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CHAPTER 1 QUICK REFERENCE

Files by Function

Functionality page Filename Description
Configuration
2-2 acfg.c Configure asimple axis
2-19 ampenabl.c Configure amp enable outputs
2-216 template.c A simple motion control program template
Actual Velocity
Calculation
2-6 actvellc Read, calculate & print actual velocity over a 100 millisecond period
2-8 actvel2.c Read, calculate & print actual velocity over a 3 millisecond period
Coordinated Motion
2-33 ccoord.c Perform simple circular coordinated moves
2-100 Icoord.c Perform simple linear coordinated moves
Counter/Timer
2-35 cntdown.c Operate 8254 counter/timer in countdown mode
A/D Converter
2-10 adread.c Read the A/D converter
2-24 axisad.c Configure DSP to read A/D converter(1 channel per axis)
Data Acquisition
2-159 scancap.c Use velocity profile scan to capture positions
2-153 scanadp.c Trapezoidal profile motion -capture analog val ues at specific positions
2-156 scanadt.c Trapezoidal profile motion -capture analog values at specific times
2-148 rtraj.c Read real-time trajectory info from DSP
Debugging Routines
2-208 state.c Display axis state, status, and source info
Electronic Camming
2-37 coail.c Coil-winding application for 2 axes
Electronic Gearing
2-105 linksync.c Electronic gearing with synchronization, using 1/0 sensors
2-108 lsint.c Link synchronization using 1/0 sensorsin an interrupt routine
2-200 dlavec Command motion with linked axes
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Functionality page

End Point Correction
2-26
2-29
Exception Handling &
Recovery
2-15
2-17
2-45
2-48
2-53
2-102
Feed Speed Override
2-57
2-61
Feedback Device
Switching
2-21
Frame Sequences
2-140
Homing Routines
2-64
2-66
2-68
2-70
2-72
2-74
2-76

Host Motion Profile
Trajectory Generation

2-129
2-134

1/0 Configurations
2-41
2-125
Interrupt Handling
2-13
2-43
2-79
2-82
2-117
Jogging
2-89
2-91
2-94
Motion Settling
2-172

Filename

blend.c
blendpt.c

allabort.c
alevent.c
eventio.c
eventrec.c
fbf.c
limit.c

fs.c
holdit.c

anazenc3.c

gmvs4.c

homel.c
home2.c
home3.c
home4.c
homeb.c
home6.c
home7.c

pvtd.c
pvub.c

disded.c
p3cfg.c

aimint.c
eventint.c
inthnd.c
intsimpl.c
minthnd.c

jog.c
joglatl.c
joglat2.c

settle3.c

Description

Adjust an axis' profile with a phantom axis
Adjust an axis profile with a position trigger (on a phantom axis)

Generate ABORT_EVENTs using amp_enable bits
Configure DSP to generate exception events on all axes
Toggle output bit when Stop/E-Stop/Abort event occurs
Recover from simple exception event

Perform feedback fault checking

Recover from simple limit switch event

Simple feed speed control
Pause & resume motion on a path

Switch between analog & encoder feedback
Download multiple frame sequences & selectively execute them

Homing: simple, using home input

Homing: two-stage, using home input

Homing: using combined home & index logic

Homing: using home & index inputs

Homing: using a mechanical hard stop

Homing: using the encoders’ index pulse

Homing: find midpoint between positive & negative limits

Generate a multi-axis coordinated motion profile using frames

Use alooping frame sequence to update positions & velocities every
n samples

Disable DSP from reading/writing to dedicated output bits
Reconfigure Dedicated 1/0 (axes 4 - 7) as User |/O

Axismotion & DSP I/O monitoring with interrupt handling
Generate interrupts to CPU using exception events
Single-board interrupt support

Single-board interrupt support under DOS

Multi-board interrupt support

Usethejog_axes(...) function

Jog, latch positions, generate stop events, clear status on 3 axes

Jog, latch positions, generate stop events, back off arelative distance
Determine when actual motion has settled
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Functionality page
Performance
Benchmarking
2-203
PID Filter
2-127
Position Latching
2-85
2-98
2-211

Redundant Feedback
2-145
SERCOS
2-123
2-150
2-162
2-164
2-170
2-175
2-177
2-182
2-184
2-186
2-188
2-191
2-194
2-197
2-202
Synchronized Motion
2-114
Windows NT
2-51
2-55
2-59
2-87
2-120
2-166

tion Engineering, Inc.

Filename

speed.c

pidchngl.c

iolatch.c
keylatch.c
stoplat.c

redfed.c

oscdatal.c
sattr.c
scrstat.c
sdiag.c
sercpl2.c
shomel.c
sidn.c
sidnl.c
sidnl.c
sidns.c
sinitl.c
sinit2.c
sinit3.c
sinit4.c
snfind.c

masync.c

ext_int.c
fr_int.c
getdata.c
iomon_in.c
mtask.c
sem.c

Description

Determine function execution time (how long)
Change PID filter parameters when error limit is exceeded

Latch the actual positions of all axes using User 1/0 bit 22
Latch the actual positions of all axes using keyboard input

Move, latch positions, generate stop events, back off arelative
distance

Perform redundant feedback checking

Oscilloscope data acquisition with an Indramat drive
Read IDN attributes

Read ring status

Read drive diagnostics & reset/enable drive

Use position latching with adrive

Perform a homing routine

Decode an IDN’s value based on its attributes

Read IDN value/string

Read an “IDN-List” from an IDN in a specific drive
Read/write/copy agroup of IDNs

Initialize ring with Indramat drive

Initialize ring with Indramat drive, Phase 2 & 3 IDNs
Initialize ring with Indramat drive, user-specified cyclic data
Initialize loop with Lutze ComCon, 16-bit 1/O modules
Find node addresses

Multi-axis synchronized motion

Initialization -external interrupts
Initialization -frame interrupts

Read a data buffer with the device driver
Initialization for 1/O-generated interrupts
Multi-tasking

Multi-tasking & interrupts

uoipunS Agsa|i

1-3



QUICK REFERENCE

Filesby Name

Filesby Name

Table 2-1 List of Code Files

Filename Description of Sample Code Page
acfg.c Configure asimple axis 2-2
actvell.c Read, calculate & print actual velocity over a 100 millisecond period  2-6
actvel2.c Read, calculate & print actual velocity over a 3 millisecond period 2-8
adread.c Read the A/D converter 2-10
aimint.c Axismotion & DSP I/O monitoring with interrupt handling 2-13
allabort.c Generate ABORT_EVENTs using amp_enable bits 2-15
alevent.c Configure DSP to generate exception events on all axes 2-17
ampenabl.c Configure amp enable outputs 2-19
ana2enc3.c Switch between analog & encoder feedback 2-21
axisad.c Configure DSP to read A/D converter (1 channel per axis) 2-24
blend.c Adjust an axis' profile with a phantom axis 2-26
blendpt.c Adjust an axis profile with a position trigger (on a phantom axis) 2-29
ccoord.c Perform simple circular coordinated moves 2-33
cntdown.c Operate 8254 counter/timer in countdown mode 2-35
coil.c Coil-winding application for 2 axes 2-37
disded.c Disable the DSP from reading/writing to the dedicated output bits 2-41
eventint.c Generate interrupts to CPU using exception events 2-43
eventio.c Toggle output bit when a Stop/E-Stop/Abort event occurs 2-45
eventrec.c Recover from simple exception event 2-48
ext_int.c Initialization -external interrupts under WinNT 2-51
fbf.c Perform feedback fault checking 2-53
fr_int.c Initialization -frame interrupts under WinNT 2-55
fs.c Simple feed speed control 2-57
getdata.c Read a data buffer with the device driver under WinNT 2-59
holdit.c Pause & resume motion on a path 2-61
homel.c Homing: simple, using home input 2-64
home2.c Homing: two-stage, using home input 2-66
home3.c Homing: using combined home & index logic 2-68
homed.c Homing: using home & index inputs 2-70
home5.c Homing: using a mechanical hard stop 2-72
home6.c Homing: using the encoders’ index pulse 2-74
home7.c Homing: find midpoint between positive & negative limits 2-76
inthnd.c Single-board interrupt support 2-79
intsimpl.c Single-board interrupt support under DOS 2-82
iolatch.c Latch the actual positions of all axes using User 1/O hit 22 2-85
iomon_in.c Initialization for 1/0O-generated interrupts under WinNT 2-87
jog.c Usethejog_axes(...) function 2-89
joglatl.c Jog, latch positions, generate stop events, clear status on 3 axes 2-91
joglat2.c Jog, latch positions, generate stop events, back off arelative distance  2-94
keylatch.c Latch the actual positions of all axes using keyboard input 2-98
Icoord.c Perform simple linear coordinated moves 2-100
limit.c Recover from simple limit switch event 2-102
linksync.c Electronic gearing with synchronization, using 1/0 sensors 2-105
Isint.c Link synchronization using 1/0 sensorsin an interrupt routine 2-108
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Filename

masync.c
minthnd.c
mtask.c
oscdatal.c
p3cfg.c
pidchngl.c
pvt4.c
pvus.c

gmvs4.c
redfed.c
rtraj.c
sattr.c
scanadp.c
scanadt.c
scancap.c
scrstat.c
sdiag.c
sem.c
sercpl2.c
settle3.c
shomel.c
sidn.c
sidnl.c
sidnl.c
sidns.c
sinitl.c
sinit2.c
sinit3.c
sinit4.c
dave.c
snfind.c
speed.c
state.c
stoplat.c
template.c

Description of Sample Code

Multi-axis synchronized motion

Multi-board interrupt support

Multi-tasking under WinNT

Oscilloscope data acquisition with a SERCOS Indramat drive
Reconfigure Dedicated 1/0 (axes 4 - 7) asUser 1/0O

Change PID filter parameters when error limit is exceeded
Generate a multi-axis coordinated motion profile using frames

Use alooping frame sequence to update positions & velocitiesevery n
samples

Download multiple frame sequences & selectively execute them
Perform redundant feedback checking

Read real-time trajectory info from DSP

SERCOS: read IDN attributes

Trapezoida profile motion -capture analog values at specific positions
Trapezoida profile motion -capture analog values at specific times
Use velacity profile scan to capture positions

SERCOS: read ring status

SERCOS: read drive diagnostics & reset/enable drive

Multi-tasking & interrupts under WinNT

SERCOS: use position latching with adrive

Determine when actual motion has settled

SERCOS: perform a homing routine

SERCOS: decode an IDN’ s value(s) based on its attributes

SERCOS: read IDN value/string

SERCOS: read an “IDN-List” from an IDN in a specific drive
SERCOS: read/write/copy a group of IDNs

SERCOS: initialize ring with Indramat drive

SERCOS: initialize ring with Indramat drive, Phase 2, 3 IDNs
SERCOS: initialize ring with Indramat drive, user-specified cyclic data
SERCOS: initialize loop with Lutze ComCon, 16-bit 1/O modules
Command motion with linked axes

SERCOS: find node addresses

Determine function execution time (how long)

Display axis state, status, and sourceinfo

Move, latch positions, generate stop events, back off arelative distance
A simple motion control program template

Page
2-114
2-117
2-120
2-123
2-125
2-127
2-129
2-134

2-140
2-145
2-148
2-150
2-153
2-156
2-159
2-162
2-164
2-166
2-170
2-172
2-175
2-177
2-182
2-184
2-186
2-188
2-191
2-194
2-197
2-200
2-202
2-203
2-208
2-211
2-216
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Additional Notes

Coordinated Motion

Additional Notes

Coordinated Motion
For applications that require coordinated motion between 2 or more axes that start and stop in
the same position at the same time, MEI motion controllers can create a smooth path of motion.

Electronic Camming
Electronic camming links a slave axis to a master axis to simulate the motion of amechanical
cam. With electronic camming, complex, multi-turn profiles can be created, often that are not
feasible with mechanical systems.

Electronic Gearing
To simulate the motion of mechanical gears and linkages electronically, MEI controllers can
easily slave the position of one (or more) axes to another. Once linked, changesin either the
command or actual position of the master axis are reflected in the position of the slave axis.
Gearing or link ratios can be changed on-the-fly and any axis may act asamaster or slave. One
master axis can have multiple slave axes. Each controller can have multiple master axes.

End Point Correction
To specifically change the endpoint in DSP and DSPpro Series controllers, the motion profile
of areal axisis smoothly blended with a phantom axis. The new trajectory is controlled by de-
termining the amount of blending and calculating atrigger position for executing the phantom
axis' motion profile. The DSP handles the blending without host CPU intervention.

Feed Speed Override
The feed speed override function can be used to decrease or increase speed along a path from
0% to 200%. Feed speed can be controlled from the keyboard, an analog input, or an encoder
input. Use the feed speed function to pause and then resume motion (without leaving the com-
manded path) while motion isin progress.

Jogging
MEI controllersallow astage or other deviceto be manipulated using anal og datainput directly
from an external device (joystick, trackball, tensioner, etc.). Using datafrom an on-board A/D
converter, the DSP converts the analog signal to a velocity command through a configurable
linear and cubic term. The DSP cal culates the command vel ocity to accomplish analog jogging
without host intervention.

For trackballs and other devices that provide quadrature encoder signalsinstead of analog out-
put, MEI controllers can also perform encoder-based jogging. Like analog jogging, encoder
jogging offers configurable linear and cubic term for precise control.

Synchronized Motion
Point-to-point motion for asimultaneous or synchronized start can be programmed for multiple
axesusing trapezoidal, parabolic, or S-curve motion profiles. MEI controllers can execute mul-
tiple point-to-point moves on-board without host involvement. Multiple axes can be synchro-
nized to each other, to aspecific point in time, on an 1/0 point, or using a combination of these
elements.

=
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CHAPTER 2 CODE EXAMPLES

On thefollowing pages, the contents of the sample application filesare printed for your
convenience. Thefiles are listed in alphabetical order.

Quick reference tables with cross-referenced page numbers are in Chapter 1.
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CODE EXAMPLES

acfg.c

Configure a simple axis

2-2

acfg.c
Configure asimple axis

/* ACFG C

:sinmple axis configuration

Configuration Files

Thi s sanpl e denonstrates how to configure the axes for open-|oop stepper or closed-|1oop servo

(default) operation

The follow ng switches can be set fromthe command |ine

n - where "n" is the number of axes to configure
snt - surface nopunt constructed board
boot - save changes to boot nenory

ol step - open | oop stepper
clserv - closed | oop servo

fast - hi ghest step pul se out put range
medi um - mddl e step pul se output range
sl ow - | owest step pul se output range

Note: The configuration for open/closed | oop operation nmust occur in axis

pairs (0 and 1, 2 and 3, etc.).

Warning! This is a sanple programto assist
DSP- Series controller with your application
of the logic and safety features that your application requires.

Witten for Version 2.5
*/

/* Revision Control System |Information

$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i ncl ude <stdio. h>
i nclude <stdlib.h>
i ncl ude <string. h>
i ncl ude "pcdsp. h"

H* HH

struct

{ intl6 axes;
int16 surface_nount;
int16 boot;

} board

struct

{ intl6 step_notor;
nt 16 cl osed_| oop
nt16 step_speed
nt 16 uni pol ar;

nt 16 feedback;
nt16 i _node;
nt16 * coeffs;

} axis;

/*

nunber of axes to configure */
surface nmount or through hole controller */
update DSP's boot nenmory or dynamic menory */

servo or st

cl osed | oop or open loop (in pairs of axes) */
fast, nmedium slow, or

uni pol ar or

epper */

encoder, anal og, parallel

integration always or only when standing */

PID filter

paraneters */

in the integration of the
It may not contain all

di sabl ed */
bi - pol ar vol tage out put */

*/

§||
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CODE EXAMPLES

intl6
cl serv_coeffs[] {1024, 32, 4096, 0, 0, 32767, 0, 32767, -5, 0},
ol step_coef fs[] {200, 20, 0, 20, 2760, 32767, 0, 32767, -3, 0},
ol step_sm _coeffs[] = {320, 32, 0, 32, 3750, 32767, 0, 32767, -1, 0};

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
break ;

defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1l);
br eak;
}
}

voi d config_axes(intl1l6 n_axes, intl6 * axes)
intl6 i;

for (i = 0; i < n_axes; i++)

{
dsp_set _stepper(axes[i], axis.step_notor);
dsp_set_cl osed_| oop(axes[i], axis.closed_|oop);

if (axis.step_motor && (!axis.closed_| oop)) /* open-|oop stepper */
{
axi s. uni pol ar = TRUE;
i f (board. surface_nount)
{ axis.coeffs = ol step_snt_coeffs;
axis.coeffs[DF_SH FT] = ((axis.step_speed * 2) - 7);
}

el se
{ axis.coeffs = ol step_coeffs;
axis.coeffs[DF_SH FT] = ((axis.step_speed * 2) - 9);
}
}

el se /* cl osed-1 oop servo */
{

axi s.step_speed = DI SABLE_STEP_OUTPUT;

axi s. uni pol ar = FALSE;

axi s.coeffs = clserv_coeffs;

}

dsp_set_step_speed(axes[i], axis.step_speed);
set _uni pol ar (axes[i], axis.unipolar);

set _feedback(axes[i], FB_ENCODER);

set _integration(axes[i], axis.i_node);

set _filter(axes[i], axis.coeffs);

—
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CODE EXAMPLES

acfg.c

2-4

voi d config_boot_axes(int16 n_axes, intl1l6 * axes)
intl6 i;
for (i = 0; i < n_axes; i++)
{
dsp_set _boot _stepper(axes[i], axis.step_notor);
dsp_set _boot _cl osed_| oop(axes[i], axis.closed_|oop);
dsp_set _boot _step_speed(axes[i], axis.step_speed);
set _boot _uni pol ar (axes[i], axis.unipolar);
set _boot _f eedback(axes[i], FB_ENCODER);
set _boot _integration(axes[i], axis.i_node);
set_boot _filter(axes[i], axis.coeffs);
mei _checksun();
}
}
void initialize(void)
int1l6 error_code;
error_code = do_dsp(); /* initialize comrunication with the controller */
error(error_code); /* any problens initializing? */
board. axes = dsp_axes();
/* Default axis configuration */
board. surface_nount = FALSE;
boar d. boot = FALSE;
axi s.step_notor = FALSE;
axi s.cl osed_| oop = TRUE;
axi s. step_speed = SLOW STEP_QUTPUT;
axi s. uni pol ar = FALSE;
axi s. feedback = FB_ENCODER;
2 axi s.i_nmode = | M_STANDI NG
?é axi s.coeffs = clserv_coeffs;
o }
=3 ) )
= voi d argunments(intl6 argc, char * argv[])
D ) )
I intl6 i;
1) char * s;
S
= . . .
o for (i =1, i < argc; i++)
'uE { s =argv[i];
@) if (atoi(s))
@) { board.axes = atoi(s);
conti nue;
}
if (!Istrcnpi(s, "sm"))
{ board. surface_nount = TRUE;
conti nue;
}
if (!'strcnpi(s, "boot"))
{ board. boot = TRUE;
conti nue;
}
if (!strcnpi(s, "olstep"))
{ axi s.step_notor = TRUE;
axi s.cl osed_| oop = FALSE;
continue;
if (!strcnpi(s, "clserv"))
{ axi s.step_notor = FALSE;
axi s.closed_| oop = TRUE;
conti nue;
}
if (!strcnpi(s, "fast"))
{ axi s. step_speed = FAST_STEP_QUTPUT;
conti nue;
7

s

tion Engineering, Inc.



CODE EXAMPLES

}

if (!'strcnpi(s, "medium'))

{ axi s.step_speed = MEDI UM _STEP_OUTPUT;
conti nue;
}

if (!'strcnpi(s, "slow'))

{ axi s.step_speed = SLOW STEP_QUTPUT;
conti nue;
}

if (!strcnpi(s, "/?"))

{ printf("\nCommand line switches: [snt] [boot] ");
)

printf("[ol step (fast|mediunfslow] [clserv]\n"

exit(0);
}
}
}
int16 main(intl6 argc, char * argv[])
{
int16 axes[] = {0, 1, 2, 3, 4, 5, 6, 7};
initialize();
argunents(argc, argv);
confi g_axes(board. axes, axes);
i f (board. boot)
confi g_boot _axes(board. axes, axes);
printf("\n% axes are configured.", board.axes);
return O;
}
==~
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CODE EXAMPLES

actvell.c

Read, calculate & print actual velocity over 100 msecs

actvell.c
Read, calculate & print actual velocity over 100 msecs

Actual Velocity
Calculation

/* ACTVEL1. C
:Read, calculate and print actual velocity over a 100 millisecond period

A sinmple nmove is commanded and the actual velocity (counts/sec) is printed to the screen. The
velocity is calculated using get_position() twice and dividing by the tine interval using
dsp_read_dn().

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude <dos. h>

i ncl ude "pcdsp. h"

HH o HH*

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
br eak

defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code)
exit(1l);
br eak;

—
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doubl e actual _velocity(intl6 axis)

{
doubl e positionl, position2, vel;
intl6e transfer_tinmel, transfer_tine2;
get _position(axis, &positionl);
transfer_tinmel = dsp_read_dn{0x011E); /* read data transfer sanmple tinme */
del ay(100);
get _position(axis, &position2);
transfer_time2 = dsp_read_dn{0x011E);
vel = (((position2-positionl)/(transfer_tine2-transfer_tinmel))
* dsp_sanple_rate());
return vel;
}
int16 main()
intl6 error_code;
error_code = do_dsp(); /* initialize comunication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset());
printf("Press a key to exit program\n");
start_nmove(0, 100000.0, 10000.0, 100000.0);
whi | e(!kbhit())
{
printf(" %f \r",actual _velocity(0));
getch();
return O;
}
oo ——
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actvel2.c

Read, calculate & print actual velocity over 3 msecs

2-8

actvel2.c
Read, calculate & print actual velocity over 3 msecs

Actual Velocity Calulation

/* ACTVEL2.C

:Read, calculate and print actual velocity over a 3 nmillisecond period

A sinmple nove is comuanded and the actual velocity (counts/sec) is printed to the screen. The
velocity is cal cul ated using pcdsp_transfer_block(...), which reads the current velocity register
in the DSP's data nenory. The actual velocity is read three tines and averaged

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*
/

/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i ncl ude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude <dos. h>
include "idsp.h"

HHHFHHE

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;

—
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doubl e actual _velocity(intl6 axis)

P_DSP_DM current _v_addr = dspPtr->data_struct + DS_CURRENT_VEL + DS(axis); /* velocity in cts/
sanpl e */

DSP_DM Vel A 1], Vel B[ 1], Vel (1];
doubl e vel;

pcdsp_transfer_bl ock(dspPtr, TRUE, FALSE, current_v_addr, 1, Vel A);

pcdsp_transfer_bl ock(dspPtr, TRUE, FALSE, current_v_addr, 1, Vel B);
pcdsp_transfer_bl ock(dspPtr, TRUE, FALSE, current_v_addr, 1, Vel Q;

vel = (( Vel AAO] + VelB[0O] + VelC[0])/3) * dsp_sanple_rate();

return vel;
}
int16 main()
intl6 error_code;
error_code = do_dsp(); /* initialize comunication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset());
printf("Press any key to exit program\n");
start_nmove(0, 100000.0, 10000.0, 100000.0);
whi | e(!kbhit())
{
printf(" %f\r", actual _velocity(0));
getch();
return O;
}
[ oo ——
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adread.c

Read the A/D converter

2-10

adread.c
Read the A/D converter

A/D Converter

/* ADREAD. C
:Read the Analog to Digital converter.
This sanpl e code denonstrates how to read digital values fromthe A/D (analog to digital) con-

verter. The values are stored into a buffer (host) and later displayed. There are several com
mand |ine switches to configure the A/D, the nunber of reads, and the display:

diff - read a differential channe
bi - read a bipolar channe

dsp - read the ADwith the DSP
debug - di splay the buffer

For exanple, to read a single ended A/D input with the DSP 5000 tines, and redirect the output to
a file:

adread 5000 dsp debug > results.txt
Warni ng! The DSP and host CPU nmust NOT be configured to read the A/D converter at the sane tine.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude <dos. h>

i ncl ude <string. h>
i ncl ude "pcdsp. h"

HoHHHHH

# define MAX_BUFFER_SI ZE 10000
# define AXIS 0
# define AD_CHANNEL 0 /* valid range 0 to 7 */

int16 atod[ MAX_BUFFER Sl ZE] ;
intl6 buffer_size = 0

int16 ad_bi = FALSE; /* bipolar? */

intl6 ad_diff = FALSE; /* differential? */

int16 ad_dsp = FALSE; /* read with the DSP? */
int16 debug = FALSE; /* display the buffer? */

—
-
tion Engineering, Inc.

H |



CODE EXAMPLES

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ; o
o
switch (error_code) é
{
case DSP_OXK: Q
/* No error, so we can ignore it. */ ')
break ;
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1l);
br eak;
}
}
voi d calc_val ues(int1l6 num intl6 * val ue)
{
double i, avg, max, mn, total = 0.0;
for (i =0; i < num i++)
total += value[i];
avg = total / num
max = avg;
mn = avg;
for (i = 0; i < num i++)
{
if (value[i] > max)
{ max = value[i];
i f (debug)
printf("Max: ");
} g
if (value[i] < min) o
{ nin =value[i]; =
i f (debug) D
printf("Mn: "); =
} O
if (debug) ) o
printf("%d\n", valuel[i]); 8
} <
printf("\nDiff: %l Bi: %l DSP: %", ad_diff, ad_bi, ad_dsp); @
printf("\nAvg: 9%.2If Max: 9%.2If Mn: 9%.2lf Range: %.2If", avg, nmax, nmin, max - mn); a’
}
voi d argunments(intl6 argc, char * argv[])
intl6 i;
char * s;
for (i =1, i < argc; i++)
{ s =argv[i];
if (atoi(s))
{ buffer_size = atoi(s);
conti nue;
}
if (!strcnpi(s, "diff"))
{ ad_diff = TRUE;
conti nue;
}
if (!strcrpi(s, "bi"))
{ ad_bi = TRUE;
conti nue;
}
if (!I'strcnpi(s, "dsp"))
Fpp— 2-11
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adread.c

Read the A/D converter

2-12

}

{ ad_dsp = TRUE;
conti nue;
}

if (!'strcnpi(s, "debug"))

{ debug = TRUE;
conti nue;

}

if (!I'strcnpi(s, "?"))

{ printf("\nUsage: [diff] [bi] [dsp] [debug]");
exit(0);

}

if (buffer_size > MAX _BUFFER_SI ZE)
buf fer _si ze = MAX_BUFFER_SI ZE;
if (buffer_size < 1)
buf fer_size = 1;

int16 main(intl6 argc, char * argv[])

intl6 error_code, i, dsp_tine;

argunents(argc, argv);

error_code = do_dsp(); /* initialize comrunication with the controller */
error(error_code); /* any problens initializing? */

printf("\nCollecting %d A/ D val ues\n", buffer_size);
set _axi s_anal og(AXI S, ad_dsp);

if (ad_dsp)
{ set _feedback(AXI'S, FB_ANALOG) ;
set _anal og_channel (AXI'S, AD_CHANNEL, ad_diff, ad_bi);

}
el se
i ni t_anal og(AD_CHANNEL, ad_diff, ad_bi);
for (i =0; i < buffer_size; i++)
{
if (ad_dsp)
read_axi s_anal og(AXI S, &atod[i]);
el se
start _anal og( AD_CHANNEL) ;
del ay(1); /* wait for the A/D conversion (at
if (!ad_dsp)

read_anal og(&atod[i]);
cal c_val ues(buffer_size, atod);

return O;

| east 15 microsec) */

N
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aimint.c
Axis motion & DSP 1/O monitoring with interrupts

Interrupt Handling

/* ALMNT1. C

:Axis notion and DSP I/O nonitoring with interrupt handling

Sanpl e programto denonstrate sinple interrupt handling. Mtion is commanded with start_nove(...)
and the DSP is configured to nonitor the User |/O When the dsp_irg_frane(...) is executed by the
DSP or any of the specified I/O bits change the DSP generates an interrupt to the PC

The interrupt routine and other functions used by this sanple are in the file | NTHND. C

The interrupt handl er updates the variable io_interrupt and axis_interrupt. After the interrupt is
handl ed, then this sanple examnes io_interrupt and axis_interrupt[] to determ ne the cause

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

*/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$

*/

# include <stdio.h>

# include <stdlib. h>

# include <conio. h>

# include <dos. h>

# include "pcdsp. h"

extern intl1l6 dsp_irqg_frame(intl6 axis);

extern void install_dsp_handler(intl6 into);

extern intl1l6 axis_interrupts[ PCOSP_NMAX_AXES];

extern intl6 io_interrupts

extern intl1l6 interrupt_nunber = 5; /* IRQ 5 */

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;

-
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intl6 display(intl6 axis, intl6 port,
o {
= intl16 done = 0, key, value, status;
= doubl e cnd;
g whil e (!done)
@© { get _io(port, &value);
get _command(axi s, &cnd);

/*
/*
/*

if (io_interrupts)
{ set _io(port, expected_value);
clear_io_non();

{ printf("\nlnterrupt--Cnd: 98.0If\n\n",
axis_interrupts[axis] = 0; /*
}
if (kbhit())
{ if (getch() == 0x1B)
done = TRUE;
el se
set_bit(0);
}
}
return O;
}
int16 main()
intl6 error_code, port, mask, expected_val ue,

error_code = do_dsp();
error(error_code);

error(dsp_reset());

init_io(0, 10 OUTPUT);

init_io(2, 10 QUTPUT); /*
i nstal |l _dsp_handl er (i nterrupt_nunber); /*
reset _bit(23); /*

set _io(0, O0x0);

mask = 0Ox1;

port = O;

expect ed_val ue = 0x0;
set _i o_nmon_mask(port,

/*

mask,
printf("\nPress any key to set bit high,

start_move(axi s, 1000.0, 500.0,
dsp_irg_frame(axis);

1000. 0) ;

Axis motion & DSP 1/0 monitoring with interrupts

di spl ay(axi s, expect ed_val ue);

set _bit(23);

port,
/*

return O;

2-14

printf("Axis: % Cmd: 98.0lf Port:% Val:%\r",

io_interrupts = 0; /*
i o_nmon(port, &status);
printf("\nlnterrupt--Port: %l Status:
}
if (axis_interrupts[axis]) /*

expect ed_val ue) ;

int16 expected_val ue)

axis, cmd, port, value);
updated by interrupt routine */
set bit(s) to expected state */
reset the DSP's I/O nonitoring */
reset interrupt counter */

0x%\ n\ n",

port, status);

updated by interrupt routine */
cnd) ;

reset interrupt counter */

axis = 0;

/* initialize communication with the controller */
/* any problens initializing? */

PC interrupt bit is located on port 2 */

use IRQ 5 */

enabl e interrupts */

monitor bit 0, on port 0O */

<esc> to quit");
printf("\nMnitoring = port: % nask: OX%\ n\ n",

port, nmask);

di sable interrupts */

—
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allabort.c
Generate ABORT_EVENTs using amp_enable bits

Exception Handling & Recovery

/* ALLABORT.C

: Generate ABORT_EVENTs based on the anp_enable bits

This sanple creates a sequence of frames on a phantom axis. The sequence of frames generate
ABORT_EVENTs on axes (0-2) when any of the anp_enable's on axes 0-2 are low. This is very usefu
during coordinated notion

The phantom axis is created by downl oadi ng 4axis.abs to a 3 axis board.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

*/
/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$
*/
# include <stdio.h>
# include <stdlib. h>
# include "pcdsp. h"

# define PHANTOM 3

# define AXES 4

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)

{
case DSP_X:
/* No error, so we can ignore it. */
br eak
defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
}
}
voi d disable_hardware_limts(intl6 axis)
{
set _positive_limt(axis, NO _EVENT)
set _negative_limt(axis, NO_EVENT)
set _home(axi s, NO_EVENT)
set _anp_fault(axis, NO_EVENT);
}
==~
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voi d disable_software_limts(intl6 axis)
{

int1l6 action;

doubl e position;

get _positive_sw limt(axis, &position, &action);
set _positive_sw limt(axis, position, NO EVENT);
get _negative_sw limt(axis, &position, &action);
set _negative_sw_ |imt(axis, position, NO EVENT);
get _error_limt(axis, &position, &action);
set_error_limt(axis, position, NO EVENT);

allabort.c

}
int16 main()
intl6 error_code, axis;
error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */
di sabl e_hardware_| i m t s( PHANTOM ; /* prevent unintended events */

di sabl e_software_| i m ts(PHANTOM ;

for (axis = 0; axis < AXES; axis++)

{
set _anp_enabl e_l| evel (axis, TRUE);
while (controller_run(axis))
enabyl e_anplifier(axis);

}

/* The anp enabl e output bits for axes 0, 1 and 2 (bits 0, 2 and 4) are on
user I/O port 8. The value for the anp enabl es mask = 0x1 + 0x4 + 0x10.
When the state parameter is FALSE, the next frame is triggered if any
masked bit is low (0 volts).

