause another process to
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execute. There are many sources of interrupts. An interrupt can come from the
keyboard, a disk controller, a seria port, the time of day interrupt, or many other
sources. In this case we would like something to happen at very regular time inter-
vals.

I nterfacing to the interrupt controller

The IBM PC has one Intel 8259 interrupt controller. The interrupt controller is lo-
cated at 0x20 and Ox21 in the I/O space of the processor. Note that we use the C-
language convention for specifying hexadecimal (base 16) constants. The interrupt
controller is the device that tells the processor that an external process has re-
quested an interrupt. If interrupts are enabled, the processor will acknowledge the
interrupt. The interrupt controller will then tell the processor where to look for the
interrupt vector. The vector isthe address of the interrupt service routine.

The 8259 interrupt controller has many capabilities, but we recommend that you
only change the interrupt mask register, IMR. For a more detailed description of
the 8259, see the Intel Microprocessor and Peripheral Handbook, Volume I, or
Eggbrecht (1983). The IMR is located at Ox21 in 1/O space. The IBM PC/AT
architecture uses two 8259 interrupt controllers. The master interrupt controller is
located at Ox21 and the dlave is located at 0x70. The two interrupt controllers are
cascaded to provide 15 different interrupt levels. IRQ2 of the master interrupt con-
troller is connected to the slave.

When masking or unmasking an interrupt, it is very important to only change the
mask of the interrupt of interest. It is equally important to mask the interrupt after
use. Figure C.2 shows one method of unmasking an interrupt at the beginning of a
program and returning the mask to the original setting at the end of the program.

I nterfacing to the operating system—interrupt handling

Along with unmasking the interrupt in the interrupt controller, we must also initial-
Ize the interrupt vector to point to the proper interrupt handler. Turbo C provides
two routines that make this very easy. Before setting the interrupt vector to the new
interrupt handler, the current interrupt vector must be saved so that before the pro-
gram exists to the operating system, the interrupt vector can be returned to the
original value.

An important item to remember when using interrupts on the PC is to always
return the system interrupt handler and interrupt vectors to the state they were in
when the program started. To do this we save the current IMR and interrupt vector
into two global variables and reset the IMR and interrupt vector to these values
upon termination of the program. Exiting without resetting the IMR and interrupt
vector could cause serious problems. If this event occurs for whatever reason, the
user should reboot the system.
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mai n(char *argv[], int argc)

(. . .
di sabl e(); /* disables all interrupts */
A dVector = getvect(10); /* set interrupt vector */
setvect (10, Itinmer);
A dvask = inportb(0x21); /* unmask 1RQ 2 on 8259 */

mask = O dMask & OxFB;
out port b(0x21, mask) ;
enabl e(); /* enables all interrupts */

/* code that can be interrupted by | NTERRUPT 10 */
di sabl e();

out portb(0x21, A dMvask) ; /* return mask to original val ue
*/
setvect (10, O dVector); /* return interrupt vector to
*/
/* original val ue
*/
enabl e();

Figure C.2 Setting the interrupt vector and interrupt mask register.

C.2 EXTERNAL 1/0 DEVICE (MOTOROLA 68HC11EVBU)

For an external input/output device, we have chosen the Motorola S68HC11EVBU
student project kit. This device was chosen because of its availability and low cost.
The drawback of using this device is the difficulty in setting it up. To turn the
EVBU into an 1/O device, a 68BHC11 assembly language program is needed to
communicate with the PC and perform the necessary input and output. Fortunately
we have done this part of the task for you. An example system is shown in Figure
C.3. Also, the EVBU is not a difficult device to program. The student evaluation
kit includes enough tools and documentation so that anyone who has experience
writing assembly language code should be able to program the EVBU.

An advantage of using this device is that all critical timing can be done by the
68HC11. This means we can avoid using interrupts on the PC altogether. However,
the 68HC11 has a time-based interrupt. Interrupts are a little easier to handle on a
microcontroller than on a PC; an operating system and disk drives and other items
make a PC more complicated.

In this section we give a short introduction to using serial communications with
Turbo C. Finally, we give an example of two routines, one written in Turbo C for
the PC and one in assembly language for the EVBU; they each perform a simple
communication sequence.
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Figure C.3 Motorola EVBU data acquisition and control system.