*/
dsp_io_trigger_mask(PHANTOM 8, 0x15, FALSE);

dsp_axi s_conmand( PHANTOM 0, ABORT_EVENT);
dsp_axi s_command( PHANTOM 1, ABORT_EVENT);
dsp_axi s_conmand( PHANTOM 2, ABORT_EVENT);

g amp_enable bits

return O;

Generate ABORT_EVENTsusin
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allevent.c
Configure DSP to generate exception events

(on al axes)
Exception Handling & Recovery

/* ALLEVENT. C
:Configure the DSP to generate exception events on all axes.

The Stop, E-Stop, and Abort Events are executed by the DSP based on an axis' limt sw tches, hone
switch, software limts, error limts, etc. Internally, the DSP executes sone special franes to
conpl ete the exception event.

When a Stop Event or E-Stop Event is generated, the DSP executes a Stop or E-Stop frame to decel -
erate the axis. Then the DSP executes the Stopped frane to set the command velocity to zero. An
Abort Event puts the axis in idle node (no PID update) and executes the Stopped frame. See the "C
Programm ng" nmanual for nore informati on about Exception Events.

By nodifying an axis' Stopped exception franme, an exception event can be sent to another axis by
the DSP after a Stop, E-Stop, or Abort Event executes.

This code configures the Stopped frane for each axis to generate an Abort Event on the next
sequential axis. Thus, if an Abort Event is generated on any axis, then Abort Events will be gen-
erated on all axes. Also, if a Stop or E-Stop Event is generated on an axis, then Abort Events
will be generated on all axes (after the original axis decelerates to a stop).

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with

your application. It may not contain all of the logic and safety features that your application
requires
*/
/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$
*/
# include <stdio. h>
# include <stdlib. h>
# include <conio. h>
# include "pcdsp. h"
# include "idsp.h"

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
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}
}

intl16 config_stopped_frane(PFRAME f, intl1l6 address,
{

intl6 update = f->f.trig_update & OxFF;

intle * i = (intl1l6*) &(f->f.position);

allevent.c

if (!(update & FUPD PCSI TION))

f->f. output = OUTPUT_PCSI TI ON ;

i[0] = address;
i[1] = ornask;
i[2] = andnask;

f->f.trig_update | = FUPD_CUTPUT;
pcdsp_write_ef (dspPtr, f);
return DSP_XK ;

}

return DSP_RESOURCE_| N_USE;
}
intl6 set_stopped_frame(intl6 axis, intl6 destaxis,
{

FRAME f;

event | = (I D_AXIS_COWAND << 4);

return dsp_error;

if (pcdsp_read_ef(dspPtr, &, axis, EF_STOPPED))
return dsp_error;

intl16 ormask, intl6 andmask)

/* get trigger/update field */
/* pointer to position field */

/* set output to use position field */

/* update register fromposition field */
/* downl oad the exception frame */

intl6 event)

if (pcdsp_sick(dspPtr, axis) || pcdsp_sick(dspPtr, destaxis))

if (config_stopped_frame(&, dspPtr->pc_event + destaxis, event, event))

return dsp_error;

axes = dsp_axes();

for (axis = 0; axis < axes; axis++)

Configure DSP to generate exception events

2-18

el se
return pcdsp_wite_ef(dspPtr, &f);
}
int16 main()
int1l6 error_code, axis, axes, dest_axis;
error_code = do_dsp(); /* initialize comrunication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

{
dest _axis = (axis + 1) % axes;
set _stopped_frane(axis, dest_axis, ABORT_EVENT);
printf("\n%l %", axis, dest_axis);
}
return O;
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ampenabl.c
Configure amp enable outputs

Configuration files

/* AMPENABL. C
:Denmonstrates how to configure the dedi cated anp enabl e out puts.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System |nformation
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i ncl ude <stdio. h>
include <stdlib. h>
i ncl ude <coni o. h>
i ncl ude "pcdsp. h"

H* HH

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
br eak

defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code)
exit(1l);
br eak;
}
}

int16 get_info(void)
{
char buffer[80];
intl6 generic;

gets(buffer);
sscanf (buffer, "%d", &eneric);
return generic;

—
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CODE EXAMPLES

ampenabl.c

Configure amp enable outputs

2-20

int16 enabl e_axis(intl6 axis)
intl6 | evel ;
printf("\nEnter run tinme anp enable level for axis % (1

level = get_info();
set _anp_enabl e_l evel (axis, level);

printf("\nSet anp enable to disabled state for boot up? (y/n)

if(getch() =="y")
{

set _boot _anp_enabl e_| evel (axis, level);

/1 NOTE: the call to set_boot_anp_enable() is not really needed

= LOW:

si nce

/'l set_boot_anp_enable_level () calls set_boot_anp_enable() with !level.

set _boot _anp_enabl e(axis, !level);
mei _checksun{);

enabl e_anplifier(axis);

return dsp_error;

}
int16 main()
intl6 i, level, bootlevel, state, bootstate,;
int16 error_code;
error_code = do_dsp();
error(error_code); /* any problens initializing? */
for(i = 0; i < dsp_axes(); i++)
i f(enable_axis(i))
printf("\'nCould configure anp enable for axis %.\n",
el se
{
printf("\nAnp enable configured for axis %.\n", i);
get _anp_enabl e_l evel (i, & evel);
printf("Runtine anp enable level is %\n", level ? "H G
get _anp_enabl e(i, &state);
printf("Runtime anp enable state is %\n", state ? "H G
get _boot _anp_enabl e_l evel (i, &bootl evel);
printf("Boot anp enable level is %\n", bootlevel
get _boot _anp_enabl e(i, &bootstate);
printf("Boot anp enable state is %\n", bootstate ? "H GH'
}
return O;
}

"LOW);
"LOW);
"LOW);

"LOW);

axi s);

/* initialize conmunication with the controller */

H |
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anazenc3.c
Switch between analog & encoder feedback

Feedback Device Switching

/* ANA2ENC3. C
:Swi tchi ng between anal og and encoder feedback

Thi s sanpl e code configures the first axis, ENCODER AXI S for encoder feedback and the second axis
ANALOG AXI S for anal og feedback. Based on keyboard input the +/-10 volt anal og out put channels
are switched between the ENCODER _AXI S and t he ANALOG AXI S.

The encoder input is used for position control and the anal og feedback is typically used for force
control. By switching the anal og output channels we are really sw tching feedback devices, each
with their own PID | oop. The notor is controlled by a single analog control voltage output, the
DAC_CHANNEL. The ANALOG AXI'S' anal og out put channel is not used

Note: The default anal og output configuration is axis = dac channel

Since the anal og output for the ANALOG AXISis not used, it does not require the digital to anal og
circuitry. For exanple, a single axis controller can control one notor with one channel of
encoder feedback and one channel of anal og feedback

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude "pcdsp. h"

HHHH

# define AXES 2

# defi ne ENCODER _AXI S 0 /* encoder feedback axis */
# define ANALOG AXI S 1 /* anal og feedback axis */
# defi ne DAC_CHANNEL 0 /* DAC channel to control notor */

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)

{
case DSP_OX:
/* No error, so we can ignore it. */
br eak
==~
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CODE EXAMPLES

defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1l);
br eak;
}
}

voi d di splay_dacs(int16 axes)

anazenc3.c

intl6 axis, val ue;
for (axis = 0; axis < axes; axis++)

get _dac_out put (axi s, &val ue);
printf("Axis% Dac% ", axis, value);

printf("\n");

voi d di splay_positions(intl6 axes)

{
intl6 axis;
doubl e cnd, act;

printf("\r");
for (axis = 0; axis < axes; axis++)
{

get _command(axi s, &cnd);
get _position(axis, &act);
printf("Axis% Cnd%.0lf Act%.0lf ", axis, cnd, act);

}
}

voi d set_control _axis(int16 control _axis, intl6 other_axis)
intl16 dac_a, dac_b;

/* Read the configured dac channel for each axis. */
get _dac_channel (control _axi s, &dac_a);
get _dac_channel (ot her _axi s, &dac_b);

if (dac_a != DAC_CHANNEL) /* switch the dac channel s? */

/* Set the comand position equal to the actual position to prevent the
nmot or from "snappi ng" to position.

*/
controller_run(control _axis);
controller_run(other_axis);

di spl ay_dacs(AXES) ;

/* Switch the dac channel configuration. Be sure to always change the
control axis first. By switching the dac channels we are really
swi tching feedback devices, each with their own PID | oop.

*/
set _dac_channel (control _axi s, dac_b);
set _dac_channel (ot her _axi s, dac_a);

Switch between analog & encoder feedback

2-22 =
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int16 main()

{
intl6 error_code, done, key;
error_code = do_dsp(); /* initialize comunication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

set _feedback( ANALOG AXI S, FB_ANALCG) ;
set _anal og_channel (ANALOG AXI S, 0, FALSE, FALSE);

J'eouazeue

printf("\na=anal og feedback, e=encoder feedback, <esc> to quit.\n");
for (done = 0; !done; )

di spl ay_posi ti ons(AXES) ;
if (kbhit())/* key pressed? */

{ key = getch();
switch (key)

{
case 'e':
printf("\ n\nEncoder feedback control. \n");
set _control _axi s(ENCODER_AXI S, ANALOG AXI S);
br eak;
case 'a':
printf("\n\nAnal og feedback control. \n");
set _control _axi S(ANALOG _AXI S, ENCCODER _AXI S);
br eak;
case Ox1B: /[ * <ESC> */
done = TRUE;
br eak;
}
}
) 0
return O; o
} -0
g
g
Q
-}
)
o
(o]
Qo
Q
@)
o
]
g
8
Q
L
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axisad.c

Configure DSP to read A/D (1 channel per axis)

2-24

axisad.c
Configure DSPto read A/D (1 channel per axis)

A/D Converter

/* AXI SAD. C
:Configure the DSP to read A/D (one channel per axis)

This code configures the DSP to read 1 anal og i nput channel per axis. The anal og i nput channels
are configured for unipolar voltage, single-ended inputs. The A/D value is displayed to the
screen.

Remenber, the CPU and the DSP cannot directly read fromthe A/D converter at the sanme tine

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude "pcdsp. h"

HHHH

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
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J'pesixe

voi d display(intl6 axes)
int1l6 axis, value;
while (!kbhit())
{ for (axis = 0; axis < axes; axis++)
{ read_axi s_anal og(axis, &value);
printf("%dd:%d ", axis, value);
printf("\r");
getch();
}
int16 main()
int1l6 error_code, axis, axes;
error_code = do_dsp(); /* initialize comrunication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* reset the hardware */
axes = dsp_axes();
for (axis = 0; axis < axes; axis++)
{ set _anal og_channel (axis, axis, FALSE, FALSE);
set _axi s_anal og(axis, TRUE); /* enable the DSP to read the A/D */
}
di spl ay(axes);
return 0;
}
0
o
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CODE EXAMPLES

blend.c

Adjust an axis profile with a phantom axis

2-26

blend.c
Adjust an axis' profile with a phantom axis

Endpoint Correction

/* BLEND. C
:Sanmple to adjust an axis' profile with a phantom axi s.

Axis 0 is the conmmand axis, which is linked to Axis 3's command position. Wile axis 0 perforns
a long nove, axis 3 is advanced based on keyboard input. Al that is required fromaxis 3 isits
conmand position. The simulated axis is configured by downl oadi ng 4axis.abs (4 axis firmvare) to
a 3 axis card.

Note: Disable all hardware and software linits for the phantom axis.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i ncl ude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude <dos. h>

i ncl ude "pcdsp. h"

HHHFHHE

define READY
define @O
define MOVE_FWD
define MOVE_BACK

HHHH
WNEFEO

define PHANTOM
define SLAVE

/* simulated axis */

H H#*
o w

intlé state; /* one state variable for all axes. */

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
br eak

defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code)
exit(1l);
br eak;

—
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}
int16 CheckState(void) o
{ =
doubl e act, offset; g
o
get _position(SLAVE, &act); o
get _comrand( PHANTOM &of f set ) ;
printf("Axis: 9.0lf Ofset: 98.0lf\r", act, offset);
switch (state)
{
case GO
start_nmove( SLAVE, 20000.0, 1000.0, 10000.0);
start_nove(SLAVE, 0.0, 1000.0, 10000.0);
state = READY;
br eak;
case MOVE_FWD:
start_r_nove( PHANTOM 500.0, 1000.0, 10000.0);
state = READY;
br eak;
case MOVE_BACK:
start_r_nove( PHANTOM -500.0, 1000.0, 10000.0);
state = READY;
br eak;
case READY:
br eak;
return(0);
}
int16 nai
in mai n() E_
intl6 error_code, axis, done, key; 5%-
error_code = do_dsp(); /* initialize comrunication with the controller */ %
error(error_code); /* any problens initializing? */ §_<,
mei | i nk(PHANTOM SLAVE, 1.0, LI NK_COMVAND); 0
printf("\'ng=go, f=fwd, b=back, esc=quit\n"); o)
(=]
for (done = 0; !done; ) %
{ @
CheckStat e(); s
s
if (kbhit()) /* key pressed? */ 9:’;
key = getch ;
{ y =9 0 el
switch (key) Q
{ =
case 'g': /* Go axis 0 */ %
state = GO
br eak; 8
. (7))
case 'f': /* adjust the SLAVE forward */
state = MOVE_FWD;
br eak;
case 'b': /* adjust the SLAVE backward */
state = MOVE_BACK;
br eak;
case 0x1B:/* <ESC> */
done = TRUE;
br eak;
}
o— 2-27
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CODE EXAMPLES

blend.c

Adjust an axis profile with a phantom axis

2-28

}
}
return O;
}
case 'b':
state = MOVE_BACK;
br eak;
case 0Ox1B:
done = TRUE;
br eak;
}
}
}
return O;
}

/* adjust the SLAVE backward */

/* <ESC> */

H |
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blendpt.c
Adjust an axis profile with a position trigger

(on a phantom axis)
Endpoint Correction

/* BLENDPT. C
:Sanple to adjust an axis' profile with a position trigger on a phantom axis.

During the execution of a notion profile on the real axis, the profile and final position can be
adj usted by using a phantomaxis. The real axis notion profile is blended by positionally Iinking
a real axis to a phantomaxis. Then notion is conmanded on both axes. The DSP handl es the |inking
(bl endi ng)

wi t hout host CPU intervention

Srmooth profile blending is achieved by coordinating the notion profile of the real axis with the
phantomaxis. This is controlled by determ ning the ambunt of blending and calculating a trigger
position for the execution of the phantom axis' notion profile.

The trigger position is calcul ated based on the distance offset:

1) Small increase in distance
2) Large increase in distance
3) Small decrease in distance
4) Medi um decrease in distance
5) Large decrease in distance

This met hod of profile blending works best for small adjustments to the real axis' profile. Since
the sane acceleration and velocity paraneters are used for both the real and phantom axes, the
bl ended velocity will not exceed the original real axis conmand vel ocity.

A phantom axi s can be created by downl oading (n+l1) axis firmvare to an (n) axis board. All that
is required fromthe phantomaxis is its command position. Be sure to disable all hardware and
software limts for the phantom axis.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

*/
/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$
*/
# include <stdio. h>
# include <stdlib.h>
# include <conio. h>
# include <dos. h>
# include <math. h>
# include "idsp.h"
# define FINAL  (30000. 0)
# define VEL 10000.0
# define ACCEL 10000. 0
=="
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blendpt.c

Adjust an axis profile with a position trigger

2-30

# define OFFSET (8000. 0)
# defi ne PHANTOM 2
# define REAL 0

struct
{ double start;
doubl e final;
doubl e vel;
doubl e accel ;
} parans[ PCDSP_MAX_AXES] ;

void error(intl6 error_code)

{
char buff er [ MAX_ERROR LEN| ;

switch (error_code)

{
case DSP_X:

/* No error, so we can ignore it.

break ;

defaul t:

error_msg(error_code, buffer) ;
% (%l).\n",

fprintf(stderr, "ERROR
exit(1l);
br eak;
}
}

voi d disable_hardware_limts(intl6 axis)

{

set_positive_limt(axis, NO_EVENT);
set_negative_limt(axis, NO_EVENT);

set _honme(axi s, NO_EVENT);
set _anp_fault(axis, NO_EVENT);
}

voi d disable_software_limts(intl6 axis)

{
int1l6 action;
doubl e position;
get _positive_sw limt(axis, &position,
set _positive_sw limt(axis, position,
get _negative_sw_ |limt(axis, &position,
set _negative_sw limt(axis, position,
get _error_limt(axis, &position,
set_error_limt(axis, position,

}

voi d display(intl6 axis, intl6 phantom
intl6 i;
doubl e cnda, cndb, vela, velb;
for (i =0; i < n_values; i++)
{

get _command(axi s, &cnda);

get _command( phant om &cndb);

get _velocity(axis, &vela);

get _vel ocity(phantom &velb);
printf("\nC.98.0lf V:98.0lf C 98.0If Vel

/* simulated axis */

buffer,

&action);
NO_EVENT) ;
&action);
NO_EVENT) ;

intl16 n_val ues)

198. 01",

error_code)

cnda, vel a,

crdb,

vel b);

H |
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int16 adjust_profile(intl6 axis, intl6 phantom double offset)
{

§||

int1l6 ndir, odir, sense;
doubl e dist, decel _dist, decel _time, trigger;

if (params[axis].final > paranms[axis].start) /* travel direction */
{ mdir = 1;
sense = POSI Tl VE_SENSE;
}
el se

{ mdir = -1;
sense = NEGATI VE_SENSE;

}

if (offset > 0.0) /* find the offset direction */
odir = 1;

el se
odir = -1;

decel _tinme parans[ axi s].vel / parans[axis].accel;

decel _di st parans[ axi s].accel * decel _tine * decel _tine * .5;
dist = ndir * (paranms[axis].final - paranms[axis].start);
if (mdir == odir) /* Increase the nove di stance */
{
if ((odir * offset) >= (2.0 * decel _dist))
trigger = parans[axis].final - (nmdir * decel _dist);
el se
trigger = paranms[axis].final - (offset / 2.0);
}
if (mdir !'= odir) /* Decrease the nove distance */
{
if ((odir * offset) >= (dist - decel _dist))
trigger = parans[axis].final - (ndir * dist) + (ndir * decel _dist);
if ((odir * offset) < (dist - decel _dist))
trigger = parans[axis].final - (ndir * decel _dist) + offset;
if ((odir * offset) < (2.0 * decel _dist))
{
trigger = paranms[axis].final - (ndir * parans[axis].vel *
(sqrt(fabs(offset) / parans[axis].accel))) -
(mdir * decel _dist);
}
}

printf("\nDist:9.0lf Ofset:98.0lf\n", dist, offset);

printf("Decel Dist: %f Trig:%f\n", decel _dist, trigger);
dsp_position_trigger(phantom axis, trigger, sense, FALSE, NEW FRAME);
start_r_nove(phantom offset, parans[axis].vel, parans[axis].accel);

return O;

tion Engineering, Inc.
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blendpt.c

Adjust an axis profile with a position trigger

2-32

int16 main()

intl6 error_code, axis, done, key;

error_code = do_dsp();

/* initialize conmunication with the controller

error(error_code); /* any problens initializing? */

error(dsp_reset());

di sabl e_hardware_I i m t s( PHANTOM ;
di sabl e_software_| i m ts( PHANTOM ;
control |l er_run(PHANTOV) ;

mei _|ink(PHANTOM REAL, 1.0, LINK_COMVAND);

parans[ REAL] . start = 0.0;
parans[ REAL] . final = FI NAL,;
par ans[ REAL] . vel = VEL;
par ans[ REAL] . accel = ACCEL;

start_nove( REAL, parans[ REAL].final, paranms[REAL].vel,

di spl ay( REAL, PHANTOM 50);
adj ust _profil e(REAL, PHANTOM OFFSET);

while (!motion_done(REAL) || !notion_done( PHANTOW) )

di spl ay( REAL, PHANTOM 5);

return O;

par ans[ REAL] . accel );

*/

N
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ccoord.c
Perform simple circular coordinated moves

Coordinated Motion

/* CCOORD. C
:Some sinple circular coordinated noves

This code initializes the mapped axes, the vector velocity, and the vector acceleration. Then a
single circular coordinated nove is perforned followed by a fewinterpolated circul ar coordinated
not i on.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System |nformation
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude "pcdsp. h"

HHHH

# define MAX_AXES 2
void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
}
}

int16 display(void)
doubl e x, v;
while (!kbhit())
{ get _command(0, &x);

get _command(1, &y);
printf("X 9%d2.41f Y: %2.41f\r", X, y);

—
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ccoord.c

Perform simple circular coordinated moves

2-34

getch();

return O;

}
int16 main()
intl6 error_code, axes[ MAX_AXES]

error_code = do_dsp();
error(error_code);

error(dsp_reset());

error (map_axes( MAX_AXES, axes));
set _nove_speed(200.0);

set _nove_accel (8000.0);

set _arc_divi sion(10.0);

arc_2(0.0, 100.0, 90.0);
di splay();

= {0, 1};

/* initialize conmunication with the controller */

/*

/*

any problens initializing? */
reset the hardware */

initialize the coordinated axes */
set the vector velocity */

set the vector acceleration */

arc segnment every 10 degrees */

perform a single coordi nated nmove */

/* Performan interpolated notion through several points */

start_point_list();
arc_2(100.0, 0.0, 45.0);
arc_2(200.0, 100.0, -90.0);
end_point_list();
start_notion();
display();

return O;
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cntdown.c
Operate 8254 counter/timer in countdown mode

Counter/Timer

/* CNTDOWN. C
. Denonstrates the 8254 counter/tinmer in countdown node

This code toggles user 1/Obit #0 when 'd' is pressed. The hardware user I/O bit #0 should be
connected to Cock 0 of Channel 0. Gate 0 should be connected with a pull-up resistor (1K) to +5
vol ts.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System |nformation
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude "pcdsp. h"

HHHH

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
}
}

int16 main()

intl16 error_code, key, done
unsi gned16 val ue

error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */

init_io(0, 10 OQUTPUT);
set _io(0, 0);
init_timer(0, 0);

—
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CODE EXAMPLES

cntdown.c

Operate 8254 counter/timer in countdown mode

2-36

set _tinmer(0, 2000);
printf("\ nd=decrenent tiner,
for (done = 0; !done; )

{

get _tinmer(0, &value);

/* load the counter/timer with a start value */

esc=exit\n");

printf("Value: %u\r", value);

if (kbhit())
{ key = getch();

switch (key)

{
case 'd':
set _bit(0);
reset _bit(0);
br eak;
case 0Ox1B:
done = TRUE;
br eak;
}
}
}
return O;

/* key pressed? */

/* decrenent timer */

[* <ESC> */

H |
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CODE EXAMPLES

coil.c
Coil-winding application for 2 axes

Electronic Camming

/* COL.C
:Sanmpl e coil winding application for 2 axes

Axis O is the master and axis 1 is the cam As the nmaster rotates the cam axis noves back and
forth to place the wire evenly (similar to a fishing reel) on the master drum

For this sanple an accel eration and deceleration of the cammed axis is calculated to require
exactly one sanple

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude <dos. h>

i ncl ude "pcdsp. h"

H O HH*

#*

defi ne MASTER 0
defi ne CAM 1

# define CAM DI ST 1000.0

define COUNTS _PER REV 4000. 0
define REVS_PER _LAYER 5.0
defi ne LAYERS 2.0
defi ne MASTER_VEL 12500. 0
define MASTER ACCEL 100000. 0

HHHFEHH

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;

—
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CODE EXAMPLES

coil.c

Coail-winding application for 2 axes

2-38

}
}

int16 di splay(void)
{

intlé mflag = 0, c_flag = O;
doubl e master, cam acam

while (!kbhit())
{ get _command( MASTER, &master);
get _conmmand(CAM &cam ;
get _position(CAM &acanj;
if((master > 40000.0) & (mflag == 0))

printf("\nCam when naster is at 40000: 9%12.2If\n", canm;
mflag = 1;

}
if((master > 1000) & (cam== 0) & (c_flag ==0))

printf("\nCam at zero master at: 9%2.2lf\n", naster);

c_flag = 1;
Lrintf("l\/aster: %2.21f Cam 9%2.21f Cam Actual: 9%2.2If\r", master, cam acan);
;etch();
return O;
}
int16 main()
int16 error_code, i, dir;

double camtinme, camvel, camaccel, sanple_rate, tinme_ratio, nmaster_dist;
doubl e one_master_sanpl e_CAM ti ne;

error_code = do_dsp(); /* initialize comrunication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

sanpl e_rate = (doubl e)dsp_sanple_rate();

/******************************************************************************

Cal cul ate the distance for the notion of master axis. Since the change in
position of the master axis is being substituted for the tine of the cam

axis we are really calculating the tine for the camto wind one |ayer.
*******************************************************************************/

camtime = COUNTS _PER REV * REVS PER LAYER / sanple_rate;

/******************************************************************************

Calculate the tinme factor ratio between the camand the naster axis.

one count of "real" tinme = (1 / sanple_rate) * (1 sanple) = 1 sec
one count of "can' time = (1 / sanple_rate) * (1 cam sanple)

1 camsanple = 1 naster encoder count

one count of "can! time = (1 / sanple_rate) * (1 nmster count)

Taking the ratio between "cant' and "real" tines:

time_ratio = (1 master count) / (1 sanple)
time_ratio = ((1 master count) / (1 sanple)) * ((1 sec) / (1 sec))
time_ratio = (1 master count / sec) / (1 sanple / sec)

tinme_ratio (master velocity) / (sanple_rate)
*******************************************************************************/

tinme_ratio = MASTER _VEL / sanpl e_rate;

/******************************************************************************

Convert the time interval for one sanple on the master axis to the camtine:

—
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CODE EXAMPLES

one_nmaster_sanple_CAM tinme =

one_master_sanpl e_REAL_time * MASTER VEL / sanple_rate
one_master_sanple_CAM tinme = one_naster_sanple_REAL_time * time_ratio
one_naster_sanple_REAL time = 1 / sanple_rate

one_nmaster_sanple_CAM tine = (1 / sanple_rate) * tine_ratio
*******************************************************************************/

21100

one_naster_sanple_ CAMtine = tinme_ratio / sanple_rate;

/*******************************************************************************

Now the velocity can be calculated by vel = dist / tine. For the camvelocity:
camyvel = CAM DI ST / camslew_ tine

In order for the camaxis and the naster axis to reach their respective
endpoints at the same tine, the amount of tine passed in 4 sanples on the
master axis nust be subtracted fromthe camtinme. This is because the
previous calculation for the camtine is the anount of tine allotted for a
nmove on the camaxis. Two of the frames subtracted are for the acceleration
and decel eration of the camaxis. The other two franmes are dwell franes

bet ween the noves.

camslew time = camtine - (4 * one_naster_sanmpl e_CAM ti ne)
camvel = CAMDIST / (camtime - (4 * one_nmster_sanple_CAM tine))

LEEEE R EEEEEEEEEEEEEEEEEEEEEEEEEE SRR RS EEEEEEEEEEEEEEEEEEEEEEEEEE Ry

camvel = CAMDIST / (camtime - (4.0 * one_naster_sanple_CAM tine));

AR EEE R EEEEEEEEEEEEEEEEEEEEEEEREEEEEEEE SRR EEEEEEEEEEEE R

The accel eration can be cal culated by accel = vel / time. |In the case of the
cam axi s:
cam accel = camvel / cam accel _tine

The cam accel _time is the tine passed on the camaxis during on sanple of
the master axis, which is cal cul ated above as one_master_sanple_CAM ti me.

cam accel _time = one_naster_sanple_CAM tine
cam accel = camvel / one_master_sanple_CAMtime
******************************************************************************/

cam accel = camvel / one_master_sanple_CAM ti ne;

printf("READY? (press any key to start)\n");

getch(); /* hit a key to start */
set _cam MASTER, CAM TRUE, CAM ACTUAL); /* enable the camaxis */
dir = 1;

for (i = < LAYERS; i ++)

i
{ start_r_nmove(CAM dir * CAM DI ST, camvel, camaccel);
dir = -dir
}

master _dist = camtinme * LAYERS * sanple_rate;
start _r_nove(MASTER, 2*nmaster_dist, MASTER VEL, MASTER _ACCEL/ 100);
di splay();

1
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return O;
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For canmming applications, time on the camaxis is no longer "real" time. Tine
is instead based on the change in position of the naster axis. Each
position count of the naster axis is translated into a sanple count on the
sl ave axis. For exanple: If the master is noving at a velocity of 10 counts
per second, then in one second of "real" tine, the time passed on the camed
axis is equal to the anpunt of tinme it takes for 10 sanples to execute.

2-39
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CODE EXAMPLES

coil.c

Coail-winding application for 2 axes

2-40

This "canl time can be calculated, but it is nmuch easier to think in terns
of the tine_ratio calculated in the above sanple program Using this
time_ratio, the following chart outlines the basic transformation equations
from"real" tine to "canm tine:

"REAL" Tinme "CAM' Tine

MASTER DI STANCE | MASTER DI STANCE

MASTER _VELCCI TY | MASTER _VELCCI TY

MASTER ACCELERATION | MASTER_ACCELERATI ON
I

MASTER_JERK MASTER_JERK
CAM _DI STANCE CAM_DI STANCE

CAM_ACCELERATI ON CAM ACCELERATION / (tine_ratio * tine_ratio)
CAM_JERK CAM JERK / (time_ratio * time_ratio * time_ratio)

I

CAM_VELOCI TY | CAMVELOCITY / time_ratio
I
I

LR AR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEE SRR EEEEEEEEEEEEEEEEEEE Ry
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CODE EXAMPLES

disded.c
Disable DSP from R/W to dedicated output bits

I/O Configuration

/* Dl SDED. C
:Disable the DSP fromreading/witing to the dedi cated output bits.

Each axis has 2 dedicated output bits (in-position and anplifier enable). The dedicated output
bits for axes 0-3 are located on I/O port 8 and the dedi cated output bits for axes 4-7 are | ocated
on I/0O port 5.

Normal |y, the DSP reads each dedi cated output port (once per axis), masks the 8 bits, and wites
to each dedi cated output port. Wen disabling the dedicated output bits, be sure to disable the
axes in groups of four (0-3 and/or 4-7).

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i ncl ude <stdio. h>
i nclude <stdlib. h>
i ncl ude "pcdsp. h"
include "idsp.h"

HHHH

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;

—
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CODE EXAMPLES

int16 main()
intl6 error_code, axis, axes, ded_addr;

error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */

disded.c

axes = dsp_axes();

for (axis = 0; axis < axes; axis++)
ded_addr = dspPtr->e_data + ED STATUS_PORT + DS(axis);
dsp_write_dn{ded_addr, 0x0);

return O;

Disable DSP from R/W to dedicated output bits

2-42 =
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CODE EXAMPLES

eventint.c
Generate interrupts to CPU using exception events

Interrupt Handling

/* EVENTINT. C
:CGenerates interrupts to the CPU based on exception events.

Sanpl e programto denonstrate sinple interrupt handling. This code generates a STOP_EVENT on the
DSP which generates an interrupt to the CPU.

The interrupt routine and other functions used by this sanple are in the file | NTHND. C

The interrupt handl er updates the variable io_interrupt and axis_interrupt. After the interrupt is
handl ed, then this sanple examines io_interrupt and axis_interrupt[] to determ ne the cause

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude <dos. h>

i ncl ude "pcdsp. h"

H O HH*

extern intl1l6 dsp_irq_frame(intl6 axis);

extern void install_dsp_handler(intl6 into);

extern intl1l6 axis_interrupts[ PCOSP_MAX_AXES]

extern intl6 io_interrupts

extern intl1l6 interrupt_nunber = 5; /* TRQ 5 */

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
br eak

defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code)
exit(1l);
br eak;

-
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CODE EXAMPLES

eventint.c

Generate interrupts to CPU using exception events

int16 main()

intl6 error_code;

error_code = do_dsp(); /* initialize communication with the controller

error(error_code); /* any problens initializing? */
error(dsp_reset());

init_io(2, 10 QUTPUT); /* PCinterrupt bit is located on port 2 */
set _io(2, 0x0);

i nstal |l _dsp_handl er (i nterrupt_nunber); /* use IRQ 5 */
interrupt_on_event (0, TRUE);

printf("Int:% Gen:%\n", axis_interrupts[0], io_interrupts);
getch();

set _stop(0);
while (!kbhit())

printf("Int:% Gen:%\r", axis_interrupts[0], io_interrupts);
getch();

return O;

*/

H |
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CODE EXAMPLES

eventio.c
Toggle output bit when Stop/E-Stop/Abort event occurs

Exception Handling & Recovery

/* EVENTIQ C
: Toggl es an output bit when a Stop, E-Stop, or Abort Event occurs.

Thi s program denonstrates how to configure the DSP to toggle an I/O bit when a Stop, E-Stop, or
Abort Event occurs. This is useful when external devices such as |asers or welding torches nust
be di sabl ed during exception events.

The Stop, E-Stop, and Abort Events are executed by the DSP based on an axis' limt sw tches, hone
switch, software limts, error limts, etc. Internally, the DSP executes sone special franes to
conpl ete the exception event.

When a Stop Event or E-Stop Event is generated, the DSP executes a Stop or E-Stop frame to decel -
erate the axis. Then the DSP executes the Stopped frane to set the command velocity to zero. An
Abort Event puts the axis in idle node (no PID update) and executes the Stopped frame. See the "C
Programm ng" nmanual for nore informati on about Exception Events.

The frame offset addresses of the Stop, E-Stop, and Stopped frames are defined
in | DSP. H:
define EF_POS_STOP
define EF_NEG STOP
define EF_POS_E _STOP
define EF_NEG E STOP
define EF_STOPPED

HHHFHH
AWNPEFRO

By nodifying the Stop or E-Stop exception frames, a user /O bit (or bits) can be toggled by the
DSP during the deceleration portion of a Stop or E-Stop.

By nodi fying the Stopped exception frame, a user I/Obit (or bits) can be toggled by the DSP after
a Stop, E-Stop, or Abort Event executes.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires.

Witten for Version 2.5
*/

/* Revision Control System |Information
$Sour ce$

$Revi si on$

$Dat e$

$Log$

*/

# include <stdio.h>
# include <stdlib. h>
# include <conio. h>

# include "pcdsp. h"
# include "idsp.h"

# define AXI S 0
# define PORT 0

# define BIT_NUMBER O /* Bits are nunbered 0 to 47*/
# define VELOCI TY 4000.0

# define ACCEL 40000. 0

=="
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CODE EXAMPLES

void error(intl6 error_code)
(&)
o char buffer[ MAX_ERROR LEN] ;
=
5 switch (error_code)
{
5 case DSP_X:
/* No error, so we can ignore it. */
break ;
defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code) ;
exit(1);
br eak;
}
}
intl6 display(intl6 axis, intl6 io_bit)
{
intlé a_state, bit;
doubl e cnd, act;
printf("\n");
do
{ get _position(axis, &act);
get _command(axi s, &cnd);
a_state = axis_state(axis);
bit = bit_on(io_bit);
printf("Cnd 9%6.0If Act 9%6.0lf State % Bit %\r", cnd, act, a_state, bit);
if (kbhit())
{ getch();
return O;
}
}
while (!notion_done(axis));
return O;
}

voi d recover(intl6 axis, int1l6 io_bit)

di splay(axis, io_bit);
error(controller_run(axis));
reset_bit(io_bit);

}

int16 config_ef_io(PFRAME f, int1l6 port, intl6 ormask, intl1l6 andnask)
int1l6 address,
update = f->f.trig_update & OxFF; /* get trigger/update field */
intle * i = (int16*) &(f->f.position); /* pointer to position field */

if (!(update & FUPD_PGsSI TI ON))
{

Toggle output bit when Stop/E-Stop/Abort event occurs

dsp_port_address(port, &address); /* read the port address */
f->f.output = OUTPUT_PCSI TI ON ; /* set output to use position field */
i[0] = address;

i[1] = ornask;

i[2] = andnask;

f->f.trig_update | = FUPD_QUTPUT; /* update |I/O fromposition field */
pcdsp_write_ef (dspPtr, f); /* downl oad the exception frame */

return DSP_XK ;

}
return DSP_RESOURCE | N USE;

2-46 =
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{
FRAME f
if (pcdsp_read_ef(dspPtr, &, axis, ef))
return dsp_error
if (config_ef_io(&, port, ormask, andnask))
return dsp_error
el se
return pcdsp_wite_ef(dspPtr, &f);
}
int16 main()
int1l6 error_code
error_code = do_dsp(); /* initialize comrunication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */
init_io(PORT, |10 _QUTPUT);
set _i o( PORT, 0x00); /* set all 8 bits |low */
/* Configure the Stop Event frames to set an |I/O bit high */
error(set_ef_io(AXIS, EF_POS_STOP, PORT, 0x1, OxFF))
error(set_ef _io(AXIS, EF_NEG STOP, PORT, 0x1, OxFF))
v_nove(AXl S, VELOCITY, ACCEL);
printf("\n\nPress a key to generate a Stop Event (with a bit toggle)");
di spl ay(AXl'S, Bl T_NUMBER);
set _stop(AXIS)
recover (AXI'S, BI T_NUMBER);
/* Configure the E-Stop Event franmes to set an I/O bit high */
set _ef _io(AXI'S, EF_POS_E_STOP, PORT, O0x1, OxFF)
set_ef _io(AXI'S, EF_NEG E STOP, PORT, 0x1, OxFF)
v_nove(AXI S, VELOCITY, ACCEL);
printf("\n\nPress a key to generate an E-Stop Event (with a bit toggle)");
di spl ay(AXl'S, Bl T_NUMBER);
set _e_stop(AXI S)
recover (AXlI S, BI T_NUMBER);
/* Configure the Stopped frane to set an I/O bit high. The Stopped franme
executes after a Stop, E-Stop, or Abort Event */
set_ef _io(AXI'S, EF_STOPPED, PORT, 0x1, OxFF)
v_nove(AXI S, VELOCITY, ACCEL);
printf("\n\nPress a key to generate an Abort Event (with a bit toggle)");
di spl ay(AXI'S, Bl T_NUMBER);
controller_idl e(AXIS); /* generate an Abort Event */
recover (AXlI S, BI T_NUMBER);
/* Return frames to default configuration */
error(dsp_reset());/* hardware reset */
return O
}
==~

CODE EXAMPLES

int1l6 set_ef_io(intl6 axis, intl6 ef, intl6 port, intl6 ormask, intl6 andmask)

s
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CODE EXAMPLES

eventrec.c

Recover from simple exception event

2-48

eventrec.c
Recover from simple exception event

Exception Handling & Recovery

/* EVENTREC. C
:Sinpl e Exception Event recovery

Thi s sanpl e denpnstrates how to recover froman Exception Event. The Exception Events can be gen-
erated by the DSP (dedicated digital 1/O or software linmts) or directly fromsoftware. The
Events are Stop, Energency Stop, and Abort.

The steps to exception event handling are

1) Determ ne what type of exception event occurred
2) Determine the cause of the exception event.

3) Recover fromthe event based on the cause

In this sinple sanple, the event recovery does not depend upon the cause of the event. 1In a
"real" application the recovery routine may be different depending on the source of the event.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

*/
/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$
*/
# include <stdio.h>
# include <stdlib. h>
# include <conio. h>
# include "pcdsp. h"
# define AXI S 0
# define VEL 1000.0
# define ACCEL 5000. 0

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
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voi d display(intl6 axis)

intl6é pos_|im neg_|lim state;
doubl e cnd;

whil e (!notion_done(axis))

{ get _command(axi s, &cnd);
printf("Crd:98.0lf\r", cnd);
if (kbhit())

{ getch();
exit(1l);

}
printf("\n");
}

int16 check_for_event(intl1l6 axis)
intl6 state,;
state = axis_state(axis);

/* Check if an Exception Event occurred */
switch (state)

{
case STOP_EVENT:
{ printf("\nException Event = Stop");
return state;
}
case E_STOP_EVENT:
{ printf("\nException Event = Enmergency Stop");
return state;
}
case ABORT_EVENT:
{ printf("\nException Event = Abort");
return state;
}
}
return O;

}
int16 recover(intl6 axis, intl6 state)
intl6 recover _dir;

/* For this sanple, the source of the event is reported to the screen and
then the event is cleared:

clear_status(...) - for STOP_EVENT or E_STOP_EVENT
controller_run(...), enable_anplifier(...) - for ABORT_EVENT

In a "real" application the recovery routine nay be different depending
on the source of the event.

*/
switch (axis_source(axis))
{
case | D HOVE_SW TCH:
{ printf("\nSource = Home |nput");
br eak;
}
case |D POS LIMT:
{ printf("\nSource = Positive Limt Input");
br eak;
}
==~
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CODE EXAMPLES

eventrec.c

Recover from simple exception event

2-50

}

case |ID NEG LIMT:

{ printf("\nSource = Negative Limt I|nput");
br eak;

}

case | D_AVP_FAULT:

{ printf("\nSource = Anp Fault |nput");
br eak;

}

case |D X NEG LIMT:

{ printf("\'nSource = Negative Software Linmt Exceeded");
br eak;

}

case ID X POS LIMT:

{ printf("\nSource = Positive Software Linmt Exceeded");
br eak;

}

case |D ERROR LIMT:

{ printf("\nSource = Position Error Limt Exceeded");
br eak;

}

}

/* Make sure the event is conplete before clearing the status. */
whil e (!notion_done(axis))

/* Note: Sinply clearing the exception event (no natter what caused the
event) may not be appropriate for all applications.

*/

if (state == ABORT_EVENT)

{ controller_run(axis);
enabl e_anplifier(axis);

}

if ((state == E_STOP_EVENT) || (state == STOP_EVENT))
error(clear_status(axis));

return O;

int16 main()
intl6 error_code, state;
error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

/* Configure the software limt */
set _positive_sw limt(AX S, 10000.0, STOP_EVENT);

printf("\nMwving to the positive software limt (any key to quit)\n\n");
v_move( AXI'S, VEL, ACCEL);
di splay(AXI S);

state = check_for_event (AXIS);
if (state)
recover (AXI'S, state);

return O;
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ext_int.c
Initialize -external interrupts under WinNT

Windows NT

/* EXT_INT.C
cInitialization for external interrupts under W ndows NT

Thi s sanpl e denpnstrates howto initialize a DSP-Series controller to generate interrupts via User
I/O bit #23 under W ndows NT.

This programis put to "sleep" until an interrupt is sent fromthe DSP-Series controller to the
host CPU.

When using interrupts, be sure to set the appropriate IRQ switch on the DSP-Series controller
Al so, nmake sure the device driver "DSPIO" is configured for the same | RQ

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

#i ncl ude <wi ndows. h>
#i ncl ude <wi nioctl.h>
#i ncl ude <stdio. h>

#i nclude <stdlib. h>
#i ncl ude <coni o. h>

#i nclude "idsp.h"

#i f def MEI _MSVC20 /* support for Mcrosoft Visual C C++ ver 2.0 */

# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f

#i f def MEI _MSVC40 /* support for Mcrosoft Visual C/ C++ ver 4.0 */

# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;
switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak
defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
}
}
==~
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ext_int.c

Initialize -external interrupts under WINNT

2-52

int main()

intl6 error_code;

error_code = do_dsp(); /* initialize communication with the controller
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

init_io(2, 10_INPUT); /* initialize I/O port for inputs */

/* Initialize DSP card for External Source Interrupts */
dsp_i nterrupt_enabl e( TRUE) ;

/* Wait for External Interrupt to occur */
/* for MEI _TOGGLE and MElI _| O MON axis is ignored, use 0.*/
mei _sleep_until _interrupt(dspPtr->dsp_file, 0, MEl _TOGGE);

printf("External Interrupt Cccurred!!!!!l11\n");
printf("Ht any key to exit.\n");

getch();

return O;

*/

H |
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fbf.c
Perform feedback fault checking

Exception Handling & Recovery

/* FBF.C
: Feedback fault checking

Thi s sanpl e denonstrates how to configure the DSP-Series controller to detect feedback fault con-
ditions. Currently, broken wires and illegal states can be detected with differential increnental
encoders

Feedback fault checking requires version 2.4F4 firmvare (or higher) and the follow ng hardware
revi sions (or higher):

Controller Rev

PCX/ DSP
STD/ DSP
104/ DSP
LC/ DSP
V6U/ DSP

W 0 oW

Two registers determne the status of the encoder for each axis:
Addr ess St at us

0x70 Broken Encoder Wre (each bit represents an axis)
0x71 Il egal Encoder State (each bit represents an axis)

Every sanple, the DSP will check these registers if the FB_CHECK (0x400) bit is set in the config
word for a given axis. |If a bit is set in either register (0x70 or 0x71), the DSP will generate
an Abort event corresponding to the axis at fault.

The type of encoder fault can be determ ned by reading the Broken wire and illegal state regis-
ters. These registers can be cleared by witing a 0 to them

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Mtion Library Version 2.5
Witten for Firmware Version 2.4F4
*

/

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>

#i ncl ude <coni o. h>
#i ncl ude "pcdsp. h"
#i nclude "idsp.h"
void error(intl6 error_code)

char buffer[ MAX_ERROR_LEN] ;

switch (error_code)

{
case DSP_OX:
/* No error, so we can ignore it. */
br eak
.
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defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer,
exit(1l);
br eak;

fbf.c

}
}

int main()
intl6 error_code, source, axis, axes;
error_code = do_dsp();
error(dsp_reset()); /* hardware reset
/* Enabl e feedback fault checking. */

for (axis = 0; axis < PCDSP_MAX_AXES; axis++)
set _feedback_check(axis, TRUE);

while (1kbhit())

dsp_read_dnm(FB_| LLEGAL_STATE)) ;
getch();

printf("\'n\nAxi s Source");
for (axis = 0; axis < PCDSP_MAX_AXES; axis++)
{ source = axis_source(axis);

printf("\n %d Ox%2X ", axis, source);
if (source == | D_FEEDBACK_FAULT)
printf(" Fault!");
if (source == | D_FEEDBACK | LLEGAL_STATE)
printf(" |Illegal State!");

for (axis = 0; axis < PCDSP_MAX_AXES; axis++)
{ set _feedback_check(axis, FALSE);
control |l er_run(axis);

return O;

Perform feedback fault checking

2-54

error_code)

printf("\nFeedback fault checking enabled (any key to quit).\n");

printf("Fault: Ox%X Illegal: Ox%X\r", dsp_read_dm FB_FAULT),

/* initialize communication with the controller */
error(error_code); /* any problens initializing? */
*/

H |
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fr_int.c
Initialization -frame interrupts under WinNT

Windows NT

/* FR_INT.C
cInitialization for frame interrupts under W ndows NT

This sanple denonstrates howto initialize a DSP-Series controller to generate frane interrupts
under Wndows NT. Frames can be configured to generate an interrupt to the DSP by setting the
FCTL_I NTERRUPT bit in the frame's control word with dsp_control (...).

This programis put to "sleep" until an interrupt is sent fromthe DSP-Series controller to the
host CPU.

When using interrupts, be sure to set the appropriate IRQ switch on the DSP-Series controller
Al so, nake sure the device driver "DSPIO" is configured for the sane | RQ

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

#i ncl ude <w ndows. h>
#i ncl ude <wi nioctl. h>
#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>
#i ncl ude <conio. h>

#i nclude "idsp.h"

#i f def MEI _MSVC20 /* support for Mcrosoft Visual C/ C++ ver 2.0 */

# include "nmedexp.h" /* prototypes for access to DLL's internal data */
#endi f

#i f def MElI _MSVC4A0 /* support for Mcrosoft Visual C/ C++ ver 4.0 */

# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN ;
switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
br eak
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code)
exit(1l);
br eak;
}
}
==~

s

tion Engineering, Inc.

o' Jul 1)

LNUIAM Jepun sidnieiul awe )- uoiezifeniu|

2-55



CODE EXAMPLES

int main()
@) intl6 error_code;
e
E error_code = do_dsp(); /* initialize communication with the controller */
| error(error_code); /* any problens initializing? */

. error(dsp_reset()); /* hardware reset */

init_io(2, 10 OJTPUT); /* initialize I/O port for outputs */

reset _bit(23); /* set bit 23 LON to enable interrupts */

/* Have the DSP generate an interrupt when an excepti on event occurs */
interrupt_on_event (0, TRUE);

start_nmove(0, 100000.0, 10000.0, 100000.0);

dsp_control (0, FCTL_I NTERRUPT, TRUE); /* enable the frame interrupt bit */

dsp_dwel | (0, 1.0); /* download a dwell frame to generate an interrupt */
dsp_control (0, FCTL_I NTERRUPT, FALSE);

dsp_end_sequence(0); /* end the frane sequence */

start_nmove(0, 0.0, 10000.0, 100000.0);

/* Wait for External Interrupt to occur. To wait for a frame interrupt, use
the define MEI _FRAME, to wait for an exception event, use MEl _EVENT. */

/* for MElI_TOGGELE and MElI _I O MON axis is ignored, use 0.*/

nmei _sleep_until _interrupt(dspPtr->dsp_file, 0, MEl _FRAMVE);

printf("Ht any key to exit.\n");

getch();

return O;

Initialization -frame interrupts under WinNT
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fs.c
Simple feed speed control

Feed Speed Override

/* FS.C

:Sinple feed speed contro

Thi s code conmands the AXISto nove at a constant velocity. The feed speed is adjusted for all of

the axes based on keyboard input.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application

requires

Witten for Version 2.5

*/
/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$
*/
# include <stdio.h>
# include <stdlib. h>
# include <conio. h>
# include "pcdsp. h"
# define AXIS 0

# define READY
# define | NCREASE
# define DECREASE

wN O

# define RATE_CHANGE .1

intlé state;
doubl e feed_rate

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
br eak

defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code)
exit(1l);
br eak;

—
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fs.c

Smple feed speed control

2-58

voi d CheckSt ate(void)

switch (state)

{

case | NCREASE:
if (feed_rate < 2.0)
{ feed_rate += RATE_CHANGE;
dsp_feed_rate(feed_rate);
}

state = READY;
br eak;

case DECREASE:
if (feed_rate >= 0.0)
{ feed_rate -= RATE_CHANGE;
dsp_feed_rate(feed_rate);
}

state = READY;
br eak;

case READY:
br eak;

int16 main()

intl6 error_code,
doubl e cnd,

done,
err;

key;
act,

error_code = do_dsp(); >

error(error_code);

for (done = 0;

{

}

return O;

printf("\'n +:increase,

feed_rate = 1.0;
v_move(AXlI'S, 1000. 0,

- decrease,
I'done; )
get _position(AXI'S, &act);

get _command(AXI S, &cnd);
get _error(AXI'S, &err);

printf("CvD %.0lf ACT 9%.0If ERR 96.0lf FEED %t. 2| f\r",

CheckState();

if (kbhit())/* key pressed? */
{ key = getch();

switch (key)
{
case '+':

state = | NCREASE;
br eak;

case '-':
st ate = DECREASE;
br eak;

case Ox1B:/* <ESC> */

/*

10000.0); /*

initialize comunication with the controller */

any problens initializing? */

accel erate to constant velocity */

esc:quit\n");

cmd,

v_nove(AXI'S, 0.0, 10000.0);

done = TRUE;
br eak;

}

act ,

err,

feed_rate);

—
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getdata.c
Read data buffer with device driver under WinNT

Windows NT

/* GETDATA. C
:Reads a data buffer with the device driver under Wndows NT

Thi s sanpl e denonstrates howto use the internal library function get_data_fromdriver(...) under
Wndows NT. In this sanple, the configuration word, internal offset, honme port offset, home mask,
and hone action for the first 3 axes is read

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

#i ncl ude <w ndows. h>
#i ncl ude <wi nioctl. h>
#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>
#i ncl ude <conio. h>

#i nclude "idsp.h"

#i f def MEI _MSVC20 /* support for Mcrosoft Visual C/ C++ ver 2.0 */

# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f

#i f def MElI _MSVC40 /* support for Mcrosoft Visual C/ Ct+ ver 4.0 */

# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f

#defi ne AXES 3

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;
switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
br eak
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code)
exit(1l);
br eak;
}
}
==~
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getdata.c

Read data buffer with device driver under WinNT

2-60

int main()
intl6 error_code, *data, addr, data_of fset,
data = (intl16*)call oc(AXES, 2*5); /*
error_code = do_dsp();

error(error_code);
error(dsp_reset());/* hardware reset */

addr = dspPtr->e_data | PCDSP_DM /*
data_of fset = ED_SI ZE; /*
datumlen = 5; /*
pi eces_of _data = AXES; /*

datum.| en, pieces_of_data, axis;

al locate a buffer to hold the data */

/* initialize communication with the controller */
/* any problens initializing? */

begi nni ng of config structs */
size of config struct */
reading the first 5 words */
read info for first 3 axes */

get _data_fromdriver(addr, data_offset, datum.len, pieces_of_data, data);

for(axis = 0; axis < AXES; axis++)
{ printf("Axis: %\ n", axis);

printf("Config word: %\ n", datafaxis*5]);
printf("Internal Offset: %\ n", data[axis*5+1]);
printf("Home Port Offset: %\ n", data[axis*5+2]);
printf("Home Mask: %\ n", data[axis*5+3]);
printf("Home Action: %\ n\n", datalaxis*5+4]);

}

return O;

Motion Engineering, Inc.



CODE EXAMPLES

holdit.c
Pause & resume motion on a path

Feed Speed Override

/* HOLDIT.C
:Pause and resume notion on path.

Thi s sanpl e denonstrates how to use the feed speed override to pause and continue notion on path
To pause the notion the feed rate is reduced to zero. To resune notion the feed rate is increased
to 100% To abort the nmotion, Stop Events are generated on the axes.

This sanple is programmed as a state machi ne

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
i ncl ude <coni o. h>
i ncl ude <dos. h>
include <stdlib.h>
i ncl ude "pcdsp. h"

H O HH*

int1l6 state; /* one state variable for all axes */
doubl e rate; /* feed speed override rate */

/* State Values */

# defi ne READY 0

# define HALT 1 /* pause a nmove */

# define GO 2 /* continue a nove */
# define MOVE_FWD 3

# defi ne MOVE_BACK 4

# define NEVER MND 5 /* abort the notion */

# define AXES 2

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)

{

case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)

7 =
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holdit.c

Pause & resume motion on a path

2-62

exit(1);
br eak;
}
}
voi d display(intl6 n_axes, intl6 * nmap)
intl6 i;
doubl e cnd;
for (i =0; i < n_axes; i++)

{ get_command(map[i], &cnd);
printf("%l: 9%0.0lf ", map[i], cnd);

}
printf("\r");

}
voi d CheckState(intl1l6 n_axes, intl6 * map)
intl6 i;
switch (state)
{
case HALT:
rate -= .01,
if(rate <= 0)

{ rate = 0;
state = READY;
}

error(dsp_feed_rate(rate));/* update feed rate */
br eak;

case GO
rate += .01;
if(rate >= 1)
{ rate = 1;
state = READY;

error(dsp_feed rate(rate)); /* update feed rate */
br eak;

case MOVE_FWD:
nove_2(100000. 0, 200000.0);
st at e = READY;
br eak;

case MOVE_BACK:
nmove_2(0.0, 0.0);
state = READY;

br eak;
case NEVER_M ND: /* discontinue the nove */

if(rate == 0.0)

{ for (i =0; i < n_axes; i++)
set _jerk(map[i], 0.0); /* zero the trajectory generator */
set _accel (map[i], 0.0);
set _velocity(map[i], 0.0);
stop_notion(); /* generate Stop Events */
rate = 1.0;
error(dsp_feed_rate(rate)); /* execute the Stop Events */

}
}
el se

stop_notion();
whil e(!all _done())

for ’(i = 0; i < n_axes; i++)
error(clear_status(mp[i]));

H |
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printf("\n");
state = READY;
br eak;
}
}
int16 main()
intl16 error_code, done, key, n_axes, axes[] = {0, 1};
error_code = do_dsp(); /* initialize comunication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */
n_axes = (sizeof(axes) / sizeof (intl16));
map_axes(n_axes, axes);
set _nove_speed(8000. 0);
set _nove_accel (80000. 0);
printf("\nf=fwd, b=back, h=halt, g=go, n=endnove, esc=quit\n");
for (done = 0; !done; )
{
di spl ay(n_axes, axes);
CheckSt at e( n_axes, axes);
if (kbhit()) /* key pressed? */
{ key = getch() ;
switch (key)
{
case 'h': /* Pause the notion */
state = HALT,
br eak;
case 'g': /* Resune the notion */
state = GO
br eak;
case 'f': /* Mve the axes forward */
state = MOVE_FWD;
br eak;
case 'b': /* Move the axes backward */
state = MOVE_BACK;
br eak;
case 'n': /* End the notion */
state = NEVER_M ND;
br eak;
case 0x1B: /* <ESC> */
done = TRUE;
br eak;
}
}
}
return O;
}
[ oo ——
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homel.c

Homing: Smple, using home input

homel.c
Homing: Simple, using home input

Homing Routines

/* HOMEL. C
:Simpl e homi ng routine using the home i nput

Thi s sanpl e denonstrates a basic honming algorithm The home l|ocation is found based on the home
i nput .

Here is the algorithm

1) Velocity nove towards the hone input

2) Stop at the hone sensor (Stop Event generated by DSP)
3) Zero the position

Here is the sensor |ogic
Hone input = active high
I ndex input = not used

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i ncl ude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude "pcdsp. h"

H* HH

define AXI S 0
define FAST_VEL 10000.0
def i ne ACCEL 50000. 0

H* o H*

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;

—
-
tion Engineering, Inc.

H |



CODE EXAMPLES

voi d di splay(intl6 axis)
{

}

int16 main()

§||

int16 honme_l ogic, state;
doubl e cnd;

whil e (!notion_done(axis))
{ get _command(axi s, &cnd);
printf("\rCnd: 9d0.0lf Hone Logic: %", cnmd, home_switch(AXIS));

if (kbhit())
{ getch();
exit(1l);

}
printf("\n");

int1l6 error_code;

error_code = do_dsp(); /* initialize comrunication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

set _home_i ndex_confi g( AXI' S, HOVE_ONLY);

set _honme_l evel (AXI'S, TRUE); /* home input logic active high */
set _home( AXI'S, STOP_EVENT);

set _stop_rate(AXI'S, ACCEL);

/* Clear any events generated during home | ogic configuration */
error(clear_status(AXIS));

printf("\nSearching for hone sensor. (Press any key to quit)\n");
v_move( AXI S, FAST_VEL, ACCEL); /* velocity nove towards home sensor */
di spl ay(AXI S);

set _home( AXI'S, NO_EVENT);

error(clear_status(AXIS));

set _position(AXI'S, 0.0); /* zero command and actual position */
printf("\nAxis is hone.\n");

return O;
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home2.c
Homing: Two-stage homing, using home input

home2.c

Homing Routines

/* HOMVE2. C
: Two stage homing routine using the hone input

This sanpl e denonstrates a basic homing algorithm The home |ocation is found
based on the home input.

Here is the algorithm

1) Fast velocity nove towards the home sensor

2) Stop at the hone sensor (Stop Event generated by DSP)
3) Position nove off the home sensor (opposite direction)
4) Slow velocity nove towards the hone sensor

5) Stop at the hone sensor (Stop Event generated by DSP)
6) Zero the position

Here is the sensor |ogic
Home i nput = active high
I ndex input = not used

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude "pcdsp. h"

HHHH

define AXI S 0
define SLOW VEL 200.0
define FAST_VEL 20000.0
define SLONACCEL 10000.0
define FAST_ACCEL 50000.0

HHHFHHE

void error(intl6 error_code)

Homing: Two-stage homing, using home input

char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
br eak
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}

voi d display(intl6 axis)
{

}

int16 main()

§||

defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1l);
br eak;

}

intl16 honme_l ogic, state;
doubl e cnd;

whil e (!notion_done(axis))
{ get _command(axi s, &cnd);
printf("\rCnd: 9d0.0lf Hone Logic: %", cnmd, honme_switch(AXIS));

if (kbhit())
{ getch();
exit(1l);

}
printf("\n");

int1l6 error_code;
doubl e di stance;

error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */

/* make sure no events are generated during home | ogic configuration */
set _home(AXI'S, NO_EVENT);
error(clear_status(AXIS));

set _stop_rate(AXI'S, SLOW ACCEL);

set _hone_i ndex_confi g(AXI S, HOVE_ONLY) ;
set _home_l evel (AXI'S, TRUE);

set _home(AXI'S, STOP_EVENT);

printf("\nQuickly searching for home sensor. (Press any key to quit)\n");
v_nove(AXI' S, FAST_VEL, SLOW ACCEL); /* velocity nove towards hone sensor */
di splay(AXI S);

set _home(AXI'S, NO_EVENT);
error(clear_status(AXIS));

/* move off by a dist equal to twice the decel distance */
di stance = FAST_VEL * FAST_VEL / SLOW ACCEL;
start_r_nmove(AXI S, -distance, FAST_VEL, FAST_ACCEL);

di spl ay(AXI S);

printf("\nSlowly searching for hone sensor. (Press any key to quit)\n");
set _stop_rate(AXI'S, FAST_ACCEL);

set _home(AXI'S, STOP_EVENT);

v_nove(AXlI' S, SLOW VEL, FAST_ACCEL);

di spl ay(AXI S);

set _position(AXIS, 0.0); /* zero command and actual position */
printf("\nAxis is home.\n");

return O;
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home3.c
Homing: Using combined home & index logic

home3.c

Homing Routines

/* HOME3. C
:Homi ng routine using the conmbined home and index | ogic

Thi s sanpl e denonstrates a basic honming algorithm The home l|ocation is found based on the home
and index input |ogic.