C.2.1 Common operations

Here we briefly describe the operations needed to perform the basic operations of
OPEN, CLOSE, GET, and PUT.

#def i ne COVL 0
#def i ne COw 1
#def i ne COMB 2
#def i ne COV4 3

define SETTINGS (OxEO| 0x03|0x00| 0x00)
/* 9600 Bd 8 bits 1 stop no parity */

/* CPORT contains COM port is being used */
int CPORT=COM,;

/[* initialize serial port */
bi oscom( 0, SETTINGS, CPORT);

/* read the status of serial port */
status = bioscon(3, 0, CPORT) ;

/* read the input buffer of serial port */
port = bioscom 2, 0, CPORT);

/[* Send an ASCII Q out on serial port */
bi oscon(1,' Q , CPORT);

Figure C.4 Useof thebi oscon() Turbo C library routine.

Opening the device

An open device routine must initialize the RS232 seria port, establish a communi-
cation link with the EVBU, and initialize the EVBU for any timing and data taking
that need to be performed. Initializing the serial port is easily done using the
bi oscon() routine provided by Turbo C (see Figure C.4). In section C.3.3 we give
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an example of how this is done. Figure C.5 shows the communication sequence
that takes place when the external device is opened.

- PC sends reset command “R’ to EVBU for soft reset.

- EVBU gets “R’ and junps to reset vector. As part of reset,
EVBU sends “R’ to PC to echo Reset comrand.

- PC sends channel nmask “Cx” to EVBU. x is an 8-bit mask with
1's in positions corresponding to anal og i nput channels to be
r ead.

- EVBU echoes channel nmask “Cx” and saves it.

- PC sends delay setting, “Dxxxx” to EVBU. xxxx is in Hex and is
timer ticks of 68HCL1 tiner.

- EVBU echoes “Dxxxx” command and saves del ay setting.

PC sends go command “G’ to EVBU

- EVBU echoes “G command and starts tinmer interrupts.

Figure C.5 Communication sequence for initializing EVBU for real-time data transfer.

Closing the device

A close device routine need only send a command to tell the EVBU to terminate all
data acquisition and stop sending data to the PC host.

I mportant: Starting EDAC

Each time the EVBU is reset it is necessary to usg
pcBugll to restart the EDAC program. The command tg
dothisis:

PCBUG11 -E port=N macro=go.

Where N is the number of the COM port that the EVBU
Is connected to. N must be either 1, 2, 3, or 4. Also the
following files must be in the current directory:

PCBUG11.EXE, TALKE.XOO, TALKE.BOO, and
GO.MCR.

All these files except for GO.MCR are included on the
pcBugll disk you received with the EVBU. GO.MCR iS
included on your DigiScope disk.
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I nput data

An input data routine must give the EVBU arequest to read data and wait for are-
sponse. Remember that the host should always limit the amount of time spent wait-
ing for a response so as not to hang the computer waiting for an event that will
never occur.

Output data

An output data routine must send the EVBU a command telling the EVBU to out-
put a specified piece of data.

C.2.2 Serial communicationsusing Turbo C

Serial communication is accomplished via the bi oscon() routine. Function
bi oscom() is a multipurpose routine that can be used to initialize the seria port,
check status, read the serial port, send a byte out on the serial port. The Turbo C
reference manual gives some very helpful examples of how to perform each of
these operations. Figure C.6 shows some examples from the code developed for
this text.

send_comand("R"); /* reset the EVBU */

[* Tell EVBU which channels the host wants to read. */
/* The EVBU wi Il send this many bytes to the TERM NAL */
[* at the sanple rate */

for (i=0, mask=0;i <Header->num channel s;i ++) {
mask | = 1 << i;

}
sprintf(buf,"C\r", mask) ;
send_command( buf);

[* calc delay betw. sanples */
if (Header->rate !'= 0) {
del ay = 2000000 / Header->rate;