Here is the algorithm
1) Velocity nove towards the hone input anded with the index
2) Decel to stop at home and i ndex
(New Frame Event generated by DSP)
3) Cal cul ate where the hone/index occured
4) Move to the home position
5) Zero hone position

Here is the sensor |ogic:
Home i nput = active high
I ndex input = active high

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with

your application. It may not contain all of the logic and safety features that your application
requires.
Witten for Version 2.5
2 *f
8
- /* Revision Control System Information
aﬁ $Sour ce$
'8 $Revi si on$
— $Dat e$
o
g $Log$
*/
o
— # include <stdio.h>
B # include <stdlib. h>
£ # include <conio. h>
g # include "pcdsp. h"
8 # define AXIS 0
[@)] # define VELOCI TY 500.0
'ocs # define ACCEL 10000. 0
_:)_ void error(intl6 error_code)
o) {
E char buffer[ MAX_ERROR_LEN] ;
j? switch (error_code)
{
case DSP_CK:
/* No error, so we can ignore it. */
break ;
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1l);
br eak;
}
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}

voi d di splay(intl6 axis)
{

}

int16 main()

§||

doubl e cnd;

while (!notion_done(axis))
{ get _command(axi s, &cnd);
printf("\rCnd: 9%940.0lf Hone Logic: %", cnd, hone_switch(AXIS));

if (kbhit())
{ getch();

exit(1):
}

}
printf("\n");

intl6 error_code;

error_code = do_dsp(); /* initialize comunication with the controller */
error(error_code); /* any problens initializing? */

/* make sure no events are generated during home | ogic configuration */
set _home(AXI'S, NO_EVENT);
error(clear_status(AXIS));

set_stop_rate(AXI'S, ACCEL);
set _home_i ndex_confi g(AXI' S, H GH_HOVE_AND_| NDEX) ;
set _home_| evel (AXI S, FALSE);

printf("\nSearching for hone and index. (Press any key to quit)\n");

v_move(AXI S, VELOCITY, ACCEL); /* velocity nove towards home sensor */
/* Configure dsp to generate a new frame when hone input occurs. */
dsp_honme_acti on(AXI' S, NEW FRAME) ;

dsp_dwel | (AXI'S, 10000. 0); /* wait for New franme event */
dsp_honme_action(AXI'S, NO_EVENT);

set _position(AXI'S, 0.0); /* stop when hone event occurs */
v_move(AXI'S, 0.0, ACCEL);

di splay(AXI' S);

/* Calculate the time it takes to decel to a stop */

time = (VELOCI TY/ ACCEL) ;

/* Cal cul ate di stance noved during decel eration. */

decel offset = .5 * ACCEL * tine * tine

/* Calculate the distance attributed to a single dsp sanple for accuracy */
sanpl e of fset = VELOCITY * (1/dsp sanple_rate()) ;

/* Total distance noved during decel */

honme_pos = decel _of fset + sanpl e_offset;

start r nmove(AXl'S, -honme_pos, VELOCITY, ACCEL);/* nove to home position */
di splay(AXI' S);

set position(AXIS, 0.0) ; /* zero command and actual position */
printf("\nAxis is hone.\n");

return O;
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home4.c
Homing: Using home & index inputs

homed.c

Homing Routines

/* HOMVE4. C
:Homi ng routine using the home and index inputs

Thi s sanpl e denonstrates a basic honming algorithm The home l|ocation is found based on the home
and index input |ogic.

Here is the algorithm

1) Velocity nove towards the hone input

2) Stop at the hone sensor (Stop Event generated by DSP)

3) Velocity nove off the home sensor (opposite direction)

4) Zero the position at the index pulse (New Frane Event generated by DSP)
5) Stop the axis

6) Move to the home position

Here is the sensor |ogic
Home i nput = active high
I ndex input = active high

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude "pcdsp. h"

HHHH

define AXI S 0
define FAST_VEL 20000. 0
define SLOW VEL 500.0
defi ne ACCEL 10000. 0

Homing: Using home & index inputs
H R HH

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
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}

voi d di splay(intl6 axis)
{

}

int16 main()

§||

}

intl16 home_| ogic, state;
doubl e cnd;

while (!notion_done(axis))
{ get _command(axi s, &cnd);
printf("\rCnd: 9%940.0lf Hone Logic: %", cnd, hone_switch(AXIS));

if (kbhit())
{ getch();

exit(1):
}

}
printf("\n");

intl6 error_code;

error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */

/* make sure no events are generated during home | ogic configuration */
set _home(AXI'S, NO_EVENT);
error(clear_status(AXIS));

set_stop_rate(AXI'S, ACCEL);
set _honme_i ndex_confi g(AXI S, HOVE_ONLY) ;
set _home_l evel (AXI'S, TRUE);

set _home(AXI' S, STOP_EVENT);

printf("\nSearching for hone sensor. (Press any key to quit)\n");
v_nove(AXI' S, FAST_VEL, ACCEL); /* velocity nove towards hone sensor */
di splay(AXI S);

set _home(AXI'S, NO_EVENT);
set _home_i ndex_confi g( AXI'S, | NDEX_ONLY);
error(clear_status(AXIS));

printf("\nSearching for index. (Press any key to quit)\n");

v_nove(AXI S, -SLOW VEL, ACCEL); /* velocity move off home sensor */
dsp_honme_acti on(AXI' S, NEW FRAME) ;

dsp_dwel | (AXI'S, 10000. 0); /* wait for New franme event */
dsp_honme_acti on(AXI'S, NO_EVENT);

set _position(AXI'S, 0.0); /* zero command and actual position */
v_move(AXI'S, 0.0, ACCEL);

di spl ay(AXI S);

start_move(AXl'S, 0.0, FAST_VEL, ACCEL); /* nove to hone |ocation */
di spl ay(AXI S);

printf("\nAxis is home.\n");

return O;
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homeb.c

Homing: Using a mechanical hard stop
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homeb.c
Homing: Using a mechanical hard stop

Homing Routines

/* HOMES. C
:Homi ng routine using a mechani cal hard stop

Thi s sanpl e denonstrates a basic honming algorithm The home location is found based on a nechan-
ical hard stop. The DSP senses the hard stop when the difference between the command and actua
positions exceeds the error limt.

Here is the al gorithm

1) Velocity nove towards the hard stop

2) Stop at the mechanical hard stop (when the error lint is exceeded)
3) Zero the command and actual position

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

*/
/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$
*/
# include <stdio.h>
# include <stdlib. h>
# include <conio. h>
# include "pcdsp. h"
# define AXIS 0
# define VEL 1000. 0
# define ACCEL 1000. 0
# define FAST_ACCEL 100000.0
# define BACK_OFF_DI ST (-3000. 0)
# define HOVE_ERR LIMT 20.0
# define HOVE_DAC LIMT 3276 /* limts control voltage to +/- 1 volt */

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
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voi d di splay(intl6 axis)
{

}
int16 main()
intl6 error_code, coeffs[COEFFICIENTS], dac_linmt, err_event;
double err_limt;
error_code = do_dsp(); /* initialize comunication with the controller */
error(error_code); /* any problens initializing? */
get _filter(AXI'S, coeffs);
get_error_limt(AXIS, &err_limt, &err_event);
dac_limt = coeffs[DF_DAC LIMT]; /* reduce the dac limt */
coef fs[DF_DAC LIMT] = HOVE_DAC LIMT;
set_filter(AXI'S, coeffs);
printf("\nSearching for nechanical limt.\n");
set_error_limt(AXIS, HOVE_ERR LIM T, NO_EVENT);
v_move( AXI'S, VEL, ACCEL); /* velocity nmove towards hard stop */
dsp_error_acti on(AXI'S, NEW FRAME);
dsp_dwel | (AXI'S, 100000.0); /* wait for New Frane event */
dsp_error_acti on(AXI'S, NO_EVENT);
v_move(AXI'S, 0.0, FAST_ACCEL); /* decel to a stop */
set _position(AXI'S, 0.0); /* zero command and actual position */
dsp_end_sequence(AXI S);
di splay(AXI' S);
printf("\nAxis is hone. Hit any key to back off home.\n");
getch();
start _r_nmove(AXI'S, BACK_OFF_DI ST, VEL, ACCEL);
di splay(AXI S);
coef fs[DF_DAC LIMT] = dac_limt; /* reset the dac limt */
set_filter(AXI'S, coeffs);
set_error_limt(AXIS, err_limt, err_event);
return O;
}
==~

s

doubl e cnd, act;
whil e (!notion_done(axis))
{ get _command(axi s, &cnd);
get _position(axis, &act);
printf("\rCnd: 9%0.0lf Act: 9%0.0If", cnd, act);

}
printf("\n");
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2'Gowoy

doss prey [eaiueyosaw e buisn BuloH

2-73



CODE EXAMPLES

home6.c

Homing: Using encoder’ s index pulse
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home6.c
Homing: Using encoder’ sindex pulse

Homing Routines

/* HOME6. C

:Sinmpl e homing routine using the encoders' index pul se

Thi s sanpl e denpnstrates a basic homing algorithm The hone | ocation is found based on the encod-

ers' index pul se

Here is the algorithm
1) Velocity nove towards the index pul se

2) Stop at the index pulse (Stop Event generated by DSP)

3) Zero the position

Here is the sensor |ogic

I ndex i nput = active high

Home i nput = not used
Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System Information
$Sour ce$

$Revi si on$
$Dat e$
$Log$
*/
# include <stdio. h>
# include <stdlib.h>
# include <conio. h>
# include "pcdsp. h"
# define AXIS 0
# define ACCEL 50000. 0
# define HOVE_VEL 1000.0 /* Velocity must be less than the DSP' s
sanpl e rate to guarantee the index
pul se is not m ssed. */
void error(intl6 error_code)
{
char buffer[ MAX_ERROR_LEN] ;
switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak
defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
}
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voi d di splay(intl6 axis)
{

}

int16 main()

§||

intl16 home_| ogic, state;
doubl e cnd;

while (!notion_done(axis))
{
get _command(axi s, &cnd);
printf("\rCnd: 9d0.0lf Hone Logic: %", cmd, honme_switch(AXIS));

if (kbhit())
{ getch();
exit(1l);

}
printf("\n");

int1l6 error_code;

error_code = do_dsp(); /* initialize comrunication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

set _home_i ndex_confi g( AXI'S, | NDEX_ONLY);

set _honme_l evel (AXI'S, TRUE); /* home input logic active high */
set _home( AXI'S, STOP_EVENT);

set _stop_rate(AXI'S, ACCEL);

/* Clear any events generated during home | ogic configuration */
error(clear_status(AXIS));

printf("\nSearching for index pulse. (Press any key to quit)\n");
v_move( AXI' S, HOMVE_VEL, ACCEL); /* velocity nove towards index pul se */
di splay(AXI' S);

set _home( AXI'S, NO_EVENT);

error(clear_status(AXIS));

set _position(AXI'S, 0.0); /* zero command and actual position */
printf("\nAxis is hone.\n");

return O;
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home7.c
Homing: Find midpoint between +/- limits

home7.c

Homing Routines

/* HOMEY.C
:Homing routine to find mdpoint between positive and negative linmits.

Here is the algorithm

1) Move to negative limt, store position

2) Move to positive limt, store position

3) Calculate total width of system

4) Set position referenced fromzero (mddle position)

Here is the sensor |ogic:

Home i nput = not used

I ndex i nput = not used

+Limt input = active high

-Limt input = active high

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires.

Witten for Version 2.5
*/

/* Revision Control System Information

void error(intl6 error_code)

g $Sour ce$

e $Revi si on$

= $Dat e$

g

+ $Log$

3 :

=

D # include <stdio.h>

o # include <stdlib.h>

c # include <conio. h>

g # include <math. h>

S # include "pcdsp.h

S # define AXI S 0

'g # define POS_VEL 10000. 0
T # define NEG_VEL (-10000. 0)
— # define ACCEL 50000. 0
(@)]

=

&

(@]

I

char buffer[ MAX_ERROR_LEN ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
break ;

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
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voi d display(intl6 axis)

{

neg_swi tch(AXIS));

intle initialize_limts(intl6 axis)

intl16 honme_l ogic, state;
doubl e cnd;

J'/oWoy

whil e (!notion_done(axis))
{
get _command(axi s, &cnd);
printf("\rCnd: %40.0lf Positive Limt: % Negative Linmt: %", cnd, pos_switch(AXlS),

if (kbhit())
{ getch();

exit(1):
}

}
printf("\n");

{
set _positive_limt(axis, STOP_EVENT);
set _positive_level (axis, TRUE);
set _negative_limt(axis, STOP_EVENT);
set _negative_l evel (axis, TRUE);
return O;
}
I
o
intl6 find_neg_limt(intl6 axis, double * mnin_pos) 3
{ >
v_nove(axis, NEG VEL, ACCEL); /* nmove to negative limt */ <
printf("Mving to negative limt...\n"); mn
di spl ay(axis); >
get _position(axis, mn_pos); Q
error(clear_status(axis)); 3
g
return O; S
} >
~
o
intl6 find_pos_limt(intl6 axis, double * max_pos) SER
{
v_nove(axis, POS_VEL, ACCEL); /* nmove to positive limt */ §
printf("Mving to positive limt...\n"); +
di spl ay(axis); -
get _position(axis, max_pos); L
error(clear_status(axis)); §
return O; 7]
}
g9 — 2-77
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CODE EXAMPLES

home7.c

Homing: Find midpoint between +/- limits

2-78

int16 main()
{

intl6 error_code;
doubl e mi n_pos, nmax_pos, wi dth;

error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */
initialize_limts(AXIS); /* configure limt swtches */
find_neg limt(AXl'S, &m n_pos);

find_pos_limt(AXl'S, &rax_pos);

width = (fabs(m n_pos) + fabs(max_pos));

printf("Wdth of system %f \n",wdth);

/* reference position frommiddl e (zero) of system?*/

set_position(AXIS, (width / 2.0)); /* position at positive limt */
printf("Current Position: %f\n", (width / 2));

return O;

H |
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inthnd.c
Single-board interrupt support

Interrupt Handling

/* I NTHND. C

: Sanpl e code for Single-Board Interrupt Support.

This code denonstrates how to handle interrupts generated froma single DSP-Series controller
When programing with interrupt routines, make sure to define CRITI CAL and ENDCRI TI CAL. These are
located inidsp.h. CRITICAL is used to disable interrupts and ENDCRI TI CAL re-enabl es interrupts

This is very inportant! Interrupts during conmunication can cause strange problens.

If you are using a Borland C conpiler (3.1 or greater), then CRI TI CAL and ENDCRI Tl CAL are defined
for you.

When conpiling code with an interrupt routine, to turn stack checking off.

If you nodify dsp_interrupt(...), watch out for floating point operations- npst conpilers do not
support them Also, MEl's standard function library is not supported inside interrupt routines

Witten for Borland and M crosoft conpilers

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

*/
/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$
*/
# include <stdio. h>
# include <stdlib.h>
# include <dos. h>
# include <conio. h>
# include "idsp.h"
# define R 8259 EQ 0x20
# define R 8259 | MR 0x21
# define EQ 0x20
# define EF_NONE (-1)

typedef void (interrupt * | NTERRUPT_HANDLER) ()

static intl1l6 Read_DSP(unsi gned addr);

static void Wite_DSP(unsigned addr, intl16 dn;
voi d install_dsp_handl er(int1l6 intno);

typedef void (interrupt * | NTERRUPT_HANDLER) ()
| NTERRUPT_HANDLER ol d_handl er = NULL

static int1l6 inmr, interrupt_nunber;

int16 axis_interrupts[PCDSP_NMAX_AXES] ;
intlé io_interrupts

—
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CODE EXAMPLES

inthnd.c

Sngle-board interrupt support

2-80

static intl1l6 inc_acks(intl6 axis)

}

int16 addr1, addr2;

intl6 vi, v2 ;
addr1l = dspPtr->gl obal _data + axis + GD_SI ZE; /* irq_count */
addr2 = addrl1 + dspPtr->axes; /* ack_count */

vl = Read_DSP(addr1l);
v2 = Read_DSP(addr?2);

if (vl !=v2) /* |'s the DSP generating interrupts? */

Wite_DSP(addr2,vl);
return (vl - v2);

/* set ack_count = irg_count */

void _far interrupt dsp_interrupt()

intl6 i;
_disable();

/* 1Is the interrupt caused by the DSP |/ O nonitoring? */
i f (Read_DSP((Read_DSP(DM | O BLOCK)) + | O _CHANGE))
{
i o_i nterrupts++;
/* Clear the /O nmonitoring flag. */
Wite_DSP((Read_DSP(DM | O BLOCK) + | O CHANGE), 0);

}
for (i = 0; i < PCDSP_MAX_AXES; i ++)
{

if (inc_acks(i))

{

axis_interrupts[i]++;

}

}

out p(R_8259_EA, EQ);

voi d renove_handl er (voi d)

}

_disable() ;

_dos_setvect (i nterrupt_nunber + 8, old_handler) ;
outp(R 8259 _IMR, inr) ;

outp(R_8259_EQ, EQ) ;

_enable() ;

void install_dsp_handl er(int16 intno)

intl6 new.inr;

i nterrupt_nunber = intno ;
ol d_handl er = _dos_getvect (i nterrupt_nunber + 8) ;
inm = inp(R_8259_IMR) ;

atexit(renove_handl er) ;

new im =im & ~(1 << interrupt_nunber) ;
_disable() ;

_dos_setvect (interrupt_nunber + 8, dsp_interrupt) ;
out p(R_8259_I MR, new_inr) ;

outp(R_8259_EQ, EQ) ;

_enabl e() ;

H |
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int16 dsp_irqg_frame(intl6 axis)

{
FRAME frane ;
frame_cl ear (& rame) ;
if (frame_all ocate(& rame, dspPtr, axis))
return dsp_error ;
frame.f.control |= FCTL_I NTERRUPT ;
return frame_downl oad(&f rane) ;
}

static int16 Read_DSP(unsigned addr)

{ outpw(dspPtr->address, addr | 0x8000);
return(i npw(dspPtr->data));

}

static void Wite_DSP(unsigned addr, intl16 dm
{

out pw( dspPtr - >addr ess, addr | 0x8000);

out pw( dspPtr - >dat a, dn) ;
}

=
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intssmpl.c

Sngle-board interrupt support under DOS
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intsimpl.c
Single-board interrupt support under DOS

Interrupt Handling

/* INTSIMPL.C
: Sanpl e code for Single-Board Interrupt Support under DOS
Thi s code denonstrates how to handle interrupts generated from a single DSP-Series controller

When programing with interrupt routines, make sure to define CRITICAL and ENDCRI TI CAL. These are
located inidsp.h. CRITICAL is used to disable interrupts and ENDCRI TI CAL re-enables interrupts
This is very inportant! |Interrupts during conmmunicati on can cause strange probl ens.

If you are using a Borland C conpiler (3.1 or greater), then CRITICAL and ENDCRI TI CAL are defi ned
for you.

When conpiling code with an interrupt routine, be sure to turn stack checking off.

This programuses a general nethod for installing and renoving interrupt handlers. The handl er
itself is witten specifically for this program and can easily be nodified

If you nodify dsp_interrupt(...), watch out for floating point operations- npst conpilers do not
support them Also, MEl's standard function library is not supported inside interrupt routines

Witten for Borland and M crosoft conpilers

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$

i nclude <stdio. h>
i ncl ude <stdlib. h>
i ncl ude <dos. h>

i ncl ude <coni o. h>
i nclude "idsp.h"

H O HH*

define R 8259 EQ 0x20
define R 8259 IM 0x21
define EQ 0x20

H* H H*

typedef void (interrupt * | NTERRUPT_HANDLER) ()
voi d install_dsp_handl er(intl1l6 intno);

I NTERRUPT_HANDLER ol d_handl er = NULL

static intl1l6 inr, interrupt_nunber;

int16 | NTERRUPT_FLAG = FALSE
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CODE EXAMPLES

void error(intl6 error_code)
char buffer[ MAX_ERROR LEN] ;
if(error_code)

{ error_msg(error_code, buffer);
printf("ERROR %s\n", buffer);

exit(1l);
}
void _far interrupt dsp_interrupt()
intl6 i;
_disable();

I NTERRUPT_FLAG = TRUE;

outp(R_8259_EA, EQ);
_enabl e() ;

}
voi d renove_handl er (voi d)

_disable() ;

_dos_setvect (i nterrupt_nunber + 8, ol d_handl er)
outp(R 8259 _IMR, inT) ;

outp(R_8259_EQ, EQ) ;

_enabl e() ;

}

voi d install _dsp_handl er(int16 intno)
int1l6 new_inr;
i nterrupt_nunber = intno ;

ol d_handl er = _dos_getvect (i nterrupt_nunber + 8)
inmr = inp(R_8259_IMR) ;

atexit(renove_handl er) ;

new inr = im & ~(1 << interrupt_nunber) ;
_disable() ;

_dos_setvect (i nterrupt_nunber + 8, dsp_interrupt) ;
out p(R_8259_I MR, new_.inr) ;

outp(R_8259_EQ, EQ) ;

_enabl e() ;

}
int16 mai n(void)
int16 error_code;

error_code = do_dsp(); /* initialize comrunication with the controller */
error(error_code); /* any problens initializing? */

/1 Initialize port 2 for output. Al bits including bit 23 will be |ow.
init_io(2, 10 QUTPUT);

/1 Enable the DSP card to send interrupts to the PC
dsp_i nterrupt_enabl e( TRUE) ;

/1 Install the interrupt handler.
install _dsp_handl er(5);

/1 The | NTERRUPT_FLAG should be O before the interrupt is sent.
whi | e(!'kbhit())
i f (I NTERRUPT_FLAG
printf("Interrupt received \r");
el se

—
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CODE EXAMPLES

intssmpl.c

Sngle-board interrupt support under DOS

printf("Interrupt not received\r");
getch();

/1l Send an interrupt by setting bit 23 H GH
set _bit(23);

/1 The | NTERRUPT_FLAG should be 1 after the interrupt
whi | e(! kbhit())
i f (I NTERRUPT_FLAG)

printf("Interrupt received \r");
el se
printf("Interrupt not received\r");
getch();
return O

is sent.

H |
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CODE EXAMPLES

iolatch.c
Latch actual positions of all axes, using User /O bit 22

Position Latching

/* | OLATCH. C
:Latch the actual positions of all axes based on user 1/0O bit #22

Be sure user I/Obit #22 is normally driven high, and is pulled low to activate the latch. The
falling edge of bit #22 triggers the DSP's interrupt. The DSP's interrupt routine handles the
latching of the actual positions of all axes within 4 mcroseconds.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System |nformation
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude "pcdsp. h"

HHHH

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)

{
case DSP_X:
/* No error, so we can ignore it. */
br eak
defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
}
}
int16 main()
intl6 error_code, axis, axes, done = 0
double p
error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */
axes = dsp_axes();
printf("\nToggle bit #22 to latch % axes, Press any key to quit\n", axes);
7 =
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CODE EXAMPLES

iolatch.c

Latch actual positions of all axes, using User 1/O bit 22

2-86

init_io(2, 10_INPUT);
arm | at ch( TRUE) ;

whil e (!done)
{
while (!latch_status() && !done)
if (kbhit())
done = getch();
}

for (axis = 0; axis < axes; axis++)

get | atched_position(axis, &p);

printf("Axis: % Position:%2.0lf\n",
printf("\n");
arm | at ch( TRUE) ; /* reset the latch.
}
return 0;

axi s,

*/

p);

H |
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CODE EXAMPLES

lomon_in.c
Initialize for 1/0O-generated interrupts under WinNT

Windows NT

/* 1TOMONLIN. C
cInitialization for 1/0 generated interrupts under W ndows NT.

This sanple denonstrates howto initialize a DSP-Series controller to nmonitor 1/O lines and gen-
erate interrupts under W ndows NT.

This programis put to "sleep" until an interrupt is sent fromthe DSP-Series controller to the
host CPU.

When using interrupts, be sure to set the appropriate IRQ switch on the DSP-Series controller
Al so, nmake sure the device driver "DSPIO" is configured for the same | RQ

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

#i ncl ude <wi ndows. h>
#i ncl ude <wi nioctl.h>
#i ncl ude <stdio. h>

#i nclude <stdlib. h>
#i ncl ude <coni o. h>

#i nclude "idsp.h"

#i f def MEI _MSVC20 /* support for Mcrosoft Visual C C++ ver 2.0 */

# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f

#i f def MEI _MSVC40 /* support for Mcrosoft Visual C/ C++ ver 4.0 */

# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;
switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak
defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
}
}
==~
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CODE EXAMPLES

_in.c

iomon

Initialize for 1/0O-generated interrupts under WinNT

2-88

int main()

intl6 error_code;

error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

init_io(0, 10_INPUT); /* initialize I/O port for inputs */

init_io(1, IO_INPUT);

init_io(2, 10 QUTPUT); /* initialize 1/0O port for outputs */

reset _bit(23); /* enable interrupt generation */

/* initialize 1/O Mnitoring */

set _io_nmon_mask(0, 1, 0);

clear_io_nmon();

/* Wait for |I/O Monitoring to send an Interrupt */

/* for MElI_TOGGELE and MElI _I O MON axis is ignored, use 0.*/
mei _sleep_until _interrupt(dspPtr->dsp_file, 0, MEl _IO MN);
printf("Ht any key to exit.\n");

getch();

return O;

Motion Engineering, Inc.



CODE EXAMPLES

jog.c
Usethejog axes(...) function

Jogging

/* JOG C
:Denonstrates the jog_axis(...) function

This code initializes 3 analog i nput channels for unipolar (0O to 5 volt) operation. Then the DSP
is configured for velocity-based jogging

The velocity is calculated as foll ows:

Each sanple, the DSP runs through the follow ng calculations to determ ne the velocity that the
motor will run at.

if A/D value > (center + deadband)
then J = A/D value - center - deadband

if A/D value < (center - deadband)
then J = A/D value - center + deadband

if (center + deadband) > A/D value > (center - deadband)
then J =0

notor velocity (counts/sec) =
(linear term* 1/65536 * J + cubic term* 3.632E-12 * (J * J * J)) * sanple_rate

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

*/
/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$
*/
# include <stdio.h>
# include <stdlib. h>
# include <conio. h>
# include "pcdsp. h"
# define X O
# define Y 1
# define Z 2
# define XJOG 0
# define YJOG 1
# define ZJOG 2
# define XANALOGCHANNEL 0
# define YANALOGCHANNEL 1
# define ZANALOGCHANNEL 2
# define XCENTER 2048
# define YCENTER 2048
# define ZCENTER 2048
# define XDEADBAND 5
7
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CODE EXAMPLES

jog.c

Usethejog_axes(...) function

2-90

# define YDEADBAND 20
# define ZDEADBAND 50
# define XLINEAR 10

# define YLINEAR 100

# define ZLINEAR 1000

# define XCUBIC 10

# define YCUBIC 50

# define ZCUBIC 100

void error(intl6 error_code)

{
char buff er [ MAX_ERROR LEN| ;

switch (error_code)

{
case DSP_X:
/* No error, so we can ignore it. */
break ;
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
}
}
int16 main()
int16 error_code;
error_code = do_dsp();
error(error_code); /* any problens initializing? */
/* Initialize X, Y, and Z channels to use specific anal og channels and
configure these channels to be unipolar and single ended.
NOTE: the default anal og channel for an axis is the sane as the axis
nunber and is configured for unipolar and single ended.
*/
set _anal og_channel ( X, XANALOGCHANNEL, FALSE, FALSE);
set _anal og_channel (Y, YANALOGCHANNEL, FALSE, FALSE);
set _anal og_channel (Z, ZANALOGCHANNEL, FALSE, FALSE);
jog_axis(X, XJOG XCENTER, XDEADBAND, XLINEAR, XCUBIC, TRUE);
jog_axis(Y, YJOG YCENTER, YDEADBAND, YLINEAR, YCUBIC, TRUE);
jog_axis(Z, ZJOG ZCENTER, ZDEADBAND, ZLINEAR, ZCUBIC, TRUE);
return 0;
}

/* initialize conmunication with the controller

*/

H |

—
-
tion Engineering, Inc.



CODE EXAMPLES

joglatl.c
Jog/latch positions, generate stop events, clear status on 3 axes

Jogging

/* JOGLAT1.C
:Jog, latch positions, generate stop events, and clear status on three axes.
This code initializes 3 analog i nput channels for unipolar (O to 5 volt) operation. Then the DSP

is configured for velocity-based jogging. Wen positions are latched (by toggling User 1/0O bit
#22), a sequence of frames on a phantom axis are executed. These frames generate STOP_EVENTs on

axes (0-2). The status of each axis is then cleared to allow any further notion to be progranmed.

The jogging velocity is calculated as follows:

Each sanple, the DSP runs through the followi ng calculations to
determne the velocity that the motor will run at.

if A/D value > (center + deadband)
then J = A/D value - center - deadband
if /D value < (center - deadband)

then J = A/D value - center + deadband
if (center + deadband) > A/D value > (center - deadband)
then J =0

notor velocity (counts/sec) =
(linear term* 1/65536 * J + cubic term* 3.632E-12 * (J * J * J)) * sanple_rate

Be sure user 1/Obit #22 is normally driven high, and is pulled lowto activate the latch. The
falling edge of bit #22 triggers the DSP's interrupt. The DSP's interrupt routine handles the
latching of the actual positions of all axes within 4 microseconds.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude "pcdsp. h"

HHHH

define X 0
define Y 1
define Z 2

H* H H*

define XJOG
define YJOG
define ZJOG

HHH
N~ O

H*

define XANALOGCHANNEL 0

—
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CODE EXAMPLES

# define YANALOGCHANNEL 1
# define ZANALOGCHANNEL 2

(]
— # define XCENTER 2048
"(.-U' # define YCENTER 2048
_— # define ZCENTER 2048
S
—_ # define XDEADBAND 5
# define YDEADBAND 20
# define ZDEADBAND 50
# define XLINEAR 10
# define YLINEAR 100
# define ZLINEAR 1000
# define XCUBIC 10
# define YCUBIC 50
# define ZCUBIC 100

void error(intl6 error_code)

{
char buff er [ MAX_ERROR LEN] ;

switch (error_code)
{
case DSP_X:
break ;

defaul t:
error_msg(error_code, buffer)

exit(1l);
br eak;

}
}

voi d begi n_j oggi ng(voi d)
{

/* No error, so we can ignore it. */

fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;

/* Initialize X, Y, and Z channels to use specific anal og channels and
configure these channels to be unipolar and single ended.

NOTE: the default analog channel for an axis is the sane as the axis
nunber and is configured for unipolar and single ended.