} else {

del ay = O; [* if rate is O send O delay */
}
sprintf(buf,"D¥\r", del ay); [* Tell EVBU del ay */

send_command( buf);

send_comand(" G'); /[* Tell EVBU to start sanpling */

Figure C.6 Turbo C code for the PC to execute the sequence in Figure C.5.
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C.2.3 A sample communication sequence and the code to execute it

Here we present the communication sequence used to open the EVBU device used
by Eopen() . We have removed some of the error checking to make the code easier
to understand. The sequence being executed is exactly the same as that performed
by Eopen() on the PC and EDAC. ASMon the EVBU. The sequence is outlined in
Figure C.5. The PC must provide the EVBU with sample rate and number of
channels, and indicate if block transfer mode or real time mode is to be used. The
code used to execute the sequence on the PC and EVBU is given in Figures C.6
and C.7 respectively. The send_comand() routine shown in Figure C.8 sends a
NULL-terminated string to the EVBU.

Note that a one-byte mask is sent to tell the EVBU which channels to read. Each
bit position corresponds to an analog input channel. The bits and channels are
numbered 0-7. If bit 2 is the only bit set in the mask, then channel 2 will be the
only channel read.

LDAA # R send signon character to host
JSR DATOUT

SETUP JSR DATI N
BRCLR FLAGS
RCVDAT SETUP wait for a character
JSR DATQUT echo to host for host's error

checki ng

CVPA # D Check for del ay
BNE SETUP1
JSR GETDELAY Read in the hex value and save
BRA SETUP

SETUP1 CWVPA #' C Check for number of channels
BNE SETUP2
JSR GETCHAN Read in the hex value and save
BRA SETUP

SETUP3 CMPA #' G Check for Start
BNE SETUP

* set up A/D converter and start interrupts

Figure C.7 Assembly language code for 68HC11 to execute the sequencein Figure C.5.

C.3 VIRTUAL I/O DEVICE (DATA FILEYS)

File I/0 isanormal operation to most programmers. Here we show one method of
using files to ssmulate a physical I/O device. The first task is to make file 1/0
operations look like operations involving a physical 1/0O device. Next we need to
provide some type of timing operation so that input and output take place at a
specific rate. Providing timing is the difficult part of smulating a physical device
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with data files. To perform the timing operation of virtual analog input, your
system must have the time-of-day interrupt compatible with an IBM PC or PC/AT.

-

.
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data

PC AT

Figure C.8 A microcomputer and hardware for virtual analog input.

C.3.1 Stealing the time of day interrupt

Figure C.9 shows how to steal the time-of-day interrupt. The old interrupt vector is
saved so that it can be restored and also so that the new timer interrupt routine can
cal the interrupt service routine approximately 18.2 times/s. This keeps the time-
of-day clock running at a rate close to the correct rate. If this was not done the
time-of-day would be set to an unknown value after the program was finished us-
ing the interrupt. For more information about what types of things can be done by
stealing the time of day interrupt, see Bovens and Brysbaert (1990).

C.3.2 Initializing the 8253 for a specified samplerate

Figure C.10 shows a routine to set up the timer to a specified rate. The operations
required are to calculate the number of clock ticks required between samples and
then set up the timer. Timer setup requires setting TI MERO in node 2 and writing
the least-significant byte then the most-significant byte to TI MERO. The timer con-
trol islocated at Ox43 in 1/O space and TI MERO is located at 0x40 in 1/O space. The
8253 has three timers. TI MERL is used for the speaker output and TI MER2 is used
for dynamic memory refresh. It is very important that both of these timers remain
undisturbed. We refer the reader to the Intel Microprocessor and Peripheral
Handbook, VVolume Il for more information on the Intel 8253.
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#defi ne TI MERO 0x40 [* 1/O nmemlocations for 8253
*/
#defi ne TI MER CTRL 0x43

void interrupt(*A dTiner)(void); /* global to save old ISR */

di sabl e(); /* disable interrupts */

A dTi mer = getvect (0x08); /* save the old | SR*/

setvect (0x08, SuperTiner); /* set new | SR to our routine
*/

Set UpTi ner(rate); /[* initialize timer to rate */

enabl e(); /* enable interrupts */

[***** code that can be interrupted goes here ******/

di sabl e(); /* disable interrupts */
setvect (0x08, A dTi ner); /* restore ISR */

out port b(TI MER_CTRL, 0x36); /[* timer O,nopde 3, LSB and MSB

*/outportb(TINERO, 0x00) ;
out port b( TI MERO, 0x00);
enabl e(); /* enable interrupts */
Figure C.9 Codeto steal the time-of-day interrupt (INT 8).
fdefine TI MERO 0x40 /* 1/O memlocations for 8253
#éefine TI MER_CTRL 0x43