*/

set _anal og_channel (X, XANALOGCHANNEL,
set _anal og_channel (Y, YANALOGCHANNEL,
set _anal og_channel (Z, ZANALOGCHANNEL,

jog_axi s(X, XJOG XCENTER, XDEADBAND,

jog_axis(Y, YJOG YCENTER, YDEADBAND,

jog_axis(Z, ZJOG ZCENTER, ZDEADBAND,
}

voi d stop_w th_| atch(void)
{

dsp_io_trigger(1, 22, FALSE);
dsp_io_trigger (2,22, FALSE);

dsp_axi s_conmand( 0, 0, STOP_EVENT) ;
dsp_axi s_command( 1, 1, STOP_EVENT) ;
dsp_axi s_conmand( 2, 2, STOP_EVENT) ;

Jog/latch positions, generate stop events, clear status on 3 axes

2-92

FALSE, FALSE);
FALSE, FALSE);
FALSE, FALSE);

XLI NEAR, XCUBI C, TRUE);
YLI NEAR, YCUBI C, TRUE);
ZLI NEAR, ZCUBIC, TRUE);

dsp_io_trigger(0,22, FALSE); /* Execute next frame when bit 22 goes |ow */

—
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voi d recover_from| at ch(void)

axes...\n");

{
/* Disable jogging on three axes */
jog_axis(X, XJOG XCENTER, XDEADBAND, XLINEAR, XCUBIC, FALSE);
jog_axis(Y, YJOG YCENTER, YDEADBAND, YLINEAR, YCUBIC, FALSE);
jog_axis(Z, ZJOG ZCENTER, ZDEADBAND, ZLINEAR, ZCUBIC, FALSE);
whi | e(! noti on_done(0) || !notion_done(1l) || !notion_done(2))
erro’r(cl ear_status(X));
error(clear_status(Y));
error(clear_status(2));
}
int16 main()
int1l6 error_code, axis, axes;
doubl e p;
error_code = do_dsp(); /* initialize comunication with the controller */
error(error_code); /* any problens initializing? */
begi n_j oggi ng();
axes = dsp_axes();
printf("\'nToggle bit #22 to latch % axes.\n\n", axes);
init_io(2, I0_INPUT);
stop_with_latch();
arm | at ch( TRUE) ;
while(!latch_status())
for Y(axis = 0; axis < axes; axis++)
{
get _| atched_position(axis, &p);
printf("Axis:%l Position:%2.0lf\n", axis, p);
}
printf("\n");
printf("Press any key to disable jogging and clear status on all
getch();
recover _fromlatch();
return O;
}
==~
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CODE EXAMPLES

joglat2.c

Jog/latch positions, generate stop events & back off

2-94

joglat2.c
Jog/latch positions, generate stop events & back off

Jogging

/* JOGLAT2.C
:Jog, latch positions, generate stop events, and back off a relative distance

This code denonstrates how to configure the DSP for anal og jogging, position |atching, and Stop
Event generation based on an User I/Obit. The steps are

1) Initialize the analog inputs and configure three axes for jogging

2) Downl oad frames to trigger Stop Events when User 1/0O bit #22 goes |ow
3) Configure and arm position |atching

4) Wit for position |latch and Stop Event

5) Determine the |ast commanded direction

6) Clear the Stop Events

7) Command a relative nmove in the opposite direction

The jogging velocity is calculated as follows:

Each sanple, the DSP runs through the follow ng calculations to
determ ne the velocity that the motor will run at.

if /D value > (center + deadband)
then J = A/D value - center - deadband

if /D value < (center - deadband)
then J = A/D value - center + deadband

if (center + deadband) > A/D value > (center - deadband)
then J =0

notor velocity (counts/sec) =
(linear term* 1/65536 * J + cubic term* 3.632E-12 * (J * J * J)) * sanple_rate

Be sure user 1/Obit #22 is normally driven high, and is pulled lowto activate the latch. The
falling edge of bit #22 triggers the DSP's interrupt. The DSP's interrupt routine handles the
latching of the actual positions of all axes within 4 microseconds.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude "pcdsp. h"
include "idsp.h"

H O HH*

define LATCH BIT 22
define VELOCITY 1000. 0

#* #
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ozrebol

# define ACCEL 10000. 0
# define STOP_RATE  10000.0 /* Stop Event Deceleration */
# defi ne EXP_EVENT 0x000D
int16
jog_axes[] = {0, 1, 2},
jog_channel[] = {0, 1, 2},

jog_anal og_channel [] = {0, 1, 2},
jog_center[] = {2048, 2048, 2048},

j og_deadband[] = {50, 50, 50},
jog_linear[] = {5, 20, 50},
jog_cubic[] = {10, 50, 100};

doubl e back_off_dist[] = {7000.0, 8000.0, 5000.0};

void error(intl6 error_code)

{
char buff er [ MAX_ERROR LEN| ;

switch (error_code)

{
case DSP_X:
/* No error, so we can ignore it. */
break ;
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code) ;
exit(1l);
br eak;
}
}
voi d set_jogging(intl6 n_axes, intl16 * map, int1l6 enable)
intl6 i;
for (i = 0; i < n_axes; i++)
jog_axis(map[i], jog_channel[i], jog_center[i], jog_deadband[i],

jog_linear[i], jog_cubic[i], enable);

}
voi d stop_when_| atched(int16 n_axes, intl1l6 * map)
intl6 i;

/* Downl oad franes to generate a Stop Event when the LATCH BIT goes low. */

1o yoeq % Siuane dois areeuab ‘suonisod yore|/bor

for (i = 0; i < n_axes; i++)
{
dsp_io_trigger(map[i], LATCH BIT, FALSE);
dsp_axi s_conmand(map[i], map[i], STOP_EVENT);
}
}
void display(intl6 n_axes, intl6 * map)
{
intl6 i;
doubl e cnd;
printf("\r");
for (i = 0; i < n_axes; i++)
{
get _command(map[i], &cnd);
printf("%d: 9%40.01f ", i, cnd);
}
o— 2-95
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joglat2.c

Jog/latch positions, generate stop events & back off

2-96

}

int16 end_of _motion(intl6 n_axes, intl6 * nap)
intl6 i;
for(i = 0; i < n_axes; i++)

i f(!notion_done(map[i]))
return O;

}

return 1;

}

void find_direction(intl6 n_axes, intl6 * map, intl1l6 * direction)
intl6 i, tenp_state, ts_addr;

for (i = 0; i < n_axes; i++)

{

direction[i] = 0;

ts_addr = dspPtr->pc_status + (dspPtr->axes * 2) + map[i];
tenp_state = dsp_read_dn(ts_addr);

if ((tenmp_state & EXP_EVENT) == EXP_EVENT)
{

if (tenp_state & TRI GGER_NEGATI VE)
direction[i] = -1;

el se
direction[i] = 1;

}
}

voi d recover(intl6 n_axes, intl6 * map)
intl6 i, dir[ PCOSP_MAX_AXES], tenp_state,;
set _j oggi ng(n_axes, map, FALSE); /* Disable jogging */

whil e (!end_of _notion(n_axes, map))
di spl ay(n_axes, jog_axes);

find_direction(n_axes, map, dir);
for (i = 0; i < n_axes; i++)
{
error(clear_status(map[i]));
start_r_move(map[i], (dir[i] * back_off_dist[i]), VELOCITY, ACCEL);

}

}

void initialize(intl6 n_axes, intl6 * nmap)
intl6 i, error_code;
error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

init_io(2, 10_INPUT);
for (i = 0; i < n_axes; i++)
set _stop_rate(map[i], STOP_RATE);

/* Initialize the jog axes to use specific anal og channel s and configure
these channel s for unipolar and single ended operation.
The default anal og channel configuration is the anal og channel = axis,
uni pol ar, and single ended.

*/
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for (i = 0; i < n_axes; i++)

set _anal og_channel (map[i], jog_anal og_channel[i], FALSE, FALSE);

set _j oggi ng(n_axes, jog_axes, TRUE);/* enable jogging */
st op_when_| at ched(n_axes, jog_axes);
arm | at ch( TRUE) ;

}
int16 main()
{
intl6 i, n_axes;
doubl e position;
n_axes = (sizeof (jog_axes)/sizeof (intl6));
initialize(n_axes, jog_axes);
printf("\nToggle bit #22 to latch positions.\n\n");
while (!latch_status())
di spl ay(n_axes, jog_axes);
for (i = 0; i < n_axes; i++)
{
get _| atched_position(jog_axes[i], &position);
printf("\nAxis: % Latched Pos: %2.0lf", jog_axes[i],
}
printf("\n");
recover (n_axes, jog_axes);
while (!end_of _notion(n_axes, jog_axes))
di spl ay(n_axes, jog_axes);
return O;
}

- oo —
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CODE EXAMPLES

keylatch.c

Latch actual positions of all axes, using keyboard input

2-98

keylatch.c
L atch actual positions of all axes, using keyboard input

Position Latching

/* KEYLATCH. C
:Latch the actual positions of all axes based on keyboard i nput.

Be sure user I/Obit #22 is left unconnected when using this sanple program The falling edge of
bit #22 triggers the DSP's interrupt. The DSP's interrupt routine handles the |atching of the
actual positions of all axes within 4 m croseconds

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System |nformation
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude "pcdsp. h"

HHHH

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
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{

int16 main()
intl6 error_code, axis, axes, done = O;
doubl e p;
error_code = do_dsp(); /* initialize comrunication with the controller */
error(error_code); /* any problens initializing? */
axes = dsp_axes();
printf("\nPress any key to latch % axes, esc=quit\n", axes);
init_io(2, 10 QUTPUT);
set _bit(22); /* initialize bit #22 high */
arm | at ch( TRUE) ;
whil e (!done)
while (!latch_status())
if (kbhit())
{
if (getch() == 0x1B)
exit(1);
el se
latch();
}
}
for (axis = 0; axis < axes; axis++)
{ get | atched_position(axis, &p);
printf("Axis:% Position:%2.0lf\n", axis, p);
printf("\n");
arm | at ch( TRUE) ; /* reset the latch. */
}
return O;
oo ——
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CODE EXAMPLES

lcoord.c

Smple linear coordinated moves
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lcoord.c
Simple linear coordinated moves

Coordinated Motion

/* LCOORD. C
:Some sinple linear coordinated noves

This code initializes the mapped axes, the vector velocity, and the vector acceleration. Then a
single linear coordinated nove is performed fol |l owed by an interpol ated |inear coordinated notion

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*
/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

# include <stdio.h>
# include <stdlib. h>
# include <conio. h>
# include "pcdsp. h"

# define MAX_AXES 3

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
br eak

defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code)
exit(1l);
br eak;
}
}

int16 display(void)
double x, y, z;

while (!'kbhit())
{ get _command(0, &x);
get _command(1, &y);
get _command(2, &z);
printf("X 9%d2.4lf Y: %W2.41f Z: %@2.41f\r", X, y, 2);
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/*
/*

/*

{o, 1, 2};

initialize comunication with the controller */
any problens initializing? */

reset the hardware */

initialize the coordi nated axes */
set the vector velocity */

set the vector acceleration */

performa single coordi nated nmove */

/* Performan interpolated notion through several points */

getch();
return O;
}
int16 main()
intl6 error_code, axes[ MAX_AXES]
error_code = do_dsp();
error(error_code);
error(dsp_reset());
error (map_axes( MAX_AXES, axes));
set _nove_speed(200.0);
set _nove_accel (8000.0);
nove_3(100.0, 100.0, 100.0);
di splay();
start_point_list();
nove_3(100.0, 100.0, 100.0);
nove_3(200.0, 1000.0, 1000.0);
move_3(50.0, 50.0, 50.0);
end_point_list();
start_nmotion();
di splay();
return O;
}
[ oo ——
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CODE EXAMPLES

limit.c

Recover from simple limit switch event

2-102

limit.c
Recover from simple limit switch event

Exception Handling & Recovery

/* LIMT.C
:Sinple limt switch recovery

This sanple denponstrates a basic limt switch recovery algorithm Each axis has a positive and
negative hardware limt input. The active | evel and exception event response for each linmt input
is software configurable.

Each limt input is logically conmbined with the command velocity. The negative linmit is disabled
when the axis noves in the positive direction and the positive limt is disabled when the axis
nmoves in the negative direction.

The DSP generates the exception event (None, Stop, E-Stop, or Abort) when the limt input reaches
the active state and the command vel ocity is non-zero in the direction of the corresponding limt
sensor.

Here is the algorithm

1) Velocity nove towards the positive limt input

2) Stop at the positive limt sensor (Stop Event generated by the DSP)

3) Cear the Event

4) Move off the positive limt sensor

5) Velocity nove towards the negative limt input

6) E-Stop at the negative limt sensor (E-Stop Event generated by the DSP)
7) Cear the Event

8) Moyve off the negative limt sensor

Here is the sensor |ogic:
+ limt input = active | ow
- limt input = active | ow

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires.

Witten for Version 2.5
*
/

/* Revision Control System Infornmation
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude "pcdsp. h"

H* HH

define AXI S 0

define VEL 1000.0
def i ne ACCEL 5000.0
defi ne RECOVER DI ST 4000.0

HHHH

—
-
tion Engineering, Inc.

§||



CODE EXAMPLES

void error(intl6 error_code)
char buffer[ MAX_ERROR LEN] ;

switch (error_code)

{
case DSP_X:
/* No error, so we can ignore it. */
break ;
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1l);
br eak;
}
}
voi d display(intl6 axis)
intl6é pos_|im neg_|lim state;
doubl e cnd;
whil e (!notion_done(axis))
{ get _command(axi s, &cnd);
pos_lim= pos_sw tch(AXI S);
neg_lim= neg_switch(AXl S);
printf("Cmd:98.0lf +Lim% -Lim%\r", cnd, pos_|lim neg_linm;
if (kbhit())
{ getch();
v_nove(axis, 0.0, ACCEL);
exit(1);
}
}
printf("\n");

int16 check_for_event(intl6 axis)
int1l6 state;
state = axis_state(axis);

/* Check if an Exception Event occurred */
switch (state)

{
case STOP_EVENT:
{ printf("\nException Event = Stop");
return state;
}
case E_STOP_EVENT:
{ printf("\nException Event = Emergency Stop"),
return state;
}
}
return O;

}
int16 recover(intl6 axis, intl6 state)
intl6 recover _dir;
switch (axis_source(axis))
case ID POS_ LIMT:
{ printf("\nSource = Positive Limt");

recover _dir = -1;
br eak;

—
= oEy
tion Engineering, Inc.

§||

JUSAS UD1IMS 11U 1| 3 [0 IS WO 1) JOA0ISY

SRY]

2-103



CODE EXAMPLES

limit.c

Recover from simple limit switch event

2-104

}

}

case |ID NEG LIMT:

{ printf("\nSource = Negative Limt");
recover _dir = 1;
br eak;

}

defaul t:
printf("\nNo Limt was triggered\in");
}

/* Make sure the event is conplete before clearing the status */
whil e (!notion_done(axis))

if ((state == E_STOP_EVENT) || (state == STOP_EVENT))
{ error(clear_status(axis));

printf("\nMving off the limt\n");
start_r_move(axis, (RECOVER DI ST * recover_dir), VEL, ACCEL);

di spl ay(axis);
}

/* Was the recovery successful ? */
if (check_for_event(axis))
{ printf("\nUnable to Recover - Both limts tripped?\n");

return 1;
}
return O;
int16 main()
intl6 error_code, state;
error_code = do_dsp(); /* initialize comunication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

/* Configure the limts */
set_positive_limt(AXIS, STOP_EVENT);
set _negative_limt(AXIS, E_STOP_EVENT);
set _positive_l evel (AXIS, FALSE);
set_negative_| evel (AXI S, FALSE);

set _stop_rate(AXI'S, ACCEL);

set _e_stop_rate(AXlI'S, ACCEL);

printf("\nSearching for the positive limt sensor. (any key to quit)\n\n");
v_nove(AXI S, VEL, ACCEL); /* velocity nove towards positive limt */
di splay(AXI S);

state = check_for_event (AXIS); /* Did we hit the positive limt? */
if (state)
recover (AXI'S, state);

printf("\nSearching for the negative limt sensor. (any key to quit)\n\n");
v_nove(AXI S, -VEL, ACCEL); /* velocity nove towards positive limt */
di spl ay(AXI S);

state = check_for_event (AXIS); /* Did we hit the negative limt? */
if (state)
recover (AXI'S, state);

return O;
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linksync.c
Electronic gearing with synch, using 1/0 sensors

Electronic Gearing

/* LI NKSYNC. C
:Electronic gearing with synchronizati on based on |/O sensors.

This sanple code link's 2 axes together and conmands a velocity nove on the master axis. During
the notion, the actual position of the slave axis is displayed based on 2 input sensors. For this
sanpl e, the index inputs are used as the input sensors

Based on keyboard input, a synchronization routine adjusts the offset distance between the input
sensors

Here is the synchronization algorithm

1) Read the slave's position when the first sensor goes high
2) Read the slave's position when the second sensor goes high
3) Calculate the offset distance

4) Command a notion to conpensate for the offset distance

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

*/
/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$
*/
# include <stdio.h>
# include <stdlib. h>
# include <conio. h>
# include <math. h>
# include "pcdsp. h"
# define MASTER 0
# define SLAVE 1
# define VELOCI TY 500.0
# define ACCEL 4000. 0
# define RATIO 1.0
# define MAX_DI ST 8192 /* Slave di stance between sensors */
# define SENSOR PORT 6 /* User 1/O port */
# define M MASK 0x04 /* Master sensor mask */
# define S_MASK 0x40 /* Slave sensor mask */
7 =
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void error(intl6 error_code)

{

&) char buffer[ MAX_ERROR_LEN] ;
(&)
% switch (error_code)
{
4 case DSP_OK:
c /* No error, so we can ignore it. */
= break ;
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code) ;
exit(1l);
br eak;
}
}
voi d synchronize(intl6 axis, intl6 port, intl6 mmask, intl1l6 s_nask)
{

int1l6 dir, value = 0;
doubl e delta, offset, s_pos_0, s_pos_1;

while (!(value & mmask)) /* wait for master sensor */
get _io(port, &value);
get _position(axis, &s_pos_0);

while (!(value & s_mask)) /* wait for slave sensor */
get _io(port, &value);
get _position(axis, &s_pos_1);

delta = s_pos_1 - s_pos_0;

if (delta > 0.0)
dir = 1;

el se
dir = -1;

printf("\nDir: % Delta: 9%6.0If", dir, delta);
/* Make sure the delta is a fraction of one full sensor cycle. */
delta = fnod((dir * delta), MAX_ DI ST);

/* Calculate the shortest distance to synchronize the master and slave. */
if (delta > (MAX_DIST / 2.0))

offset = (dir * delta) - (dir * MAX DI ST);
el se

offset = (dir * delta);

/* Command a relative nove to conpensate for the offset distance. */
start _r_nove(axis, offset, VELOCH TY, ACCEL);

printf("\nCffset: 9.0l f\n\n", offset);
}

voi d display(intl6 axis, intl6 sensor_port, intl6 mmask, intl1l6 s_nask)
int16 val ue;

get _i o(sensor_port, &val ue);

Electronic gearing with synch, using I/O sensors

if ((value & mmask) || (value & s_mask))
printf("1/O 0x0% Enc: %\n", value, dsp_encoder(axis));

2-106
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int16 main()

§||

intl16 error_code, key, done = 0;

error_code = do_dsp();

error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */
set _hone_i ndex_confi g( MASTER, | NDEX_ONLY); /* use index for sinmulation */

set _home_i ndex_confi g( SLAVE, | NDEX_ONLY);

mei _| i nk( MASTER, SLAVE, RATIO LI NK_ACTUAL);
v_nove( MASTER, VELOCI TY, ACCEL); /* simulate master */

printf("\ns=synchroni ze, esc=quit\n");

whil e (!done)
{ display(SLAVE, SENSOR PORT, M MASK, S _MASK);

if (kbhit())/* key pressed? */
{ key = getch();

switch (key)

{
case 's':/* Synchronize */
printf("\'nSynchroni zing...\n");
synchroni ze( SLAVE, SENSOR _PORT, M MASK, S MASK);
br eak;
case Ox1B:/* <ESC */
v_nove( MASTER, 0.0, ACCEL); /* Stop the master */
while (!notion_done( MASTER))
endl i nk( SLAVE) ;
done = TRUE;
br eak;
}
}
}
return O;
=~
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Isint.c

Link synch using I/O sensors in interrupt routine

2-108

Isint.c
Link synch using I/O sensorsin interrupt routine

Electronic Gearing

/* LSINT.C
:Li nk synchroni zati on based on I/O sensors in an interrupt routine.

This sample link's 2 axes together and conmands a velocity nmove on the master axis. Then the DSP
is configured to interrupt the host CPU every sanple. The "delta" distance and current |ink
"ratio" are displayed. The axes are synchroni zed based on keyboard input.

The interrupt routine is as follows:

1) Read the sensor inputs (for simulation purposes, read the index inputs)
2) Read the 16 bit encoder inputs and update the 32 bit software position
3) Deternine the positions at the sensors

4) If "sync_flag" is TRUE, synchronize the axes

Here is the synchronization algorithm

1) Determine the slave positions at the sensors
2) Check if the sync_flag is enabl ed
3) Check if the sync tiner has expired
4) Calcul ate the delta di stance between sensor positions
5) If the delta has changed and is larger than the deadband, then cal cul ate
a new link ratio:
ratio = initial _ratio + (delta * P_RATIO;
6) Convert the newlink ratio to 16 bit whole, 16 bit fractional
7) Download a frame to set the newlink ratio

The link ratio is calcul ated based on the slave's "delta" distance between the naster sensor and
the slave sensor. Then the delta is nmultiplied by the proportional term P_RATIO

The link ratio is represented as a 32 bit signed value. The upper 16 bits represent the whole
portion and the lower 16 bits represent the fractional portion.

There are several paranmeters to control the response of the synchronization algorithmthat depend
on the mechani cal system

RATI O - Initial link ratio (floating point)
M N_RATI O - Mnimumlink ratio boundary (16 bit whole, 16 bit fractional)
MAX_RATI O - Maxi mum link ratio boundary (16 bit whole, 16 bit fractional)
P_RATI O - Proportional termfor synchronization response,

(16 bit whole, 16 bit fractional)
SYNC_DELAY - Nunmber of sanples to delay before next link ratio update
MAX_DI ST - Di stance between sensors on slave axis
DEADBAND - Maxi mum t ol erance between master and sl ave synchronization

When programing with interrupt routines, make sure to define CRITICAL and ENDCRI TI CAL. These are
located inidsp.h. CRITICAL is used to disable interrupts and ENDCRI TI CAL re-enabl es interrupts.
This is very inportant! Interrupts during conmmunication can cause strange problens.

If you are using a Borland C conpiler (3.1 or greater), then CRI TI CAL and ENDCRI Tl CAL are defined
for you.

When conpiling code with an interrupt routine, turn stack checking off.

If you nodify dsp_interrupt(...), watch out for floating point operations, npbst conpilers do not
support them Also, MEl's standard function library is not supported inside interrupt routines.

Witten for Borland and M crosoft conpilers.
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VMr ni ng
your application

requires

Witten for Version 2.5

*/

/* Revision Control

*/

$Sour ce$
$Revi si on$
$Dat e$

$Log$

i nclude <stdio. h>
include <stdlib.h>
i nclude <dos. h>

i ncl ude <coni o. h>

This is a sanpl e programto assi st
It may not contain al

System | nformati on

in the integration of the DSP-Series controller with
of the logic and safety features that your application

HHHHH

defi
defi
defi

H* H H*

defi
defi
defi
defi

HHHH

defi
defi
defi
defi

H* R

# defi

defi
defi
defi

H* H H*

defi
defi
defi
defi
defi

H O HH

intl6

ne
ne
ne

ne
ne
ne
ne

ne
ne
ne
ne

ne

ne
ne
ne

ne
ne
ne
ne
ne

include "idsp.h"

R 8259 EQI
R _8259_| MR
EQ

MASTER 0
SLAVE 1
VELCOCI TY 700.0
ACCEL 4000. 0

RATI O

M N_RATI O
MAX_RATI O
P_RATI O

©NOE
coo

SYNC_DELAY 20

MAX_DI ST
HALF_MAX_DI ST
DEADBAND

MAX_| O_PORTS
SENSCR_PORT
SENSOR_ADDR
M_MASK
S_MASK

encoder [ PCDSP_MAX_AXES] ,
act _vel oci t y[ PCDSP_MAX_AXES] ,
io_port[ MAX_| O PORTS],
sync_flag = 0,

whol e_rati o,

dir

unsi gned16
frac_ratio,
sync_cnt = SYNC_DELAY:

int32

0x20
0x21
0x20

8192

/* used to set the initial link */

/* proportional termfor synchronization
16 bit whole, 16 bit fractional */
/* nunmber of sanples to delay next update */

/* Slave di stance between sensors */

(MAX_DI ST / 2)

100

9
6
0x30
0x04
0x40

act _posi ti on[ PCOSP_MAX_AXES] ,
s_pos_0,
s_pos_1,
initial _ratio,
ratio,
mn_ratio,

§||
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/* Maxi mum tol erance */

/* 1/0O port with home/index inputs */
/* Address of honme input port */

/* Master sensor mask */

/* Slave sensor mask */

/* encoder counts */
/* counts per sanple */
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Isint.c

Link synch using I/O sensors in interrupt routine

2-110

max_rati o,
del t a;

typedef void (interrupt * | NTERRUPT_HANDLER) ();
| NTERRUPT_HANDLER ol d_handl er = NULL;
static intl6 inr, interrupt_nunber = 5;/* IRQ5 */

static int16 Read_DSP(unsigned addr)

}

out pw( dspPtr - >addr ess, addr | 0x8000);
return(i npw(dspPtr->data));

static void Wite_DSP(unsigned addr, intl16 dm

}

out pw( dspPtr - >addr ess, addr | 0x8000);
out pw(dspPtr->data, dm;

static intl1l6 set_dsp_irq(intl6 axis, intl6 enable)

}

int16 addr1, addr2;

intl6 vi, v2 ;
addr1l = dspPtr->global _data + axis + GD_SI ZE; /* irq_count */
addr2 = addrl1 + dspPtr->axes; /* ack_count */

vl = Read_DSP(addr1l);
v2 = Read_DSP(addr?2);

if (enable)

Wite DSP(addr2, v1i + 1); /* DSP generate interrupts every sample */
el se

Wite_ DSP(addr2, vi1); /* set ack_count = irg_count */

return (vl - v2);

void link_frame(int16 slave_axis, intl6 whole, unsignedl6 frac)

{

FRAME frame;
DSP_DM addr = dspPtr->data_struct + DS(slave_axis) + DS _RATIO buffer[2];

buf f er[ 0]
buffer[1]

= frac;

= whol e;

dsp_nove_frame(& rame, slave_axis, M-_MWE, addr, M-_DATA AREA
M-_DATA_AREA, 2, buffer);

H |

—
-
tion Engineering, Inc.



CODE EXAMPLES

void _far interrupt dsp_interrupt()

H |

intl6 axis, new_enc;
int32 new delta;

di sabl e();

i o_port[ SENSOR_PORT] = Read_DSP( SENSOR_ADDR) ; /* read the index inputs */
for (axis = 0; axis < PCDSP_MAX_AXES; axis++)

{ new_enc = Read_DSP(ENCODER 0 + axis);

act _vel ocity[axis] = new_enc - encoder[axis];
act _position[axis] += act_vel ocity[axis];

encoder[ axi s] = new_enc;

}

if (io_port[SENSOR PORT] & M MASK) /* Master index pulse */
S_pos_0 = act_position[ SLAVE];

if (io_port[SENSOR PORT] & S_MASK) /* Slave index pul se */

S_pos_1 = act_position[ SLAVE];
if (sync_flag)
{

if (!'sync_cnt)

new delta = s_pos_1 - s_pos_0;
new del ta % MAX_DI ST;

if (new delta != delta)
{
delta = new del ta;
if (delta > 0)
dir = 1;
el se
dir = -1;
if ((delta * dir) > DEADBAND)
{
if ((dir * delta) < HALF_MAX DI ST)
ratio = initial _ratio + (delta * P_RATIO;
el se
ratio = initial_ratio - (delta * P_RATIO;
}
el se
ratio = initial _ratio;
if (ratio > max_ratio)
ratio = max_ratio;
if (ratio < min_ratio)
ratio = min_ratio;
whole_ratio = (intl6)(ratio >> 16);
frac_ratio = (unsignedl6)(rati o & OXFFFF);
link_frame(SLAVE, whole_ratio, frac_ratio);
sync_cnt = SYNC_DELAY; /* reset sync count down */
}
}
el se
sync_cnt--;

}
out p(R_8259_EA, EQ);

tion Engineering, Inc.
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voi d renove_handl er (voi d)

_disable() ;

_dos_setvect (i nterrupt_nunber + 8, old_handler) ;
outp(R 8259 _IMR, inr) ;

outp(R_8259_EQ, EQ) ;

_enable() ;

}

voi d install_dsp_handl er(int16 intno)

Isint.c

int1l6 new_inr;

i nterrupt_nunber = intno ;
ol d_handl er = _dos_getvect (i nterrupt_nunber + 8) ;
inmr = inp(R_8259_IMR) ;

atexit(renove_handl er) ;

new inr = im & ~(1 << interrupt_nunber) ;
_disable() ;

_dos_setvect (i nterrupt_nunber + 8, dsp_interrupt) ;
out p(R_8259_I MR, new_.inr) ;

outp(R_8259_EQ, EQ) ;

_enable() ;

}

void error(intl6 error_code)

char buffer[ MAX_ERROR_LEN ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
break ;

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1);
br eak;
}
}

void initialize(void)

{
int1l6 axis, error_code;
double x, src, w, f;

error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

/* This is really only needed for code that doesn't do a dsp_reset. */
for (axis = 0; axis < PCDSP_MAX_AXES; axis++)
{ get _position(axis, &x);

act _position[axis] = (long)x;

encoder[axis] = dsp_encoder (axis);

Link synch using I/O sensors in interrupt routine

}

set _home_i ndex_confi g( MASTER, | NDEX_ONLY) ; /* use index for sinulation */
set _home_i ndex_confi g( SLAVE, | NDEX_ON\LY);

nmei _| i nk( MASTER, SLAVE, RATIO, LINK_ACTUAL);
v_nove( MASTER, VELCCITY, ACCEL); /* sinulate naster */

2-112 =
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/* Convert link ratio fromfloating point to fixed point format,
16 bit signed whole, 16 bit unsigned fractional */

initial _ratio = ratio = (int32) (RATIO * SFRACTI ONS_PER_COUNT) ;

mn_ratio = (int32) (M N_RATI O * SFRACTI ONS_PER_CQOUNT) ;

max_ratio = (int32) (MAX_RATIO * SFRACTI ONS_PER_COUNT) ;

printf("\nlnitial Ratio: %d\n", initial _ratio);

instal | _dsp_handl er (i nterrupt_nunber);

init_io(2, 10 OJTPUT); /* PCinterrupt bit is located on port 2 */
reset _bit(23); /* enable interrupts */
set _dsp_irq(0, TRUE); /* interrupt host CPU every sanple */
}
int16 main()
intl16 key, done = O;
initialize();
printf("\ns=turn synchronize on/off, esc=quit\n");
whil e (!done)
printf("Delta: 8l d Sync: %dd Wol e: Ox%4x Frac: Ox%x\r",
delta, sync_flag, whole_ratio, frac_ratio);
if (kbhit())/* key pressed? */
{ key = getch();
switch (key)
{
case 's': /* Turn on/off synchronization */
if (sync_flag)
sync_flag = 0;
el se
sync_flag = 1;
br eak;
case Ox1B:/* <ESC */
v_nove( MASTER, 0.0, ACCEL); /* Stop the master */
done = TRUE;
br eak;
}
}
b :
while (!notion_done( MASTER))
endl i nk( SLAVE) ;
set _bit(23); /* disable interrupts */
set _dsp_irq(0, FALSE); /* turn off interrupts */
return O;
}
==~
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CODE EXAMPLES

masync.c

Multi-axis synchronized motion

2-114

masync.c
Multi-axis synchronized motion

Synchronized Motion

/* MASYNC. C
:Miltiple axis synchronized notion

Thi s code denonstrates how to generate sequences of multiple axis S-Curve profile notion. The
execution of the profiles are synchronized so that all of the axes start in the same sanple

The steps are
1) Set the DSP's gate flag for each axis
2) Downl oad the profiles
Be sure to turn on the Hold flag in the first frame of each sequence
Al so, load a dwell frame and an end sequence frame on axes that are not commanded to nove
3) Reset the DSP's gate flag for each axis.
The frames will execute.
4) Wit for the dwell frame and end sequence franes to execute (about 2 sanpl es)
5) Downl oad the next frame sequence for each axis
6) Wait for the previous notion to conplete
7) Reset the DSP's gate flag for each axis.
The next frame sequences w |l execute.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

*/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$

*/

# include <stdio. h>

# include <stdlib.h>

# include "pcdsp. h"

# include "idsp.h"

doubl e
pos[] = {50000. 0, 60000.0, 85000.0, 90000},
vel[] = {4000.0, 4000.0, 4000.0, 4000.0},
accel [] = {16000.0, 16000.0, 16000.0, 16000. 0},
jerk[] = {100000.0, 100000.0, 100000.0, 100000.0};

—
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void error(intl6 error_code)
char buffer[ MAX_ERROR LEN] ;

switch (error_code)

2oufsew

{
case DSP_CK:
/* No error, so we can ignore it. */
break ;
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1l);
br eak;
}
}
void display(intl6 n_axes, intl6 * map)
intl6 i;
doubl e cnd;
for (i = 0; i < n_axes; i++)

{
get _command(map[i], &cnd);
printf("%l: 9%0.0lf ", map[i], cnd);

}
printf("\r");

}
int16 seq_done(int16 n_axes, intl1l6 mask, intl1l6 * map)

intlé i, axis;

/* Check if the frame sequence on the non-notion axes is conpl eted. <
This check is required before calling set_gates(...) to guarantee c
the synchronization of the axes. =

* é

for (i = 0; i < n_axes; i++) 7

{ g
axis = map[i]; a
if ((~mask & (1 << axis)) && (!notion_done(axis))) =

return O; o

} =)

return 1, N

} 8
int16 noving(intl6 n_axes, intl6 * map) g_

intl6 i; g

for (i = 0; i < n_axes; i++)

{
if (in_motion(map[i]))

return 1;
}
return O;
}
o o — 2-115
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intl6 multi_s_nove(intl6 n_axes, intl16 mask, intl6 * map)

Q
(&) intlé axis, i;
c
%‘ set _gat es(n_axes, map); /* prevent franes from executing */
e for (i = 0; i < n_axes; i++)
{

axis = map[i];

if (mask & (1 << axis))
start_s_nove(axis, pos[i], vel[i], accel[i], jerk[i]);

el se

{ /* Turn on the Hold bit in the first frame */
dsp_control (axis, FCTL_HOLD, TRUE);
dsp_dwel | (axis, 0.0); /* one sanpl e delay */
dsp_control (axis, FCTL_HOLD, FALSE);
dsp_end_sequence(axi s);

}

/* Wait for the previous notion to conplete before starting this one */
whi |l e (novi ng(n_axes, map))
di spl ay(n_axes, nap);

reset _gates(n_axes, map);/* ready, set, go! */

return O;
}
int16 main()
intl6 error_code, n_axes, axis_mask, axes[] = {0, 1, 2, 3};
c error_code = do_dsp(); /* initialize communication with the controller */
g error(error_code); /* any problens initializing? */
g error(dsp_reset()); /* hardware reset */
8 n_axes = (sizeof(axes) / sizeof(int16));
N
c axis_mask = 3; /* axes 0 and 1 */
9 mul ti _s_move(n_axes, axis_nmask, axes);
% whil e (!seq_done(n_axes, axis_mask, axes))
% ;
0 axis_mask = 1; /* axis 0 */
% pos[ 0] = 110000. 0;
) mul ti _s_move(n_axes, axis_nmask, axes);
= whil e (!seq_done(n_axes, axis_mask, axes))
= ;
=
axi s_mask = 3; /* axes 0 and 1 */
pos[0] = 0.0;
pos[1] = 0.0;
mul ti _s_nove(n_axes, axis_nask, axes);
whil e (!seq_done(n_axes, axis_mask, axes))
whi Iye (rmovi ng(n_axes, axes))
di spl ay(n_axes, axes);
return O;
}
2-116 =
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minthnd.c
Multi-board interrupt support

Interrupt Handling

/* M NTHND. C
:Sanmpl e code for Multi-Board Interrupt Support under DOCS.

This code denpnstrates how to handl e interrupts generated frommultiple DSP-Series controllers
Sharing interrupts requires an external pull-up resistor on the IRQline. The |latest revisions of
the surface nmount controllers have this resistor. The PC/ DSP does not have this resistor

When programing with interrupt routines, make sure to define CRITI CAL and ENDCRI TI CAL. These are
located inidsp.h. CRITICAL is used to disable interrupts and ENDCRI TI CAL re-enabl es interrupts
This is very inportant! Interrupts during conmunication can cause strange problens.

If you are using a Borland C conpiler (3.1 or greater), then CRI TI CAL and ENDCRI Tl CAL are defined
for you.

When conpiling code with an interrupt routine, turn stack checking off.

If you nodify dsp_interrupt(...), watch out for floating point operations, npbst conpilers do not
support them Also, MEl's standard function library is not supported inside interrupt routines

Witten for Borland and M crosoft conpilers

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

ncl ude <stdio. h>
ncl ude <stdlib. h>
ncl ude <dos. h>
ncl ude <conio. h>
ncl ude "idsp. h"

i
i
i
i
i
i ncl ude "mboard. h"

HoHHHHH

define R 8259 _EQ 0x20
define R 8259 _IMR 0x21
define EOQ 0x20
define EF_NONE (-1)
define DATA STRUCT(dsp, axis, offset)((dsp)->data_struct + (DS_SIZE * (axis)) + offset)

HHHFHHE

typedef void (interrupt * | NTERRUPT_HANDLER) ()

int16 set_board(int16 boardno);

static intl1l6 Read_DSP(unsi gned addr);

static void Wite_DSP(unsigned addr, intl6 dn;
voi d install _dsp_handl er(int1l6 intno);

typedef void (interrupt * | NTERRUPT_HANDLER) ()
| NTERRUPT_HANDLER ol d_handl er = NULL

—
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CODE EXAMPLES

minthnd.c

Multi-board interrupt support

2-118

static intl16 inr, interrupt_nunber;

# define BOARDS 3

int16 board = 0;
extern intl6 Boards;

typedef intl6 | _LIST [ PCDOSP_NMAX_AXES] ;
| _LIST
axis_interrupt_list[BOARDS];

intl6 * axis_interrupts;
int16 io_interrupts[ BOARDS];

static intl1l6 inc_acks(intl6 axis)

int1l6 addr1, addr2;
intl6 v1, v2 ;

addr1l = dspPtr->global _data + axis + GD_SI ZE;
addr2 = addr1 + dspPtr->axes;

vl = Read_DSP(addr1l);

v2 Read_DSP( addr 2) ;

if (vl !=v2)

return (vl - v2);

}

void _far interrupt dsp_interrupt()
intle i, I, m
_disable();
m = board;

for (I =0; |
{

< Boards; | ++)

set _board(l);

/* irq_count */
/* ack_count */

/* |s the DSP generating interrupts? */
Wite DSP(addr2,vl);/* set ack_count = irg_count */

/* 1Is the interrupt caused by the DSP |/ O nonitoring? */
i f (Read_DSP((Read_DSP(DM | O BLOCK)) + | O CHANGE))
{

io_interrupts[l]++;
/* Clear the /O nonitoring flag. */
W ite_DSP((Read_DSP(DM | O BLOCK)

}
for (i =0; i < PCDSP_MAX_AXES; i ++)
if (inc_acks(i))
{
axis_interrupts[i]++;
}
}

}

set _board(n);

out p(R 8259 EO, EQ);

+ 1 O_CHANGE), 0);

H |
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voi d renpve_handl er (voi d)

_disable() ;

_dos_setvect (i nterrupt_nunber + 8, old_handler) ;
outp(R 8259 _IMR, inr) ;

outp(R_8259_EQ, EQ) ;

_enable() ;

}

void install _dsp_handl er(int16 intno)
intl6 new.inr;

i nterrupt_nunber = intno ;
ol d_handl er = _dos_getvect (i nterrupt_nunber + 8)
inm = inp(R_8259_IMR) ;

atexit(renove_handl er) ;

new im =im & ~(1 << interrupt_nunber) ;
_disable() ;

_dos_setvect (i nterrupt_nunber + 8, dsp_interrupt)
out p(R_8259_I MR, new_inr) ;

outp(R_8259_EQ, EQ) ;

_enable() ;
}
intl16 dsp_irg_frane(intl6 axis)
{
FRAME frane ;
frame_cl ear (& rame) ;
if (frame_all ocate(&frame, dspPtr, axis))
return dsp_error ;
frame.f.control |= FCTL_I NTERRUPT ;
return frame_downl oad(&f rane) ;
}
int16 set_board(int16 boardno)
{
board = boardno;
axis_interrupts = axis_interrupt_list[board];
return mboard(boardno);
}

static int16 Read_DSP(unsigned addr)

{ outpw(dspPtr->address, addr | 0x8000);
return(i npw(dspPtr->data));

}

static void Wite_DSP(unsigned addr, intl16 dm
{

out pw( dspPtr - >addr ess, addr | 0x8000);

out pw( dspPtr - >dat a, dn) ;
}

—
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CODE EXAMPLES

mtask.c

Multi-tasking under WIinNT

2-120

mtask.c
Multi-tasking under WinNT

Windows NT

/* MIASK. C
Ml ti-tasking under W ndows NT.
This sanpl e denonstrates how to create nultiple threads under W ndows NT.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires.

Witten for Version 2.5
*/

#i ncl ude <w ndows. h>
#i ncl ude <wi nioctl.h>
#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>
#i ncl ude <conio. h>

#i nclude "idsp.h"

#i f def MEI _MSVC20 /* support for Mcrosoft Visual C/ C++ ver 2.0 */

# include "nmedexp.h" /* prototypes for access to DLL's internal data */
#endi f

#i f def MElI _MSVC4A0 /* support for Mcrosoft Visual C/ C++ ver 4.0 */

# include "nmedexp.h" /* prototypes for access to DLL's internal data */
#endi f

#defi ne SEM_MAXI MUM_USAGE 1L

#defi ne SEM | NI TI AL_SI GNALED 1L

#defi ne SEM_I NI TI AL_NON_SI GNALED oL

#defi ne SEM | NCREMENT 1L

#defi ne THREAD_STACK_SI ZE 0

#define  THREAD_CREATI ON_FLAGS 0

#define  EXI T_CODE_OK 0

/* dobals */

HANDLE MEl _ SEMAPHORE; /* Handle to library semaphore */

HANDLE hTasks[ 2] ; /* Handles to each created task */

intl6 port =0, io

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
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/* Create the semaphore object. This semaphore will allow access to the

MEl library for one task at tine. Al other tasks will wait on the

semaphore until it is available. The initial state of the semaphore

is signaled. */
HANDLE cr eat e_MEl _senmaphor e(voi d)
{ return CreateSemaphore(NULL, SEM | NI TI AL_SI GNALED,
SEM _MAXI MUM_USACE, "MEl _semaphore");
}

/* Term nate the senmaphore object */
int16 kill _MEl _senaphor e( HANDLE sem)
{ return (intl16)C oseHandl e(sem;

}

/* Wait for the semaphore to be signaled and set the semaphore to a
non-signal ed state */

int16 get_MEl _senmaphor e( HANDLE sem

{ return (int16)WitForSingleObject(sem |NFIN TE);

}

/* Rel ease the semaphore by increnenting it to a signaled state */
int16 rel ease_MEl _semaphor e( HANDLE sem)

{ return Rel easeSemaphore(sem SEM | NCREMENT, NULL);

}

voi d MEl _notion_task(void *args)
{ intl6 axis = O;
whi | e(1)
{ get _MEl _senmaphor e( MEI _SEMAPHORE) ;
i f(notion_done(axis))
start_nove(axis, 10000.0, 10000.0, 100000.0);
i f(notion_done(axis))
start_nove(axis, 0.0, 10000.0, 100000.0);
rel ease_MElI _senaphor e( MEl _SEVMAPHORE) ;
}
}

void MEl _io_task(void *args)

whi | e(1)
{ get _MEl _senmaphor e( MEI _SEMAPHORE) ;
get _io(port, & 0);
rel ease_MEl _semaphor e( MEI _SEMAPHORE) ;

—
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mtask.c

Multi-tasking under WIinNT

2-122

int main()
{ wunsigned long Threadld[2], i;
intl6 error_code;

MElI _SEMAPHORE = create_MEl _semaphore();

error_code = do_dsp(); /* initialize comrunication with the controller
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

init_io(PORT_A, 10_INPUT); /* initialize I/O port for inputs */

/* create thread
default security descriptor, default stack size (sane as creating thread)*/

hTasks[0] = CreateThread(NULL, THREAD STACK S| ZE,
(LPTHREAD_START_ROUTI NE) MEI _not i on_t ask, NULL,
THREAD CREATI ON_FLAGS, &Threadl d[0]):

hTasks[1] = CreateThread(NULL, THREAD STACK Sl ZE,
(LPTHREAD_START_ROUTI NE) MEI _i 0_t ask, NULL,
THREAD CREATI ON_FLAGS, &Threadid[1]);

whi | e(!kbhit())
printf("Port %\t value: %id\r", port, i0);
getch();
for(i =0; i < 2; i++)
{ Ter mi nat eThread( hTasks[i], EXI T_CODE _K);
Cl oseHandl e(hTasks[i]);

}
ki Il _MEl _semaphor e( MEI _SEMAPHORE) ;
return O;

*/

s
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oscdatal.c
SERCOS: Oscilloscope data acquisition with Indramat drive

SERCOS

/* OSCDATAL. C
:Cscil |l oscope data acquisition with a SERCOS | ndramat drive

Thi s sanpl e denonstrates how to configure a SERCOS | ndramat drive to acquire data sanples withits
oscill oscope functions. The Indramat drive can be configured to capture a specified buffer of
data. Data can be position, velocity, or torque infornation. Data collection can be triggered
externally or internally. Also, trigger offsets and delays can be specified. For nore inforna-
tion regarding the oscilloscope functions, please consult the Indramat drive docunentation

Be sure to initialize the SERCOS ring with serc_reset(...) before reading/witing to the |DNs.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Mtion Library Version 2.5
*
/

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <coni o. h>
#i ncl ude "pcdsp. h"
#i nclude "idsp.h"
#i ncl ude "sercos. h"

#i f def MElI _MSVC20 /* support for Mcrosoft Visual C/ C++ ver 2.0 */

# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f

#i f def MElI _MSVC40 /* support for Mcrosoft Visual C C++ ver 4.0 */

# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f

#define PIDN 32768 /* drive specific IDNs */

unsi gned16 dat a[ 2048] ;

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN ;

switch (error_code)

{
case DSP_X:

/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;

-
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CODE EXAMPLES

oscdatal.c

SERCOS Oscilloscope data acquisition with Indramat drive

2-124

{

int main()
intl6 i, error_code, n_words;
| ong val ue;

unsi gned16 channel

error_code = do_dsp();
error(error_code); /* any problens initializing? */

/* Configure Gscilloscope data | ogging

0 no signal feedback

1 : position feedback

2 : velocity feedback

3 : velocity deviation

4 : position deviation

5 : torque conmmand val ue
*/
error(set_idn(0, 23 + PIDN, 1));
error(set_idn(0, 25 + PIDN, 2)); /* use internal triggering */
error(set_idn(0, 26 + PIDN, 1)); /* trigger with position feedback */
error(set_idn(0, 27 + PIDN, OL)); /* trigger at position zero */
error(set_idn(0, 30 + PIDN, 3)); /* trigger in pos/neg direction */
error(set_idn(0, 31 + PIDN, 250)); /* acquire at 250 microsec intervals */
error(set_idn(0, 32 + PIDN, 512)); /* memory allocation */
error(set_idn(0, 33 + PIDN, 2)); /* trigger sanple delay */
error(set_idn(0, 36 + PIDN, 0x7)); /* start */

while (!kbhit())

{ error(get_idn(0, 37 + PIDN, &value)); /* read status */
printf("\rVal ue: Ox%", val ue);

}

getch();

channel =dspPt r - >ser cdat a[ 0] . channel
read_i dn(channel, 21 + PIDN, & _words, data, TRUE); /* read data */

printf("\nn_words: %", n_words);

for (i = 0; i < n_words; i++)
printf("\nSanple: %d Value: %", i, datafi])
return O

/* initialize conmunication with the controller */

H |
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p3cfg.c
Reconfigure Dedicated 1/0 (axes 4-7) as User 1/O

26)oed

[/O Configurations

/* P3CFG C
:Reconfigure Dedicated |I/O (axes 4-7) as User 1/0

Thi s sanpl e denonstrates how to reconfigure the dedicated I/O for axes 4-7 as User 1/O  The DSP
configures the 1/0 based on the nunber of firmwvare axes. Each axis uses 2 outputs and 4 inputs as
dedicated 1/0O Normally, Header P2 is used as dedicated |I/O for axes 0-3 and P3 is used as dedi -
cated |/ O for axes 4-7

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*
/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i ncl ude <stdio. h>
include <stdlib.h>
i ncl ude "pcdsp. h"
include "idsp.h"

H* HH

void error(int error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
br eak

defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code)
exit(1l);
br eak;

O/l BsN Se (- saxe) O/| peredipag a4nbyuodsy
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p3cfg.c

Reconfigure Dedicated 1/0 (axes 4-7) as User 1/O

2-126

int16 main()

intl6 error_code, axis, addr;

error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */

/* Prevent DSP from accessing Dedicated |/O (axes 4-7) */
for (axis = 4; axis < 8; axis++)

{

addr = dspPtr->e_dat a+ED( axi s) +ED_STATUS_PORT;

dsp_write_dm(addr, 0x95); /* redirect DSP to unused nenory */

set _index_required(axis, FALSE); /* di sabl e hone and index logic */
return O;

H |
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pidchng.c
Change PID filter params when error limit is exceeded

PID Filter

/* PI DCHNG. C
:Change the PID filter paraneters when the error linit is exceeded.

This sanple denonstrates how to use a frane to update the PID filter paranmeters when an axis'
error limt is exceeded. The error limt is configured to generate a New Frame Event. Then the
frame buffer is loaded with a very long dwell frame and a dsp_set_filter(...) frame. \When the
error limt is exceeded, the DSP will throw out the dwell frame and execute the

dsp_set _filter(...) frame.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude "pcdsp. h"

HHHH

# define AXIS 0

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;
switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak
defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
}
}
==~
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pidchng.c

Change PID filter params when error limit is exceeded

2-128

voi d display(intl6 axis)

int16 coeffs[ COEFFI Cl ENTS];
doubl e error;

while (!kbhit())
{ get _error(axis, &error);
get _filter(axis, coeffs);
printf("Error: 9.0lf P: 9%d\r", error, coeffs[0]);

}
getch();
}

int16 main()

intl6
error_code,
pi d_coef f s[ COEFFI Cl ENTS] ,
sof t _coef fs[ COEFFI Cl ENTS] = {80, 7, 300, 0, 0, 32767, 29, 32767,

-9},

error_code = do_dsp(); /* initialize communication with the controller */

error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

get_filter(AXI'S, pid_coeffs);
set_error_limt(AXIS, 300.0, NEW FRAME);

dsp_dwel | (AXI'S, 1000000.0); /* DSP wait for error

dsp_set _filter(AXl'S, soft_coeffs); /* DSP
di spl ay(AXI S);

return O;

limt */

change filter params */
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pvt4.c
Generate multi-axis coord motion profile using frames

Host Motion Profile Trajectory Calculation

/* PVT4.C
:Generate a nulti-axis coordinated nmotion profile using franes.

This sanple shows how to update jerk, acceleration, velocity, and position at specified tines
usi ng franes.

Each frame is a 20 word structure that contains informati on about the notion trajectory. Every
sanpl e, the DSP's cal cul ates an axis' comrand position based on the jerk, acceleration, and vel oc-
ity values. The franes are used to |load the values for the jerk, acceleration, velocity, and/or
conmand position

The franes are stored in an on-board buffer. The buffer can hold a nmaxi rum of 600 frames. The
DSP executes each frame and then releases it back to the "free list".

Here are the steps to generate a nulti-axis coordinated notion profile. The downl oading of the
frames is based on a variable called frane_i ndex

frame_i ndex == FI RST_FRAME
1) Set the gate flag for each axis to prevent the frames from executing
2) Download the first frane for each axis. Be sure to set the control word
to enable the hold bit and check frames. Al so, set the action for check
frames. The check franes will cause the DSP to generate an E-Stop if a
valid next frame does not exist.
3) Reset the gate flag(s) to start the frane execution

frame_i ndex == M D_FRAME
1) Downl oad the next frame in the list. Be sure to set the control word to
enabl e check frames and set the action for check franes

frame_i ndex == LAST_FRAME
1) Download the last franme. Be sure to set the action word to O (to clear the
i n_sequence fl ag).

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
i ncl ude <coni o. h>
i ncl ude <dos. h>
include <stdlib.h>
i ncl ude <mat h. h>

i ncl ude "pcdsp. h"
include "idsp.h"

HHHHH R
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pvt4.c

Generate multi-axis coord motion profile using frames
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# define BUFFER_SI ZE 300 /* nunber of frames */
# define MAX_PO NTS 4

# define ACCEL 1000.0 /* counts per sec * sec */

# define TIME 10.0 /* time between franmes (seconds) */

define FI RST_FRAME 0
define M D_FRAME 1
define LAST_FRAME 2

H* H H*

doubl e x[ MAX_POINTS], v[MAX_PO NTS], a[ MAX_POI NTS], j[MAX_ PO NTS];

intl6
franme_i ndex = LAST_FRAME
map[] = {0, 1},
axes = (sizeof (map) / sizeof (intl16))

void error(intl6 error_code)

{
char buff er [ MAX_ERROR LEN| ;

switch (error_code)

{
case DSP_X:
/* No error, so we can ignore it. */
br eak
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
}
}
int16 end_of _motion(intl6 axes, intl6 * map)
intl6 i;
for(i = 0; i < axes; i++)

i f(!motion_done(nmap[il))

return 0

}

return 1
}
voi d display(intl6 axes, int1l6 * map)
{

intl6 i;

doubl e cnd;

for(i = 0; i < axes; i++)

{

get _command(map[i], &cnd);
printf("%l:98.01f ", map[i], crd);

}

printf("\r");
}

H |
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int16 | oad_franmes(double * cnd, double * vel, double * acc, double * jerk,
doubl e tine)

{
intl6 i;
FRAME frane;
if (fifo_space() < BUFFER_SI ZE) /* |I's there enough space? */
return 1;
if (frame_i ndex == Fl RST_FRAME)
frame_i ndex = M D_FRAME;
if (frame_i ndex == LAST_FRAME)
frame_i ndex = FI RST_FRAME;
for (i =0; i < axes; i++)
{ if ((vel[i] == 0.0) & (acc[i] == 0.0) && (jerk[i] == 0.0))
frame_i ndex = LAST_FRAME;
}
switch (frame_i ndex)
{
case FlI RST_FRAME:
{
for (i = 0; i < axes; i++)
{ set_gate(nap[i]);
frame_m( & rame, "0 | xvajt cund", map[i], cmd[i], vel[i],
acc[i], jerk[i], time, FCTL_DEFAULT | FCTL_HOLD | 0x16,
FUPD_POSI TION | FUPD_VELOCITY | FUPD_ACCEL | FUPD_JERK |
FTRG Tl ME, CHECK_FRAMES) ;

}

reset _gat es(axes, nap); /* ready, set, go! */

br eak;

}
case M D_FRAME:
{
for (i =0; i < axes; i++)
frame_m( & rame, "0 | xvajt cund", map[i], cmd[i], vel[i],
acc[i], jerk[i], time, FCTL_DEFAULT | 0x16, FUPD_PGCSI Tl ON |
FUPD_VELCCI TY | FUPD_ACCEL | FUPD_JERK | FTRG_TI ME,
CHECK_FRAMES) ;
br eak;
}
case LAST_FRAME:
{

for (i =0; i < axes; i++)

{ frame_m & rame, "0 | xvajt cund", map[i], cmd[i], vel[i],
acc[i], jerk[i], (1.0 / dsp_sanple_rate()), FCTL_DEFAULT |
0x16, FUPD_PCSI TION | FUPD_VELOCCITY | FUPD_ACCEL |
FUPD_JERK | FTRG TI Mg, 0);

/* set the last command position variable */
dsp_set_| ast_command(dspPtr, map[i], cnd[i]);

}

br eak;

}
}
return O;
}
=="

s
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voi d | oad_points(intl16 n_points, double * x, double * v, double * a, double * j,
doubl e tine)

{
intlé i, p =0, axis;
doubl e
cnd_[ PCDSP_MAX_AXES] ,
vel _[ PCDSP_MAX_AXES] ,
acc_[ PCDSP_MAX_AXES] ,
j erk_[ PCDSP_NMAX_AXES] ;

pvt4.c

while (p < n_points)

{
for (i =0; i < axes; i++)
{ cmd_[i] = x[p];
vel _[i] = v[p];
acc_[i] = a[p];
jerk_[i] =jlpl;
}
if (load_franes(crmd_, vel _, acc_, jerk_, tinme))
di spl ay(axes, map);
el se
p++,
}
}
voi d cal c_poi nts(double * x, double * v, double * a, double * j, double tine)
intl6 i;
/* Calculate points to generate a sinple trapezoidal profile notion. */
j[0] =0.0;
a[ 0] = ACCEL;
v[0] = 0.0;
é x[0] = 0.0;
@ i[1] =10.0;
= a[1] = 0.0;
(@) v[1] = a[0] * ting;
'vcs x[1] = .5 * a[0] * time * tine;
: .
) if2] =0.0;
= a[2] = (-ACCEL);
o v[2] = v[1];
o x[2] = x[1] + (v[1] * time);
c
i) j[3] =0.0;
ks a[3] = 0.0;
g v[3] = 0.0;
o) X[3] =x[2] - (.5 * a[2] * tinme * tinme);
P
o
8 for (i = 0; i < MAX_PONTS; i++)
Py printf("\n% J:98.01f AY.Of V:uB.0lf X9B.0lf", i, j[i]l, a[i], v[i], x[i]);
= }
3
=
>
S
Q
@©
:
O
2-132 o o —

Motion Engineering, Inc.



CODE EXAMPLES

int16 main()

§||

intl16 error_code;
error_code = do_dsp();
error(dsp_reset()); /* hardware reset */
printf("\nCal culating points...");

calc_points(x, v, a, j, TIME);

printf("\ndone.\n");

printf("\nHt any key to nove...\n");

getch();

| oad_points(4, x, v, a, j, TIME);

whi | e(! end_of _noti on(axes, nap))
di spl ay(axes, map);

return O;

tion Engineering, Inc.

/* initialize communication with the controller */
error(error_code); /* any problens initializing? */
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pvub.c

Looping frame sequence to update positions & velocities
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pvus.c
L ooping frame sequence to update positions & velocities

Host Motion Profile Trajectory Generation

/* PVU5. C
:Loopi ng frane sequence to update positions and velocities every 'n' sanples.

Thi s sanpl e denonstrates how to update an axis' conmand vel ocity and conmand position very
qui ckly. The notion profile is generated one point ahead of the current notion. The points are
equal |y spaced in tine

First, a frane is downl oaded to each axis in the DSP's frame buffer. Then each frame's next
pointer is adjusted so that it points toitself. Each frame is then executed by the DSP every 'n
sanpl e(s) based on the trigger/update register. The last axis' frame is configured to generate an
interrupt to the host.

The comand velocity (16 bit whol e portion) and command position (32 bit whole portion) is updated
by witing directly to the frame with dsp_wite_dn(...).

The command velocity is based on 3 16-bit registers (whole, upper fractional, and | ower frac-
tional). The units of the whole part are in terns of encoder counts per sanple. The default sam
ple rate is 1250 sanpl es per second

The command position is based on 4 16-bit registers (upper whole, |ower whole, upper fractional
and |l ower fractional). The units of the whole part are in terns of encoder counts.

At the end of the point updates, E-Stop's are generated and all of the axes decelerate to a stop
Then the looping frames are cleared fromthe DSP's axis lists.

When programing with interrupt routines, make sure to define CRITICAL and ENDCRI TI CAL. These are
located inidsp.h. CRITICAL is used to disable interrupts and ENDCRI TI CAL re-enabl es interrupts
This is very inportant! Interrupts during conmmunication can cause strange problens.

If you are using a Borland C conpiler (3.1 or greater), then CRI TI CAL and ENDCRI Tl CAL are defined
for you.

When conpiling code with an interrupt routine, to turn stack checking off.

If you nodify dsp_interrupt(...), watch out for floating point operations, nmany conpilers do not
support them Also, MEl's standard function library is not supported inside interrupt routines

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Borland and M crosoft conpilers

Witten for Version 2.5
*/

/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

# include <stdio. h>
# include <conio. h>
# include <dos. h>

—
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CODE EXAMPLES

# include <stdlib. h>

# include <math. h>

# include "pcdsp. h"

# include "idsp.h"

# define PO NTS 1000

# define SAMPLE RATE 1250 /* sanpl es per second */
# defi ne NEXT_UPDATE 10 /* number of sanples for
/* Frane register offsets - registers are 16 bits */
# define CONTROL Ox1

# define TIME_O 0x2
# define TIME_1 0x3
# define JERK O ox4
# define JERK 1 0x5
# define JERK 2 0x6
# define ACCEL_O 0x7

# define ACCEL_1 0x8

# define ACCEL_2 0x9

# define VEL_O OXA

# define VEL_1 0xB

# define VEL_2 oxC

# define POSITION.O OxD
# define POSITION. 1 OxE
# define POSITION 2 OxF
# define POSITION. 3 0x10
# define TR G_UPDATE Ox11
# define ACTI ON 0x12
# define QUTPUT 0x13
# define R 8259_EO  0x20
# define R 8259 I MR 0x21
# define EQ 0x20
# define EF_NONE (-1)

# define | RQ_LINE 5

| ong whol e_pos[ PCDSP_MAX_AXES] = {0, O, 0, 0, 0, 0, O, O0};
int16 whol e_vel [ PCOSP_MAX AXES] = {1, -1, 1, -1, 1, 1, 1, 1};

int16 frame_addr[ PCDSP_NAX_AXES] ;
int16 whol e_vel _addr[ PCDSP_NMAX_AXES] ;
int16 whol e_pos_addr [ PCDSP_MAX_AXES] ;

typedef void (interrupt * | NTERRUPT_HANDLER) () ;

void install_dsp_handl er(int16 intno);

typedef void (interrupt * | NTERRUPT_HANDLER) ();
| NTERRUPT_HANDLER ol d_handl er = NULL;

static int1l6 inmr, interrupt_nunber;

int16 axis_interrupts[PCDSP_NMAX_AXES] ;
int16 update_flag = FALSE;

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
break ;

defaul t:
error_nsg(error_code, buffer) ;

fprintf(stderr, "ERROR % (%).\n", buffer, error_code)

—
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next update */

/* cts per sanple */
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exit(l);
br eak;
}
}

static int1l6 Read_DSP(unsi gned addr)
{ outpw(dspPtr->address, addr | 0x8000);
return(i npw(dspPtr->data));

pvub.c

static void Wite_DSP(unsigned addr, intl16 dm
out pw( dspPtr - >addr ess, addr | 0x8000);
out pw(dspPtr->data, dm;

}

static intl1l6 inc_acks(intl6 axis)

int16 addr1, addr2;

intl6 vi, v2 ;
addr1l = dspPtr->gl obal _data + axis + GD_SI ZE; /* irq_count */
addr2 = addrl1 + dspPtr->axes; /* ack_count */

vl = Read_DSP(addr1l);
v2 = Read_DSP(addr?2);

if (vl !'=v2) /* |'s the DSP generating interrupts? */
Wite_ DSP(addr2,vl);/* set ack_count = irqg_count */
return (vl - v2);

}

void _far interrupt dsp_interrupt()

intl6 i;
_disable();

/* Did an axis generate the interrupt? */
for (i = 0; i < PCDSP_MAX_AXES; i ++)

if (inc_acks(i))

{
axis_interrupts[i]++;
update_flag = TRUE;

out p(R_8259_EA, EQ);

voi d renove_handl er (voi d)

_disable() ;

_dos_setvect (i nterrupt_nunber + 8, old_handler) ;
outp(R 8259 _IMR, inT) ;

outp(R_8259_EQ, EQ) ;

_enable() ;

Looping frame sequence to update positions & velocities
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void install _dsp_handl er(int16 intno)
intl6 new.inr;

i nterrupt_nunber = intno ;
ol d_handl er = _dos_getvect (i nterrupt_nunber + 8) ;
inm = inp(R_8259_IMR) ;

atexit(renove_handl er) ;

new im =im & ~(1 << interrupt_nunber) ;
_disable() ;

_dos_setvect (interrupt_nunber + 8, dsp_interrupt) ;
out p(R_8259_I MR, new_inr) ;

outp(R_8259_EQ, EQ) ;

_enable() ;

int16 end_of _notion(intl6 n_axes, intl6 * axes)
intl6 i;

for(i = 0; i < n_axes; i++)

{ if(in_nmotion(axes[i]))
return O;

}

return 1;

}
voi d display(intl6 n_axes, intl6 * axes)

intl6 i;
doubl e cnd;

for(i = 0; i < n_axes; i++)
{
get _command(axes[i], &cnd);
printf("%l:98.01f ", axes[i], cnd);
}

printf("\r");
}

void init_loop_frames(int1l6 n_axes, intl6 * axes, DSP_DM update)
intl6 i, axis, addr, val ue;

for (i = 0; i < n_axes; i++)
{
axis = axes[i];
dsp_control (axis, FCTL_RELEASE, FALSE);
dsp_control (axis, FCTL_HOLD, TRUE);
set _gate(axis);

dsp_mar ker (axi s, &addr); /* download a frame to the DSP */
dsp_write_dnm(addr, addr); /* have the frame point to itself */

dsp_write_dm(addr + TIME_O, NEXT_UPDATE); /* time trigger */
dsp_write_dm(addr + TRI G_UPDATE, update);

frame_addr[i] = addr;
whol e_vel _addr[i] = addr + VEL_2;
whol e_pos_addr[i] = addr + POSI TI ON_2;

dsp_control (axis, FCTL_RELEASE, TRUE);
dsp_control (axis, FCTL_HOLD, FALSE);

}

/* Configure the last axis to generate interrupts to the host. */
addr = frane_addr[n_axes - 1] + CONTROL;
val ue = dsp_read_dm(addr);

—
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pvub.c

Looping frame sequence to update positions & velocities
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}

dsp_write_dnm(addr, value | FCTL_| NTERRUPT)

voi d update_franmes(intl1l6 n_axes, intl6 * axes, intl6 * vel

}

intl6 i;

i nt16 upper_pos, | ower_pos;
for (i = 0; i < n_axes; i++)
{

| ower _pos = OxFFFF & pos[i];

upper _pos = pos[i] >> 16
dsp_write_dm(whol e_vel _addr[i], vel[i]);
dsp_write_dm(whol e_pos_addr[i], | ower_pos)
dsp_write_dm(whol e_pos_addr[i] + 1, upper_pos)

reset _gates(n_axes, axes);/* ready, set, go! */

voi d downl oad_point(intl6 n_axes, intl6 * axes)

}

intl6 i;

I ong * pos)

/* Wait for the previous point to execute before calcul ating the next

point. Since the last frane generates an interrupt,
check the interrupt flag.