#define TI MER_CLOCK (long) 1192755 /* Hz crystal for 8253 */
#define BIOS TIC (doubl e) 18. 2 /* in ticks per second */

int old timer_call;

voi d SetupTi nmer (frequency)
int frequency;

{
| ong di vi sor;
int data;
old timer_call = (int) (((double) frequency) / BIOCS TIC);
di visor = TIMER CLOCK / ((long) frequency);
out portb(TI MER_ CTRL, 0x34);/* tinmer 0, node 3, LSB and MSB */
data = (int) (divisor & OxFF);
out port b(TI MERO, data);
data = (int) ((divisor >> 8) & OxFF);
out port b(TI MERO, data);
}

Figure C.10 Codeto set the 8253 TI MERO to for a specified sample rate.
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C.3.3 Writing an interrupt serviceroutinein Turbo C

It isimportant that an ISR return the system to the original state the system was in
before the interrupt service routine was executed. This means that an ISR must
save the current state of the processor when the ISR was started. Fortunately,
Turbo C makes sure thisis done if the routine is declared with “void interrupt.”

voi d i nterrupt SuperTi ner()

{

static int super_counter = O;

TI ME_OQUT = TRUE;

if (++super_counter == old_tiner_call)
AdTimer(); /* execute old timer approx. 18.2 */
super _counter = 0; /* times per second */

} else {

out portb(0x20, 0x20); /* interrupt acknow edge signal */

}

Figure C.11 Interrupt service routine to set flag and call rea-time clock approximately 18.2
times/s.

Figure C.11 shows an ISR that could be used for virtual A/D in DACPAC. LI B. Note
that the Super Ti mer () routine only sets a flag and updates the real-time clock. By
limiting the amount of work done by an ISR, we can eliminate some of the prob-
lems caused by using interrupts.

C.4 WRITING YOUR OWN INTERFACE SOFTWARE

One of the most common needs of users of the data acquisition software available
with DigiScope will be adding a new interface device. In this section, we give
some directions for adding an interface to a different internal card to DigiScope.

C.4.1 Writing the interface routines

Section C.2 gives some hints for one method of interfacing Turbo C code to an
internal card. Most |/O cards will be shipped with some interface routines and/or a
manual and examples for writing these routines. The trick to making the interna
card work with DigiScope will be to match the card interfaces to the interfaces to
DigiScope. Appendix B shows all of the function prototypes used in DigiScope for
interfacing to the various types of 1/0 devices. For example, if you wish to write an
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interface to an internal card, you will need to write the routines included in
| DAC. OBJ. A list of those functionsis given in Figure B.4.

Examples of the code included in the module | DAC. OBJ. are given in Figures
C.12(a), C.12(b), and C.13. Figure C.12 shows the code used to open the device
and set up necessary timing and 1/O functions. Y ou should take note of the itemsin
the internal data structure Header that areinitialized.

/* dobal Variables */

unsi gned i nt BaseAddress = 200;/* base address for RTD card */

unsi gned i nt |RQine = 3;
static char AD_TI Me_QUT;
static char DA _TI Me_QUT;
static int a dMask;
static int NUM_CHANNELS; /* used to renenber how many */
/* channels to read */