*/

while (!update_flag)

update_flag = FALSE
set _gates(n_axes, axes);/* ready, set, wait! */

for(i = 0; i < n_axes; i++)

we only need to

/* Calculate the next point. |In this sanple we sinply calculate the

next point based on constant velocity.
*/
whol e_pos[i] += (whole_vel[i] * NEXT_UPDATE);

updat e_franmes(n_axes, axes, whol e_vel, whol e_pos)

void initialize(intl6 n_axes, intl1l6 * axes)

{

int1l6 error_code, axis;
DSP_DM updat e

error_code = do_dsp();
error(error_code);
error(dsp_reset());

set _sanpl e_r at e( SAMPLE_RATE)

/* initialize communication with the controller
/* any problens initializing? */

/* Be sure to connect bit #23 to ground (enables host interrupts) */

init_io(2, 10_INPUT)

init_|loop_frames(n_axes, axes, FUPD POSITION | FUPD _VELCCI TY

instal | _dsp_handl er (1 RQ_LI NE);

FTRG_TI ME) ;

*/

H |
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void rel ease_frame(int16 n_axes, intl6 * axes)

intlé i, axis;

for (i = 0;
{

< n_axes; |++)

axis = axes[i];

set _gate(axis);

dsp_wite_dnm(frane_addr[i], O)
dsp_write_dm(frane_addr[i] + 1, FCTL_RELEASE
dsp_wite dnm(frame_addr[i] + ACTION, 0)
dsp_write_dm(frane_addr[i] + TRI G _UPDATE, O0)
reset _gate(axis);

for (i = 0; i < n_axes; i++)
axis = axes[i];
whi | e(axi s_status(axis) & FRAVES LEFT)

whiIé(clear_status(axis))
) ;
}

int16 main()
intlé i, axis,

| ong point;
DSP_DM updat e;

n_axes, axes[] = {0, 1, 2, 3, 4, 5};

n_axes = (sizeof (axes)/sizeof (int16))
initialize(n_axes, axes);
reset _gates(n_axes, axes); /* ready,
for (point = 1; point < PO NTS; point++)
{ downl oad_poi nt (n_axes, axes);

di spl ay(n_axes, axes);

for (i =0; i < n_axes;
set _e_stop(axes[i]);

i ++)

whil e (!end_of _notion(n_axes
{ printf("\n");
di spl ay(n_axes,

axes))
axes);
rel ease_frane(n_axes, axes);

return O;

[ oo ——
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FCTL_HOLD) ;

set,

go!

*/
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Download multiple frame sequences & execute them
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gmvs4.c
Download multiple frame sequences & execute them

Frame Sequences

/* QWS4.C
:Downl oad nul tiple frame sequences and sel ectively execute them

This sanple shows how to download a fixed set of trapezoidal profile notions and switch between
them by adjusting the next pointer in the dsp_goto(...) franes.

Here are the steps to execute several frane sequences

1) Downl oad several frane sequences. Each notion frame sequence starts with a
"dsp_marker(...)" frame and ends with a "dsp_goto(...)" frame. Be sure to
turn the hold bit on in the first frame of each sequence

2) Set the "next" pointer in the "dsp_goto(...)" frame to select the next
sequence

3) Toggle the "gate" to execute the notion

To destroy the frame sequences, first call connect_sequence(...). This will connect all of the
frame sequences together into one | ong sequence. Then call stop_frame_loop(...). This function
stops the notion and prevents the frames from executing. Modtion can be stopped i mediately or
with the last frane

Then call disable_frame_loop(...). This function disables the frames, breaks the franme | oop, and
rel eases the frames to the free list:

1) Re-write the control, trigger/update, and action fields. This is to
guarantee that the DSP can step through the frames w thout executing them

2) Turn on the Hold bit in the second frame. Set the gate. This will force
the DSP to halt at the first frane

3) Cear the status.

4) Wait for the DSP to reach the first franme

5) Turn on the release bit in each frame.

6) Break the |loop by setting the last franme's 'next' pointer to zero

7) Reset the gate flag. The DSP will step through the franmes one by one and
rel ease each one to the free list.

8) Wait for all of the frames to be released to the free list.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude <dos. h>

i ncl ude "pcdsp. h"

include "idsp.h"

HoHHHHH
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# define SAMPLE_RATE 1250/ * sanpl es per second */

# define AXIS 0
# define MOVES 3 /* nunber of nobves */
# define MAX_FRAMES 10

doubl e di stance[ MOVES] = {4096.0, 8192.0, -32768.0};
doubl e vel oci ty[ MOVES] = {10000.0, 10000.0, 10000.0};
doubl e accel [ MOVES] = {500000.0, 500000.0, 500000. 0};

intl6 start[ MOVES];
int16 end[ MOVES];

/* Frane register offsets - registers are 16 bits */
# define CONTROL Ox1

# define TRI G_UPDATE 0x11

# define ACTION 0x12

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN ;

switch (error_code)

{
case DSP_X:
/* No error, so we can ignore it. */
break ;

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1);
br eak;
}
}

voi d di splay(intl6 axis)
{
doubl e cnd;

get _command(axi s, &cnd);
printf("\rCnd:98.01f", cnd);
}

voi d go(intl6 axis)
intl6 sanple_tinmne;
reset _gate(axis); /* ready, set, go! */

dsp_write_dm0x100, 0xO); /* wite to DSP's signature word */
while (!dsp_read_dm(0x100)) /* wait for DSP to wite signature */

dsp_write_dn{0x100, OXO):
while (!dsp_read_dm 0x100))

set _gate(axis); /* prevent sequence from executing tw ce */

—
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int1l6 set_first_nove(intl6 axis, intl6 next, intl6 * start)
int16 addr;
/* Set the 'next' pointer in the place holder frame. */

addr = dsp_read_dnm(dspPtr->outptr + axis);
dsp_write_dnm(addr, start[next]);

qmvs4.c

return next;

}

intl6 set_next_nove(intl1l6 current, intl6 next, intl6 * start, int1l6 * end)

/* Set the 'next' pointer in the dsp_goto(...) frame. */
dsp_write_dm(end[current], start[next]);

return next;

}

voi d connect_sequence(intl6 * start, intl6 * end)
intl6 i, next;

/* Connect all of the frame sequences together. */
for (i =0; i < MOVES; i++)

{
next = (i + 1) % MOVES;
dsp_write_dmiend[i], start[next]);
}
}
intl6 stop_frame_loop(intl6 axis, intl6 last_frame, intl6 inmediate)
{

if (imedate)
set _e_stop(axis);
el se
dsp_wite_dn(last_frame + ACTION, E_STOP_EVENT);

/* Wait for the E-Stop Event to conplete */
whi | e((axis_state(axis) != E_STOP_EVENT) || in_notion(axis))

return dsp_error;

}

int16 disable_frane_|loop(intl6 axis, intl6 |ast_frane)
intl6 i, control, first_frame, fp, fp2;

fp = first_frane = dsp_read_dn(l ast_frane);
fp2 = dsp_read_dn(fp); /* address of second frame */

/* Disable the | ooping frames */

do

{ dsp_wite_dn(fp + CONTROL, (FCTL_DEFAULT & ~FCTL_RELEASE));
dsp_wite_dmfp + TRI G_UPDATE, 0);
dsp_wite_dnm(fp + ACTION, 0);
fp = dsp_read_dm(fp); /* address of next frame */

}
while(fp !'= first_frane);

Download multiple frame sequences & execute them

/* Turn on the hold bit in the second franme */

dsp_write_dnm(fp2 + CONTROL, (FCTL_DEFAULT & ~FCTL_RELEASE | FCTL_HOLD));
set _gate(axis);

whi | e(cl ear_status(axis))

/* wait for the DSP to reach the first franme */
while (first_frame !'= (dsp_read_dn(dspPtr->outptr + axis)))
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}

fp = first_franeg;

/* Turn on the release bit in the |ooping frames */
do
{ control = dsp_read_dm(fp + CONTRQL);
dsp_write_dm(fp + CONTROL, (control | FCTL_RELEASE));
fp = dsp_read_dn(fp); /* address of next frame */

}
while(fp !'= first_frane);

dsp_write_dnm(last_frame, 0x0);/* break the |oop */
reset _gate(axis); /* release the frames */

whi | e(axi s_status(axis) & FRAVES LEFT)

return dsp_error;

intl6 initialize_frames(intl6 axis, intl6 * start, intl6 * end)

{

}

intl6 i, j, control, last_frame, frame_addr[ MAX FRAMES];
set _gate(axis);/* prevent frames from executing */

for (i = 0; i < MWES, i++)

{
dsp_control (axis, FCTL_RELEASE, FALSE); /*
dsp_control (axis, FCTL_HOLD, TRUE); /*
frame_m(NULL, "Ol * n d", axis, start + i, 0); /*
dsp_control (axis, FCTL_HOLD, FALSE); I *
start _r_nove(axis, distance[i], velocity[i], accel[i]);
dsp_goto(axis, 0x0); /* W don't know where to go yet! */
/* Turn off the hold bit in the franes, find the last frame. */
i =1
frame_addr[j] = dsp_read_dm(start[i]);
while ((dsp_read_dm(frame_addr[j])) && (j < MAX_FRAMES))
{
frame_addr[j+1] = dsp_read_dn(frame_addr[j]);
control = dsp_read_dm(frame_addr[j] + CONTROL);
dsp_wite_dm(frane_addr[j] + CONTROL, control & ~FCTL_HOLD);
j++;
}
last _frame = end[i] = frane_addr[j];
}

dsp_control (axis, FCTL_RELEASE, TRUE); /* turn the rel ease

return |ast_frane;

void initialize(void)

s

intl6 error_code;

error_code = do_dsp(); /* initialize comunication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

set _sanpl e_r at e( SAMPLE_RATE) ;

—
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qmvs4.c

Download multiple frame sequences & execute them

2-144

int16 main()
int16 done, key, current, next, last_frane, first_nove = 1;
initialize();
last _frame = initialize_frames(AXl'S, start, end);
current = O; /* first nove type */

printf("\n\n(0-%l)=nove type, g=go, d=disable frames, esc=quit\n", MOES-1);

for (done = 0; !done; )
di splay(AXI S);

if (kbhit()) /* key pressed? */
{ key = getch() ;

switch (key)
{

case '¢g':
go(AXIS); [/* Be sure the next nove is defined! */
first_nove = FALSE;
br eak;

case 'd':
connect _sequence(start, end);
stop_frane_|l oop(AXI S, last_franme, TRUE);
di sabl e_frame_| oop(AXI'S, |ast_frane);
printf("\nFrame | oop disabled.\n");
br eak;

case Ox1B: [* <ESC> */
done = TRUE;
br eak;

defaul t:
next = (key - 48);
if ((next >= 0) && (next < MOVES))

printf("\nCurrent: % Next: % Distance: %8.0lf \n",
current, next, distance[key-48]);

if (first_nove)

current = set_first_nmove(AXI'S, next, start);
el se

current = set_next_nove(current, next, start,

}

br eak;

}
}

return O;

end) ;
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redfed.c
Redundant feedback checking

Redundant Feedback

/* REDFED. C
: Redundant feedback checking

Thi s code denonstrates how to configure the DSP to check for invalid feedback based on two feed-
back devices. The first feedback device is connected to the "Real" axis. The second feedback
device is connected to the "Redundant” axis. Mdtion is conmanded on the "Real" axis. Both feed-
back devices are connected to the same nechani cal system

Here are the steps to configure feedback checking

1) Set the "Real" and "Redundant" actual positions equa

2) Positionally link the "Real" and "Redundant" axes

3) Configure the error limts and event responses for the axes

4) Configure the "Redundant"” axis to send an exception event to the "Real" axis
when an exception event occurs

If the difference between "Real" axis' command position and the actual position exceed the error

limt, an exception event will be generated on the "Real" axis. |If the difference between the
actual positions of the axes exceed the error limt an exception event will be generated on the
"Redundant" axis. |If an exception event occurs on the "Redundant" axis, an event will be sent to

the "Real" axis. The DSP handles the error limt checking and exception event generation

The Stop, E-Stop, and Abort Events are executed by the DSP based on an axis' linmt sw tches, hone
switch, software limts, error limts, etc. Internally, the DSP executes sone special franes to
conpl ete the exception event.

When a Stop Event or E-Stop Event is generated, the DSP executes a Stop or E-Stop frane to decel -
erate the axis. Then the DSP executes the Stopped frane to set the conmand velocity to zero. An
Abort Event puts the axis in idle node (no PID update) and executes the Stopped frame. See the "C
Programm ng" nmanual for nore informati on about Exception Events.

By nodifying an axis' Stopped exception frame, an exception event can be sent to another axis by
the DSP after a Stop, E-Stop, or Abort Event executes.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

*/
/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$
*/
# include <stdio. h>
# include <stdlib.h>
# include <conio. h>
# include "pcdsp. h"
# include "idsp.h"
# define REAL_AXI S 0
=="
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# defi ne REDUNDANT_AXI S 1

# define RATIO (-1.0)
# define ERROR LIMT 20.0
# define ACT_DIFF_LIMT 30.0

redfed.c

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
break ;

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1);
br eak;
}
}

voi d display(intl6 axisl, intl6 axis2)
{

intlé statel, state2;
doubl e actl, act?2;

while (1kbhit())

{
get _position(axisl, &actl);
get _posi tion(axis2, &act2);
(@) statel = axis_state(axisl);
= state2 = axis_state(axis2);
é printf("Pos: 8.0l f State: % Pos: 98.0lf State: %\r", actl, statel,
& act2, state2);
&) }
X getch();
& }
0
-g int16 config_stopped_frame(PFRAME f, intl1l6 address, intl6 ormask, intl1l6 andmask)
w“—
= intl16 update = f->f.trig_update & OxFF;/* get trigger/update field */
% intle * i = (intl16*) &(f->f.position);/* pointer to position field */
o)
5 if (! (update & FUPD_POSI TI ON))
{
-68: f->f.output = OUTPUT_PGCSI TI ON ; /* set output to use position field */
i[0] = address;
i[1] = ormask;
i[2] = andnask;
f->f.trig_update | = FUPD_OUTPUT; /* update register fromposition field */
pcdsp_write_ef (dspPtr, f); /* downl oad the exception frame */
return DSP_K ;
}
return DSP_RESOURCE_| N_USE;
}
2-146
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int1l6 set_stopped_frame(intl6 axis, intl6 destaxis, intl6 event)

FRAME f;
event |= (1D_AXI S_COMAND << 4);

if (pcdsp_sick(dspPtr, axis) || pcdsp_sick(dspPtr, destaxis))
return dsp_error;

if (pcdsp_read_ef (dspPtr, &, axis, EF_STOPPED))
return dsp_error;

if (config_stopped_frame(& , dspPtr->pc_event + destaxis, event, event))
return dsp_error;

el se
return pcdsp_wite_ef(dspPtr, &f);

}
int16 main()
intl16 error_code;
error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset());
set _position(REAL_AXIS, 0.0); /* synchroni ze position registers */
set _posi ti on( REDUNDANT_AXI S, 0.0);
set _positive_sw_|imt(REDUNDANT_AXI S, 100000.0, NO_EVENT);
set _negative_sw_|imt(REDUNDANT_AXI S, 100000.0, NO_EVENT);
set_error_limt(REAL_AXI'S, ERROR LIM T, ABORT_EVENT);
set_error_limt(REDUNDANT_AXIS, ACT_DIFF_LIMT, ABORT_EVENT);
set _stopped_frame( REDUNDANT_AXI S, REAL_AXI S, ABORT_EVENT);
mei _|i nk(REAL_AXI S, REDUNDANT_AXI S, RATI O, LI NK_ACTUAL);
di spl ay( REAL_AXI S, REDUNDANT_AXI S) ;
endl i nk( REAL_AXI S) ;
return O;
}
==
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rtraj.c

Read real-time trajectory info from DSP

2-148

rtraj.c
Read real-time trgjectory info from DSP

Data Acquisition

/* RTRAJ.C
:Read real -tine trajectory infornation fromthe DSP

Thi s code shows how to use get_tuner_data(...) to sanple the command positions, actual positions
error, tine, state, and dac output. Any notion can be conmmanded while the real -tine response is
sanpl ed

This feature is very useful in exam ning the systemresponse to determ ne optinmumtuni ng parane-
ters.

Note: get_tuner_data(...) is an "extra" function and is not docunented in the "C Progranm ng" nan-
ual

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>

include <stdlib.h>
i ncl ude <dos. h>

i ncl ude <coni o. h>

i ncl ude "pcdsp. h"

include "extras. h"

HoHHHHH

define AXI' S 0
def i ne BUFFER_SECONDS 5

#*

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
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int16 main()

intl6é i, error_code;
size_t buffer_length;

| ong
* apos,
* cpos;
intl6
* tine,
* state,
* vol t age;

error_code = do_dsp();
error(error_code); /* any problens initializing? */

buffer_|l ength = BUFFER_SECONDS * dsp_sanple_rate();

apos = calloc(buffer_length, sizeof(apos[0]));
cpos = calloc(buffer_length, sizeof(cpos[0]));
time = calloc(buffer_length, sizeof(time[0]));
state = calloc(buffer_length, sizeof(state[0]));
e

vol tage = call oc(buffer_length, sizeof(voltage[0]));

if (!(apos && cpos && tine && state && voltage))

{ fprintf(stderr, "Not enough nenory.\n");
return 1;

}

fprintf(stderr, "Press any key to begin.\n");
getch();
fprintf(stderr, "Sanmpling...");

| * R R * %k

put whatever type of notion you want to sanple here.

* % R R */

get _tuner_data(AXl' S, buffer_length, apos, cpos, tine, state, voltage);

fprintf(stderr, "done.\n");

printf("apos\tcpos\ttime\tstate\tvoltage\n");
for (i = 0; i < buffer_length; i++)
{ printf("%d\tod\tou\t%l\tyd\n",
apos[i], cpos[i], time[i], state[i], voltage[i]);

}

return O;
}
;:‘:.--—'
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sattr.c

SERCOS Read IDN attributes

2-150

sattr.c
SERCOS: Read IDN attributes

SERCOS

/* SATTR C

: SERCOS IDN attributes

Thi s sanpl e program denonstrates how to read an IDN s attributes froma SERCOS node

attributes consist of 7 elements defined in the SERCOS specification

El enent 1

"I D Number*"

size is 16 bits, binary
mandat ory

El ement 2

"Nane of operation data"

maxi num si ze i s 64 bytes

upper 4 bytes specify the string size
| ower 60 bytes are the string

optiona

El enent 3

"Attribute of operation data"

size is 4 bytes, binary

bits 0-15 represent the conversion factor

bits 16-18 represent the data |length

bit 19 represents the function of operation data
bits 20-22 represent the data type and display format
bits 24-27 represent places after the decimal point
bits 28-31 reserved

mandat ory

El ement 4:

"Qperation data unit"

maxi mum size is 16 bytes, binary/string

bytes 1-2 specify length of progranmmred text in drive

bytes 3-4 indicate maximumtext length (in bytes) in the drive
bytes 4-12 variable length character text string

optiona

El emrent 5

"M ni mum i nput val ue of operation data"

size is the sane as Elenent 7 (Operation Data), binary
optiona

El enent 6

"Maxi mum i nput val ue of operation data"

size is the sane as Elenent 7 (Qperation Data), binary
optiona

El ement 7

"Qperation data"

maxi mum si ze i s 65532 bytes, binary and/or string

Fi xed | ength:
bytes 1-2, operation data, 2 bytes
bytes 1-4, operation data, 4 bytes

Variabl e | ength
bytes 1-2, specify length of programed data (bytes) in drive
bytes 3-4, indicate maxi mumdata | ength available (bytes) in drive
bytes 5-1ength, operation data

§||
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Be sure to initialize the SERCOS communication ring with serc_reset(...)
before reading an IDN s attributes.

Witten for Mtion Library Version 2.5
*/

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <coni o. h>
#i ncl ude "pcdsp. h"
#i ncl ude "sercos. h"

#define AXI S 0 /* Controller Axis */
#def i ne DRI VE_ADDRESS 1 /* SERCOS Node Address */
#define | DN 79 /* Rotational Position Resolution */

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN ;
switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
break ;
defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1);
br eak;
}
}
==~
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sattr.c

SERCOS Read IDN attributes

2-152

int main(void)

{

intl6 error_code, size = O;
char * endp;

I ong *buff, exp, proc, type;
| DN_ATTRI BUTES attr;

error_code = do_dsp(); /* initialize comrunication with the controller */

error(error_code); /* any problens initializing? */
error(get_idn_attributes(AXIS, IDN, &attr));
printf("\nidn: % (0x%)\n", IDN, |IDN);
printf("%-%-%l\n", attr.elem1 & 0x8000 ? "P":"S",
(attr.elem1 & 0x7000)>>12, attr.elem1 & OxFFF);

printf("9%\n", attr.elem2);

if(((attr.elem3>>16) & 7) == 1)

size = 2;
if(((attr.elem3>>16) & 7) == 2)
size = 4;
i f(size)
printf("Size: %l bytes\n", size);
el se

printf("Size: Variable length string\n");

proc = attr.elem3 & 0x80000;
printf("Data Type: %\n", proc?"Procedure Command":"Operation Data or Paraneter");
i f(!proc)
{ exp = (attr.el em 3>>24) & OxF;
printf("Conversion Factor: 9% dx10e% d\n", (attr.el em 3&xFFFF), exp);
printf("Units: 9%\n", attr.elem4);
printf ("M ninum Value: %d\n", attr.elem5);
printf("Mximum Value: %d\n", attr.elem§6);

}

return O;

N
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scanadp.c
Trapezoidal profile motion: Capture values at positions

Data Acquisition

/* SCANADP. C
: Trapezoi dal profile nmotion and capture anal og val ues at specific positions.

Thi s code configures the DSP to generate a trapezoidal profile notion and capture anal og val ues at
specific positions

The actual position (analog value) capturing is handl ed automatically by the DSP. After each
frame is executed, the DSP copies the actual position into the franme and releases it to the free
list. Later, the captured positions are retrieved fromthe frames. There are 600 franes in the
DSP' s external menory.

The steps are
1) Configure an axis for anal og feedback
2) Downl oad a trapezoidal profile notion
3) Downl oad a sequence of position triggered franes and read their addresses.
The addresses will be needed later to read the captured positions
4) Read the captured positions (analog values) fromthe frames

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

*/
/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$
*/
# include <stdio.h>
# include <stdlib.h>
# include <conio. h>
# include "pcdsp. h"
# include "idsp.h"
# define MOVE_AXI S 0
# define ANALOG AXI S 2
# define ANALOG CHAN 0
# define DI STANCE 30000. 0
# define VELOCI TY 10000. 0
# define ACCEL 100000. 0
# define CAPTURES 30
# define DI ST_I NTERVAL 1000.0 /* units = encoder counts */
# define RELEASE _POS 2 0x2
# define RELEASE POS_3 0x3

int16 scan_addr[ CAPTURES] ;
| ong scan_pos[ CAPTURES] ;

—
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scanadp.c

Trapezoidal profile motion: Capture values at positions

2-154

void error(intl6 error_code)

{
char buff er [ MAX_ERROR LEN| ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
break ;

defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1l);
br eak;
}
}

void | oad_scan_franes(int16 axis, intl6 taxis, intl6 sense, intl6 captures,
{

intl6 i;

doubl e tpos;

tpos = interval;

dsp_control (axis, FCTL_HOLD, TRUE);
dsp_position_trigger(axis, taxis, tpos, sense, TRUE, NEW FRAME);

scan_addr[0] = dsp_read_dnm(dspPtr->inptr + axis); /* franme address */

dsp_control (axis, FCTL_HOLD, FALSE);

for (i = 1; i < captures; i++)
{ tpos += interval;
dsp_position_trigger(axis, taxis, tpos, sense, TRUE, NEW FRAME);

scan_addr[i] = dsp_read_dm(dspPtr->inptr + axis); /* franme address */
}
dsp_end_sequence(axi s);
}
voi d read_positions(intl6 captures)
{
intl6 i;
unsi gned16 | ower;
| ong upper;
for (i = 0; i < captures; i++)
{
| ower = dsp_read_dn{scan_addr[i] + RELEASE PCS 2);
upper = dsp_read_dn{scan_addr[i] + RELEASE PCS_3);
scan_pos[i] = (lower | (upper << 16));
printf("\nAddr: Ox% Scan: % d", scan_addr[i], scan_pos[i]);
}
}

H |
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int16 main()

§||

intl6 error_code, axes[] = {MOVE_AXIS, ANALOG AXI S};
doubl e position;

error_code = do_dsp(); /* initialize comrunication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

/* Configure an axis for anal og feedback. */
set _feedback( ANALOG AXI S, FB_ANALCG) ;
set _anal og_channel (ANALOG _AXI S, ANALOG CHAN, FALSE, FALSE);

set _gates(2, axes); /* Prevent franme execution */

| oad_scan_franes(ANALOG AXI S, MOVE_AXI S, POSI Tl VE_SENSE, CAPTURES, DI ST_|I NTERVAL);
start _r_nmove( MOVE_AXI' S, DI STANCE, VELOCI TY, ACCEL);

reset _gates(2, axes); /* ready, set, go! */

printf("\nScanni ng positions\n");

while (!notion_done( MOVE_AXIS) || !notion_done( ANALOG AXIS))
{ get _command( MOVE_AXI' S, &position);

printf("\rPosition: 98.0lf ", position);
read_posi ti ons( CAPTURES) ;

return O;

—
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scanadt.c

Trapezoidal profile motion: Capture values at times
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scanadt.c
Trapezoidal profile motion: Capture values at times

Data Acquisition

/* SCANADT. C
: Trapezoi dal profile notion and capture anal og val ues at specific tinmnes.

Thi s code configures the DSP to generate a trapezoidal profile notion and capture anal og val ues at
specific time intervals. The minimumtinme interval is one sanple (800 m croseconds for the
default sanple rate)

The actual position (analog value) capturing is handl ed automatically by the DSP. After each
frame is executed, the DSP copies the actual position into the frane and releases it to the free
list. Later, the captured positions are retrieved fromthe franmes. There are 600 franmes in the
DSP' s external nenory

The steps are
1) Configure an axis for anal og feedback
2) Downl oad a trapezoidal profile nmotion
3) Downl oad a sequence of dwell franes and read their addresses.
The addresses will be needed later to read the captured positions
4) Read the captured positions (anal og values) fromthe frames

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
include <stdlib.h>
i ncl ude <coni o. h>
i ncl ude "pcdsp. h"
include "idsp.h"

HH o HH*

define MOVE_AXI S
define ANALOG AXI S
defi ne ANALOG CHAN

HHH
oON O

defi ne DI STANCE 30000.0
define VELOCITY 10000.0
defi ne ACCEL 100000. 0

H* o H*

# defi ne CAPTURES 30
# define TI ME_I NTERVAL .1 /* units = seconds, minimumis one DSP sanple */

# define RELEASE POS 2 0x2
# define RELEASE PCS 3 0x3

int16 scan_addr[ CAPTURES] ;
| ong scan_pos[ CAPTURES] ;

—
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void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN ;
switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
break ;
defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code) ;
exit(1);
br eak;
}
}

voi d | oad_scan_frames(intl16 axis, intl6 captures, double interval)
intl6 i;

dsp_control (axis, FCTL_HOLD, TRUE);

dsp_dwel | (axis, interval);

scan_addr[0] = dsp_read_dnm(dspPtr->inptr + axis); /* franme address */
dsp_control (axis, FCTL_HOLD, FALSE);

for (i =1; i < captures; i++)
{ dsp_dwel | (axi s, interval);

scan_addr[i] = dsp_read_dn(dspPtr->inptr + axis); /* frame address */
}

dsp_end_sequence(axi s);

}

voi d read_positions(intl6 captures)
{

intl6 i;

unsi gned16 | ower;

| ong upper;

for (i = 0; i < captures; i++)
{
| ower = dsp_read_dn{scan_addr[i] + RELEASE PCS_2);
upper = dsp_read_dn{scan_addr[i] + RELEASE POCS 3);
scan_pos[i] = (lower | (upper << 16));
printf("\nAddr: Ox% Scan: % d", scan_addr[i], scan_pos[i]);

—
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Trapezoidal profile motion: Capture values at times
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int16 main()

{
intl6 error_code, axes[] = {MOVE_AXIS, ANALOG AXI S};

doubl e position;

error_code = do_dsp(); /* initialize comrunication with the controller */
error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset */

/* Configure an axis for anal og feedback. */
set _feedback( ANALOG AXI S, FB_ANALCG) ;
set _anal og_channel (ANALOG _AXI S, ANALOG CHAN, FALSE, FALSE);

set _gates(2, axes);/* Prevent frame execution */

| oad_scan_frames( ANALOG AXI S, CAPTURES, TI ME_|I NTERVAL);
start _r_nmove( MOVE_AXI' S, DI STANCE, VELOCI TY, ACCEL);
reset _gates(2, axes); /* ready, set, go! */
printf("\'nScanni ng positions\n");

while (!notion_done( MOVE_AXIS) || !notion_done( ANALOG AXI S))
{ get _command( MOVE_AXI' S, &position);

printf("\rPosition: 98.0lf ", position);
read_posi ti ons( CAPTURES) ;

return O;

s
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scancap.c
Use velocity profile scan to capture positions

Data Acquisition

/* SCANCAP. C
Vel ocity profile scan to capture positions

This code configures the DSP to generate a velocity profile and capture positions at specific tinme
intervals. The minimumtime interval is one sanple (800 nmicroseconds for the default sanple
rate). The position capturing is handl ed automatically by the DSP. After each frame i s executed
the DSP copies the actual position into the frane and releases it to the free list. Later, the
captured positions are retrieved fromthe frames. There are 600 frames in the DSP' s external mem
ory.

The steps are
1) Downl oad a velocity profile notion
2) Downl oad a sequence of dwell franmes and read their addresses.
These will be needed |ater to read the captured positions.
3) Read the captured positions fromthe franes

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

*/
/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$
*/
# include <stdio.h>
# include <stdlib.h>
# include <conio. h>
# include "pcdsp. h"
# include "idsp.h"
# define AXIS 0
# define VELOCI TY 20000. 0
# define ACCEL 100000. 0
# define CAPTURES 100
# define TI ME_I NTERVAL. 01 /* units = seconds, nminimmis one DSP sanple */
# define RELEASE POS_2 0x2
# define RELEASE POS_3 0x3

int16 scan_addr[ CAPTURES] ;
| ong scan_pos[ CAPTURES] ;

—
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scancap.c

Use velocity profile scan to capture positions
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void error(intl6 error_code)

{
char buff er [ MAX_ERROR LEN| ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
break ;

defaul t:
error_msg(error_code, buffer) ;

fprintf(stderr, "ERROR % (%).\n", buffer, error_code) ;

exit(1l);
br eak;
}
}

void |l oad_profile(intl6 axis, intl6 captures, double interval)

intl6 i;

/* Turn on the axis gate flag to prevent frame execution */

set _gate(axis);
v_nove(axis, VELOCITY, ACCEL);

for (i = 0; i < captures; i++)

dsp_dwel | (axi s, interval);

scan_addr[i] = dsp_read_dnm(dspPtr->inptr + axis);
}
v_nove(axis, 0.0, ACCEL);

reset _gate(axis);

/* frane address */

/* ready,

}
voi d read_positions(intl6 captures)
{
intl6 i;
unsi gned16 | ower;
| ong upper;
for (i = 0; i < captures; i++)
{
| ower = dsp_read_dn{scan_addr[i] + RELEASE PCS 2);
upper = dsp_read_dn{scan_addr[i] + RELEASE PCS_3);
scan_pos[i] = (lower | (upper << 16));
printf("\nAddr: Ox% Scan: % d", scan_addr[i], scan_pos[i]);
}
}

set,

go!