static char OPEN=NG,
static char Tl MED=NO,
/* RTD board addresses */
#def i ne PORTA BaseAddress + 0
#def i ne PORTB BaseAddress + 1
#def i ne PORTC BaseAddress + 2
#def i ne PORT_CNTRL BaseAddress + 3
#def i ne SOC12 BaseAddress + 4
#def i ne SOC8 BaseAddress + 5
#defi ne AD_NSB BaseAddress + 4
#defi ne AD_LSB BaseAddress + 5
#defi ne DAl _LSB BaseAddress + 8
#defi ne DAl_MSB BaseAddress + 9
#defi ne DA2_LSB BaseAddress + OxA
#defi ne DA2_NMSB BaseAddress + OxB
#def i ne UPDATE BaseAddress + 0OxC
#defi ne CLEAR_DA BaseAddress + 0x10
#def i ne Tl MERO BaseAddress + 0x14
#def i ne Tl MERL BaseAddress + 0x15
#def i ne Tl MVER2 BaseAddress + 0x16
#defi ne TI MER_CNTRL BaseAddress + 0x17
char | open(Dat aHeader t *Header)
{ . o

int register i,j,in, out;

int delay, numchannels;

char buf[ 20];

i nt mask;

Figure C.12(a) Beginning of routine to open internal card for analog 1/0.
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AD_TI VE_OUT
DA_TI ME_OUT

FALSE
FALSE

Header->volthigh = 5.0; /* initialize header data structure
*/
Header->voltl ow = -5.0;

Header - >resol uti on = 12;

i f (Header->num channels > 8)
Header - >num channel s = 8;

NUM CHANNELS = Header - >num channel s;

Header - >num sanpl es = 0;

Header - >data = NULL,;

[* initialize internal card */
/[* PORT Clowis input */
/[* PORT C high is output */

out port b( PORT_CNTRL, 0x91) ;

/* set gain and offset for each channel during lget routine */
/* type should be set by user */
/[* for now the gain is always set to one */

for (i=0;i<Header->num channels;i++) {
ChanOf f set (Header,i) = 0.0;
ChanGai n( Header,i) = 1.0;

if (!CheckTinmer()) return(NO; /* This routine is used to
*/
/* check if the board is installed
*/
/* setup timng function
*/
if (Header->rate != 0)
di sabl e(); /* only performtimng if rate is */
/* nonzero */
| Set upTi mer ( Header - >r at e) ; /* setup 8253 tinmer */
A dVector = getvect (I RQunber); /[/* set interrupt vector */
setvect (| RQunber, Itimer);
/* unmask interrupt mask */
A dvask = inportb(0x21);
mask = A dvask & ~(1 << IRQine) & OxFF
out port b(0x21, mask) ;
enabl e();
TI MED=YES;
} else { /* rate is zero => don't use tinng
*/
TI MED=NG,
}
OPEN=YES;

return(YES);
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[ 7= Topen() */ |

Figure C.12(b) End of routineto open internal card for analog I/O.

char 1get (DATATYPE *dat a)

int nsb, Isb, i;

if (!'OPEN) {
DEVI CE_NOT_OPEN() ;
return(NO ;

i}f (AD_TIME_QUT || I'TIMED) ({

for (i=0;i<NUM CHANNELS;i ++) {
/* read all channels requested */
/* for nowthe gainis tied to 1 */
out port b( PORTB, 0x00 | i ); /* sel ect channel */
out port b(S0C12, 0) ; /* start a conversion */
while (!(inportb(PORTA) & 0x80));
/* wait for conversion to end */
/* after EOC then read MSB and LSB */
msb = inportb(AD MSB)*16; /* read in data from RTD card */
lsb = inportb(AD LSB)/16;/* the card should be in +/- node */
i

data[i] = nmsb + Isb - 2048;
AD TI ME_OQUT = FALSE; /[* Clear AD TIME QUT flag */
return(YES);
} else {
return(NO ;
}
} /* lget */

Figure C.13 Routine to get analog input data from internal card.

C.4.2 Including the new interfacein UW DigiScope

The file DACPAC. LI B contains all of the UW DigiScope data acquisition routines.
To replace the current interface for internal 1/0O card, you need only replace the
| DAC. OBJ module in DACPAC. LI B. To replace the external device and virtual de-
vice, replace the EDAC. OBJ and FAD. 0BJ modules respectively. You should
include all of the functions that are listed as included with those modules in
Appendix B. Failure to include all the functions will at the least cause a compiler
error and at worst a run-time error. If you do not wish to use a function, you may
simply insert a dummy function in its place. For additional details, see the READVE
file on the UW DigiScope disk.
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