*/
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int16 main()

§||

intl16 error_code;
doubl e position;

error_code = do_dsp();
error(dsp_reset()); /* hardware reset */

| oad_profile(AXI'S, CAPTURES, TI ME_I NTERVAL);
printf("\nScanni ng positions\n");

while (!notion_done(AXlS))
{
get _position(AXI'S, &position);
printf("\rPosition: 98.0lf ", position);
read_posi ti ons( CAPTURES) ;

return O;

=
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/* initialize conmunication with the controller */
error(error_code); /* any problens initializing? */
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scrstat.c

SERCOS Read ring status
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scrstat.c
SERCOS: Read ring status

SERCOS

/* SCRSTAT. C
: SERCOS conmmuni cation ring status.

Thi s sanpl e denonstrates how to deternine the SERCOS conmuni cation ring status. The SERCON 410B
has two status flags which nonitor the data and the ring closure

The RDI ST bit is |ow when data is valid, and is high when the data is distorted
The FIBBR bit is | ow when the loop is closed, and is high when the |oop is open

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Mtion Library Version 2.5
*/

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <conio. h>
#i ncl ude "pcdsp. h"

#def i ne RI NG_STATUS_ADDR 0xC02 /* SERCON 410B Register */
#defi ne RDI ST 0x1000 /* distorted data bit */
#defi ne FI BBR 0x2000 /* 1 oop open bit */

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;
switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak
defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
}
}

—
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int main()
int16 error_code, val ue;

error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */

while (!kbhit())
{ val ue = dsp_read_pm Rl NG_STATUS_ADDR) ;

printf("\rDistort: %l Loop Open: %",
(value & RDIST) ? 1:0, (value & FIBBR) ? 1:0);

}
getch();

return O;

tion Engineering, Inc.
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sdiag.c

SERCOS Read drive diagnostics & reset/enable drive
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sdiag.c
SERCOS: Read drive diagnostics & reset/enable drive

SERCOS

/* SDIAG C
: SERCOS drive fault diagnostics/recovery.

Thi s sanpl e program denonstrates how to read a SERCOS drive's Drive Status and di agnostic mes-
sages. |If the drive is shutdown due to an error in the Cass 1 Diagnostic, then a drive reset/
enabl e is attenpted

Be sure to initialize the SERCOS conmuni cation ring with serc_reset(...) before reading the drive
di agnostic information

Witten for Mtion Library Version 2.5
*/

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <coni o. h>
#i ncl ude "pcdsp. h"
#i ncl ude "sercos. h"

#define AXIS 0 /* Controller Axis */
#def i ne DRI VE_ADDRESS 1 /* SERCOS Node Address */
#define CLASS 1 ERROR 0x2000 /* bit 13 */
#def i ne CLASS 2_ERROR 0x1000 /* bit 12 */

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN ;

switch (error_code)
{
case DSP_X:
/* No error, so we can ignore it. */
br eak

defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;

—
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int main(void)

§||

intl16 error_code, code, status;
char message[ MAX_ERROR_LEN ;

error_code = do_dsp();
error(error_code); /* any problens initializing? */

error(get_drive_status(AXlI'S, &status));
printf("\nDrive Status:O0x%", status);

/* Operating Status Drive Message */
error(get_idn_string(AXI'S, DRI VE_ADDRESS, 95, nessage));
printf("\nDrive Msg: %", nessage);

if (status & CLASS_ 1 _ERROR)

{ error(disable_anplifier(AXIS));
error(get_class_1_diag(AXl'S, &code, nessage));
printf("\nCass 1: (0x%) %", code, nessage);

error(reset_sercos_drive(AXl S));
error(controller_run(AXIS));
error(enable_amplifier(AXlS));
printf("\nDrive Re-enabl ed");

}

if (status & CLASS_2_ERROR)

{ error(get_class_2_diag(AXl'S, &code, nessage));
printf("\nCass 2: (0x%) %", code, nessage);

/* Operating Status Drive Message */
error(get_idn_string(AXI'S, DRI VE_ADDRESS, 95, mnessage));
printf("\nDrive Msg: %", nessage);

return O;

—
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/* initialize conmunication with the controller */

/* di sabl e SERCOS drive */

/* clear Class 1 Diagnostic Error */
/* clear controller Abort Event */
/* enabl e SERCCS drive */

obelps
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sem.c

Multi-tasking & interrupts under WinNT
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Sem.c
Multi-tasking & interrupts under WinNT

Windows NT

/* SEM C
:Milti-tasking and interrupts under W ndows NT

This sanple denonstrates how to create a separate thread for each axis. The nunmber of axes is
specified by the define AXES. Each thread will enter an efficient wait state until an interrupt
that is generated froman event occurs. The thread will then clear the event by calling
controller_run(...) and then go back to sleep until the next interrupt occurs.

In order for threads to use the nei _sleep_until _interrupt(...) function w thout error, each thread
MUST use its own HANDLE to the DSPIO driver in the function call. The HANDLE is created with a
call to CreateFile(...)

Li ke nei _sleep_until _interrupt(), all other library functions nust have a HANDLE to the DSPI O
driver. This HANDLE is created when either dsp_init(...) or do_dsp(...) are called. This HANDLE
is held by the library and is used for all library access to the MEl card

This code uses a gl obal semaphore (MEl _SEMAPHORE) to gate access to the library so that only one
thread is allowed to conmunicate with the MEl card at a time. The semaphore is created by a call
to create_MEl _semaphore(...) and destroyed by a call to kill_MEl _semaphore(...).

Al calls to the MEI library are bracketed by calls to get_MEl _semaphore(...) and
rel ease_MEl _semaphore(...).

When using interrupts, be sure to set the appropriate IRQ switch on the DSP-Series controller
Al so, make sure the device driver "DSPIO" is configured for the sane | RQ

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*|

#i ncl ude <wi ndows. h>
#i ncl ude <wi nioctl.h>
#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>
#i ncl ude <coni o. h>

#i nclude "idsp.h"

#i f def MEI _MSVC20 /* support for Mcrosoft Visual C C++ ver 2.0 */
# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f
#i f def MElI _MSVC40 /* support for Mcrosoft Visual C C++ ver 4.0 */
# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f
#defi ne AXES (intl6)4 /* This also defines the nunber of
threads to be created */
#defi ne SEM_MAXI MUM_USAGE 1L
#def i ne SEM | NI TI AL_SI GNALED 1L
#defi ne SEM_ | NI TI AL_NON_SI GNALED oL
#def i ne SEM_| NCREMENT 1L
#defi ne THREAD_STACK_SI ZE 0
#def i ne THREAD_CREATI ON_FLAGS 0
#defi ne EXI T_CODE_K 0
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/* dobals */
HANDLE MEl _ SEMAPHORE; /* Handle to |ibrary semaphore */
HANDLE hThr eads[ AXES] ; /* Handles to each created task */

typedef struct interrupt_thread_args{
intlé axis;
HANDLE semaphor e;
} I nterrupt Thr eadAr gs;
/* create one Interrupt ThreadArgs structure for each axis */
I nt errupt ThreadAr gs Thr eadAr gs[ AXES] ;

void error(intl6 error_code)
char buf fer[ MAX_ERROR_LEN] ;

switch (error_code)

{
case DSP_X:
/* No error, so we can ignore it. */
break ;
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1l);
br eak;
}
}
/* Create the semaphore object. This semaphore will allow access to the
MElI library for one task at time. Al other tasks will wait on the
semaphore until it is available. The initial state of the semaphore

is signaled. */
HANDLE creat e_MElI _senaphor e(voi d)
{ return CreateSemaphore(NULL, SEM | NI TI AL_SI GNALED,
SEM MAXI MUM_USACE, "MEl _semaphore");
}

/* Term nate the senmaphore object */
int16 kill _MEl _senaphor e( HANDLE sem)
{ return (intl16)C oseHandl e(sem;

}

/* Wait for the semaphore to be signaled and set the semaphore to a
non-signal ed state */

int16 get_MEl _senmaphor e( HANDLE sem)

{ return (int16)WaitForSingleObject(sem |NFINTE);

}

/* Rel ease the semaphore by increnenting it to a signaled state */
int16 rel ease_MEl _semaphor e( HANDLE sem

{ return Rel easeSemaphore(sem SEM | NCREMENT, NULL);

}

—
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sem.c

Multi-tasking & interrupts under WinNT
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voi d MEl _Interrupt Thread(void *args)
{ InterruptThreadArgs *pArgs;

HANDL E t hr ead_semaphor e;
intl6 axi s;
HANDLE file_ptr;

pArgs = (Interrupt ThreadArgs *)args;
t hr ead_semaphore = pArgs- >senaphore;
axi s = pArgs->axis;

/* create a separate file pointer to the driver for each task */
file_ptr = CreateFile("\\\\.\\dspi 00", CENERI C_WRI TE| GENERI C_READ,
FI LE_SHARE WRI TE, NULL, OPEN_EXI STI NG 0, NULL);

/* set thread_semaphore to a signaled state so that the rest of
the program can resune */
Rel easeSenmaphor e(t hr ead_semaphore, SEM | NCREMENT, NULL);

whi | e(1)
{ mei _sleep_until _interrupt(file_ptr, axis, MEl _EVENT);
get _MEl _senmaphor e( MEI _SEMAPHORE) ;
whi |l e(control | er_run(axis))

rel ease’_NEI _semaphor e( MEl _SEMAPHORE) ;

}
}

voi d setup(intl6 axis)
{ unsigned | ong Threadld;

get _MEl _senmaphor e( MEI _SEMAPHORE) ;
controller_run(axis);
set _home_| evel (axis, FALSE);
set _home(axi s, ABORT_EVENT);
cl ear _status(axis);
interrupt_on_event(axis, TRUE);
rel ease_MEl _senaphor e( MEI _SEVMAPHORE) ;

ThreadArgs[axis].axis = axis;
/* create a senmaphore to wait for created thread to finish initializing */

Thr eadAr gs[ axi s] . semaphore = Creat eSemaphor e( NULL, SEM | NI TI AL_NON_SI GNALED,

SEM MAXI MUM_USAGE, NULL);

/* create thread

default security descriptor, default stack size (sanme as creating thread)*/

hThr eads[ axi s] = CreateThread(NULL, THREAD_STACK_SI ZE,
(LPTHREAD_START_RQUTI NE) MEI _| nt errupt Thread, &ThreadArgs[ axi s],
THREAD_CREATI ON_FLAGS, &Threadl d);

/* wait for created thread to finish initializing. This occurs when
MEl _Interrupt Thread rel eases the thread_semaphore. */
Wi t For Si ngl e(bj ect ( Thr eadAr gs[ axi s] . semaphore, | NFI N TE);

/* semaphore to created thread is no | onger needed */
Cl oseHandl e( Thr eadAr gs[ axi s] . semaphore);

—
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int main()

{

§||

intl6 error_code, axis, state[AXES],

MElI _SEMAPHORE = creat e_MEl _semaphore();
get _MEl _senmaphor e( MEl _SEMAPHORE) ;

error_code = do_dsp(); /*
error(error_code); /*
error(dsp_reset()); /*
init_i ol PORT_A,

init_io(PORT_B,
init_io(PORT_C,

1 O_I NPUT) ; I
1 O_I NPUT) ;
| O_OUTPUT) ; I

reset _bit(23);
rel ease_MEl _senaphor e( MEl _SEVMAPHORE) ;

for(axis = 0; axis < (intl16)AXES; axis++)
setup(axis);

whi | e(!kbhit())
{ for(axis = 0; axis < AXES; axis++)

{ get _MEl _senmaphor e( MEI _SEMAPHORE) ;
state[axis] = axis_state(axis);
source[ axi s] = axis_source(axis);
rel ease_MEl _senaphor e( MEl _SEVMAPHORE) ;
printf("Axis: %l state<%l> source<%>\n",

axis, state[axis], source[axis]);

}

}

getch();

ki Il _MEl _senmaphor e( MEI _SEVMAPHORE) ;

for(axis = 0; axis < AXES; axis++)

{ Cl oseHandl e(hThr eads[ axi s]);
Ter m nat eThr ead( hThr eads|[ axi s],

}

return O;

—
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sour ce[ AXES] ;

initialize 1/0 port for

/* enable interrupt

EXI T_CODE_OK) ;

initialize comunication with the controller */
any problens initializing? */
har dwar e reset

i nputs */

initialize 1/0O port for outputs */

generation */
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sercpl2.c

SERCOS Use position latching with a drive
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sercpl2.c
SERCOS: Use position latching with adrive

SERCOS

/* SERCPL2.C
:Position Latching with a SERCOS drive

This sanpl e denonstrates how to configure a SERCOS drive to |atch the position based on 2 probe
inputs. Probe 1 and 2 are configured to trigger on the rising edge. The probe status is mapped
into the Drive Status word. The real time status word is also copied to external nmenory by the

DSP every sanple

Be sure to initialize the SERCOS communication ring with serc_reset(...) before configuring the
drive for position |atching

For nmore informati on on Probe based Position Latching, please consult the drive manufacturer's
docunent ati on

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Mtion Library Version 2.5
*/

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <coni o. h>
#i ncl ude "pcdsp. h"
#i ncl ude "sercos. h"

#define AXIS 0

#define RT_STATUS 1 0x40
#define RT_STATUS 2 0x80

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;
switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
br eak
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code)
exit(1l);
br eak;
}
}
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{

int main()
intl6 error_code, drive_status;
I ong val;
doubl e act;
error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */
error(set_idn(AXI'S, 405, 1)); /* Probe 1 Enable */
error(set_idn(AXI'S, 406, 1)); /* Probe 2 Enable */
set_idn(AXI'S, 169, 0x5); /* Probe Control, trigger on rising edges */
set _idn(AXI'S, 305, 409); /* Allocate Probe 1 status to Real Tinme Status */
set _idn(AXI'S, 307, 411); /* Allocate Probe 2 status to Real Tinme Status */
set _idn(AXI'S, 170, 0x3); /* Probe set/enable procedure */
printf("\nSERCOS drive ready for position latching.\n");
while (!kbhit())
{ error(get_drive_status(AXI'S, &drive_status));/* Drive Status */
error(get_position(AXI'S, &act));
drive_status & (RT_STATUS 1 | RT_STATUS 2);
printf("\rAct:%0.0lf Status: %", act, drive_status);
}
getch();
error(get_idn(AXI'S, 130, &val));
printf("\nLatch P1:%d", val);
error(get_idn(AXIS, 132, &val));
printf("\nLatch P2:%d", val);
return O;
==~
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settle3.c

Determine when actual motion has settled
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settle3.c
Determine when actual motion has settled

Motion Settling

/* SETTLE3. C
. Determ ne when the actual notion has settled

When notion is commanded to an axis, the DSP generates a real-tine conmmand position trajectory.
Every sanple, the DSP cal cul ates an axis' output (analog voltage or pulse rate) based on a PID
servo control algorithm The input to the PID control algorithmis the position error. The posi-
tion error equals the difference between the command position and the actual position (feedback).

The comranded notion is conplete when notion_done(...) returns non-zero. Determ ning the conple-
tion of the actual notion is nore difficult. Since the DSP is always executing a PID algorithmto
control the closed | oop system the notion of the mbtor is based on the system s response

Thi s sanpl e shows how to determine the conpletion of the notion based on the feedback device. The
motor is considered "settled" when the following criteria are net:

1) The position error is less than a specified value for 'n' consecutive reads
2) The rate of change of position error is zero for 'n' consecutive reads

The rate of change of position error is calculated by the DSP as the difference between the posi-
tion error in the current sanple, and the position error in the previous sanple. The default sam
ple rate is 1250 sanpl es per second

Both the rate of change of position error and the position error are read in the same sanple
period using the transfer block. The transfer block is a special DSP feature that copies a bl ock
of internal nenmory (up to 64 words) to external nmenory. Then the host CPU can read the inforna-
tion from external nenory

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*/

/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

i nclude <stdio. h>
i ncl ude <coni o. h>
include <stdlib.h>
i ncl ude <dos. h>

i ncl ude "pcdsp. h"

include "idsp.h"

HoHHHHH

define AXI S 0

defi ne DI STANCE 20000. 0
define VELOCITY 100000.0
def i ne ACCELERATI ON 5000000. 0

H* HH

def i ne ERROR_W NDOW 5 /* position error in counts */
define SETTLE_COUNTS 4 /* nunmber of consecutive reads to define settled */

#*

—
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# define BUFFER_SI ZE 1000
intl6
p_err [ BUFFER_SI ZE] ,
vel [ BUFFER_SI ZE] ;

/* position error fromDSP */
/* actual velocity fromDSP */
void error(intl6 error_code)

char buffer[ MAX_ERROR_LEN] ;

switch (error_code)

{
case DSP_X:
/* No error, so we can ignore it. */
break ;
defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1);
br eak;
}
}
intl6 get_settle(intl6 axis, int1l6 * error, intl6 * actvel)
{
P_DSP_DM addr = dspPtr->data_struct + DS _D(0) + DS(axis);
DSP_DM buffer[2];
pcdsp_transfer_bl ock(dspPtr, TRUE, FALSE, addr, 2, buffer);
* error = buffer[0];
* actvel = buffer[1];
return dsp_error;
}
[ oo ——
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CODE EXAMPLES

settle3.c

Determine when actual motion has settled

2-174

int16 main()

intl6
i, error_code,
settle_counter = 0,
data_point = 0;
intl6é start, end,
doubl e settle_tine;

error_code = do_dsp(); /* initialize communication with the controller
error(error_code); /* any problens initializing? */

start_r_move(AXlS, DI STANCE, VELOCI TY, ACCELERATI ON):

while (!notion_done(AXl S)) /* wait for the commanded notion to conplete */
start = get_dsp_tinme(); /* read the dsp sanple clock */
while (settle_counter < SETTLE_COUNTS)
{
get _settle(AXI'S, p_err + data_point, vel + data_point);
if (!lvel[data_point] && (p_err[data_point] < ERROR_ W NDOWN &&
(p_err[data_point] > (-ERROR_W NDOW))
settle_counter ++;
el se
settle_counter = O;
i f (data_point < BUFFER Sl ZE)
dat a_poi nt ++;
}
end = get_dsp_tine(); /* read the dsp sanple clock */
/* Display the response of the system */
for (i =0; i < data_point; i++)
printf("\n%d Vel: %id Err: %d", i, vel[i], p_err[i]);

settle_tine = (end - start) * 1000.0 / dsp_sanple_rate();
printf("\nSettling tine (nsec): 9%6.4If", settle_tine);

return O;

*/

H |
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shomel.c
SERCOS: Homing routine

SERCOS

/* SHOMEL. C
: SERCOS sanpl e honi ng routine

Thi s sanpl e denonstrates a basic homing algorithm The home procedure (IDN 148) is activated in
the servo drive. The drive accelerates (IDN 42) the axis to constant velocity (IDN 41) with
internal position control. Wen the home switch is activated, the drive decelerates the axis to
a stop and sets a bit in the "Position Feedback Status" (1DN 403).

Then the command position (IDN 47) is read fromthe drive and the controller's command/ actua
position registers are set with set_position(...). Finally, the drive procedure is ended with
cancel _exec_procedure(...).

Be sure to initialize the SERCOS comunication ring with serc_reset(...) before starting a drive
control |l ed home procedure

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Mtion Library Version 2.5
*
/

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <coni o. h>
#i ncl ude "pcdsp. h"
#i ncl ude "sercos. h"

#define AXIS 0
#defi ne HOVE_OFFSET OL

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;
switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
br eak
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code)
exit(1l);
br eak;
}
}
=="

s

tion Engineering, Inc.

J'Towoys

aunnoJ BuioH SOJY3S

2-175



CODE EXAMPLES

shomel.c

SERCOS Homing routine

2-176

int main()
{ intl6 error_code;
| ong pos, done = 0;

error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */
set_error_limt(AXIS, 0.0, NO _EVENT); /* disable controller error limt */

enabl e_anmplifier(AXlS); /* enable drive */

error(set_idn(AXIS, 52, HOVE_OFFSET)); /* home reference distance */
error(start_exec_procedure(AXl S, 148)); /* start home procedure */

printf("\nMving towards home switch (hit any key to quit)");
whi l e((!done) && (!'kbhit()))

error(get_idn(AXI'S, 403, &done)); /* position reference status */
if (done)
printf("\nHone found");
error(get_idn(AXI'S, 47, &pos)); /* command position */
set _position(AXI'S, (double)pos);
error(cancel _exec_procedure(AXl'S, 148)); /* end the honme procedure */

set_error_|limt(AXIS, 32767.0, ABORT_EVENT);

return O;

Motion Engineering, Inc.



CODE EXAMPLES

sidn.c
SERCOS: Decode IDN's value(s) based on its attributes

SERCOS

/* SIDN. C

1 SERCOS sanpl e to decode an IDN' s val ue(s) based on its attributes.

Thi s sanpl e denonstrates howto read the values for an | DN
in the SERCOS specification):

El ement 1:

"1 D Number"

size is 16 bits,
mandat ory

bi nary

El ement 2:

"Nane of operation data"

maxi num si ze i s 64 bytes

upper 4 bytes specify the string size
| ower 60 bytes are the string
optional

El enent 3:

"Attribute of operation data"

size is 4 bytes, binary

bits 0-15 represent the conversion factor

bits 16-18 represent the data |l ength

bit 19 represents the function of operation data
bits 20-22 represent the data type and display format

bits 24-27 represent places after the decimal point
bits 28-31 reserved

mandat ory

El ement 4:

"Qperation data unit"

maxi mum size is 16 bytes, binary/string

bytes 1-2 specify length of progranmmred text in drive

bytes 3-4 indicate maximumtext length (in bytes) in the drive
bytes 4-12 variable length character text string

optional

El erent 5:

"M ni mum i nput val ue of operation data"

size is the same as Elenent 7 (Operation Data),
optional

bi nary

El enent 6:

"Maxi mum i nput val ue of operation data"

size is the same as Elenent 7 (Operation Data),
optional

bi nary

El ement 7:
"Qperation data"
maxi mum si ze i s 65532 bytes,
Fi xed | engt h:

bi nary and/or string

bytes 1-2, operation data, 2 bytes
bytes 1-4, operation data, 4 bytes
Vari abl e | ength:
bytes 1-2, specify length of programed data (bytes) in drive
bytes 3-4, indicate maxi mum data | ength available (bytes) in drive

bytes 5-1ength, operation data

—
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CODE EXAMPLES

For nmore detailed information regarding the IDN el enents, please consult
t he SERCOCS specification

Witten for Mtion Library Version 2.5
*/

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>
#i ncl ude <coni o. h>

#i ncl ude <string. h>
#i nclude "idsp. h"

#i ncl ude "sercos. h"

#defi ne BUFFER_SI ZE 1024

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN ;

switch (error_code)

{
case DSP_X:
/* No error, so we can ignore it. */
br eak
defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1);
br eak;
}
}
intle print_list(intl6 axis, unsignedl6 idn)
{ intl6 i, len, p, a=0

unsi gned16 *buffer, channel, str[MAX_E2_I NTS];

i f (get _sercos_channel (axis, &channel))
return dsp_error

buffer = (unsignedl6*) call oc(BUFFER_SI ZE, si zeof (unsi gnedl6));
i f(read_i dn(channel, idn, & en, buffer, TRUE))
return dsp_error

printf("IDN-List for axis %, IDN %\n", axis, idn)
for(i =0; i < len; i++)
{ i f(get_elenent_2(channel, buffer[i], str))
mencpy(str, "No text avail able", 20)
p = buffer[i] & 0x8000;
if(p)
buffer[i] -= (int16)0x8000;
printf("%-9%ld-%ld\t%\n", p?"P":"S", a, buffer[i], str);

SERCOS Decode IDN's value(s) based on its attributes

return DSP_CK;

2-178

#i f def MElI _MSVC20 /* support for Mcrosoft Visual C C++ ver

# include "medexp.h" /* prototypes for access to DLL's interna

#endi f

/1#ifdef MEl_MSVCAO0 /* support for Mcrosoft Visual C C++ ver 4.0 */
# include "medexp.h" /* prototypes for access to DLL's interna

/[ #endi f

(&)

gf Be sure to initialize the SERCOS conmmunication ring with serc_reset(...)

O bef ore reading an | DN

‘D
Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

data */

data */

—
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}
intl6 print_long_list(intl6 axis, unsignedl6 idn)
{ intl16 i, len;
unsi gned16 channel ;
unsi gned32 *buffer;
i f (get _sercos_channel (axis, &channel))
return dsp_error;
buffer = (unsigned32*) call oc(BUFFER_SI ZE, si zeof (unsi gned32));
i f(read_i dn(channel, idn, & en, (unsignedl6*)buffer, TRUE))
return dsp_error;
for(i =0; i <len/2; i++)
printf("98ld\n",buffer[i]);
return DSP_CK;
}

int16 print_data_type(lI DN _ATTRI BUTES * attr)
{ long proc, type;

proc = (attr->elem3 & 0x80000); /* bit 19 indicates IDNis a Procedure */
printf("Data function: %\n", proc?"Procedure Command":"Qperation Data or Paraneter");
type = (attr->el em 3>>20) & OX7L; /* bit 20-22 represent data type */

switch (type)
{

case OL:
printf("Data type: binary\n");
br eak;

case 1L:

case 3L:
printf("Data type: unsigned integer\n");
br eak;

case 2L:
printf("Data type: signed integer\n");
br eak;

case 4L:
printf("Data type: text\n");
br eak;

case 5L:
printf("Data type: |ID Nunber (IDN)\n");
br eak;

defaul t:
printf("Data type: undefined\n");

}
return DSP_CK;

}

—
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int1l6 print_elenent_data(intl6 axis, unsignedl6 idn, intl6 size, |DN_ATTRI BUTES * attr)
{ long lval, exp;

(&} unsi gned16 channel, dr_addr;

c char str[200];

©

)] switch (size)
case 1: /* fixed data length (2 or 4 bytes) */
case 2:

printf("Fixed data length is: % bytes\n", (size * 2));

print_data_type(attr);

exp = (attr->el em 3>>24) & OxF; /* bits 24-27 represent decinmal places */
printf("Conversion Factor: 9% dx10e-% d\n", (attr->elem 3 & OXxFFFF), exp);
printf("Units: %\n", attr->elem4);

printf("Mninmum Value: %d\n", attr->elemb5);

printf("Mxinmum Value: %d\n", attr->elem§6);

whi | e(!kbhit())

{ error(get_idn(axis, idn, &val));

printf("Value: 940ld (0x% X) \r", lval, lval);
}
getch();
br eak;
case 4: /* String */

printf("Variable data length with 1-byte data strings.\n");
i f (get _sercos_channel (axis, &channel))

return dsp_error;
dr _addr = dspPtr->sercdatal channel].drive_addr;
if(get_idn_string(axis, dr_addr, idn, str))

return dsp_error;
printf("String: %\n", str);
br eak;

case 5: /* IDN String */
printf("Variable data length with 2-byte data strings.\n");
error(print_list(axis, idn));
br eak;

case 6: /* String (long) */
printf("Variable data length with 4-byte data strings.\n");
error(print_long_list(axis, idn));
br eak;

defaul t:
printf("Data |l ength is undefined\n");

}
return DSP_CK;
}

SERCOS Decode IDN's value(s) based on its attributes
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int main(int argc, char* argv[])

{

§||

intlé axis, error_code, size = 0;
unsi gned16 i dn;

char *endp;

| DN_ATTRI BUTES attr;

error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */

if(argc < 3)

{  printf("USAGE: SIDN [axis] [idn]");
return 1,

}

axis = (intl1l6) strtol (argv[1l], &endp, 10);
if(!strnicnp("0x", argv[2], 2))

idn = (unsignedl6) strtol (argv[2], &endp, 16);
el se

idn = (unsignedl6) strtol (argv[2], &endp, 10);

printf("IDN: % (O0x%)\n", idn, idn);
error(get_idn_attributes(axis, idn, &attr)); /* read the el ements */

/* Element 1 specifies the ID nunber. "P" indicates product specific,
"S" indicates standard. */
printf("%-%l-%\n", attr.elem1 & 0x8000 ? "P":"S",
(attr.elem1 & 0x7000) >> 12, attr.elem1 & OXFFF);
printf("Nane: 9%\n", attr.elem2); /* Name of operation data */

size = ((attr.elem3 >> 16) & 0x7); /* bits 16-18 represent data length */
error(print_elenent_data(axis, idn, size, &attr));

return DSP_CK;

—
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sidnl.c

SERCOS Read IDN value/string

2-182

sidnl.c
SERCOS: Read IDN value/string

SERCOS

/* SIDNL. C

: SERCOS | DN val ue/string read

Thi s sanpl e program denonstrates how to read an | DN val ue or

IDN string froma SERCOS node

Be sure to initialize the SERCOS ring with serc_reset(...) before reading/witing to an |DN

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application

requires

Witten for Mtion Library Version 2.5
*/

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>
#i ncl ude <conio. h>

#i nclude "idsp. h"

#i ncl ude "sercos. h"
#i ncl ude "sercrset. h"

#define AXIS 0
#def i ne ADDR 1
#define | DN 30 /* Manufacturer Version (string) */

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
br eak

defaul t:
error_msg(error_code, buffer)

fprintf(stderr, "ERROR % (@mj.\n", buffer, error_code)

exit(1l);
br eak;

H |
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int main(void)

{

intl16 error_code, size;
int32 val ue;
char string[ MAX_ERROR_LEN];

error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */
error(get_idn_size(AXIS, IDN, &size)); /* deternine data size */

if (size)

{ error(get_idn(AXI'S, |IDN, &value));
printf("\nData | ength(words) is: %\ n", size);
printf("\nVvalue: %d", value);

else /* variable length string */

{ error(get_idn_string(AXIS, 1, IDN, string));
printf("\nData length is variable\n");
printf("\n%", string);

}

return O;
}
==~
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sidnl.c

SERCOS Read "IDN-List" fromIDN in drive
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sidnl.c
SERCOS: Read "IDN-List" from IDN in drive

SERCOS

/* SIDNL. C
1 SERCOS sanple to read an "IDN-List" froman IDNin a specific drive

The "Operation Data" for several IDNs are actually a variable length Iist of IDNs. This sanple
code denonstrates how to read an "IDN-List" froman | DN

Here are sone useful IDNs (with IDN-Lists):
| DN Description

17 Li st of all operation data.

25 Li st of all procedure commands.

192 Li st of backup operation data.

187 Li st of configurable data in the AT
188 Li st of configurable data in the MDT

21 Li st of invalid operation data for CP2
22 List of invalid operation data for CP3
23 Li st of invalid operation data for CP4
18 Li st of operation data for CP2
19 Li st of operation data for CP3
20 Li st of operation data for CP4

Be sure to initialize the SERCOS communication ring with serc_reset(...) before reading the |ist
of supported | DNs.

Pl ease consult the drive manufacturer's docunmentati on or SERCCS specification for nore inforna-
tion concerning "IDN-List".

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Mtion Library Version 2.5
*/

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <conio. h>
#i ncl ude <string. h>
#i nclude "idsp.h"

#i ncl ude "sercos. h"

#i f def MEI _MSVC20 /* support for Mcrosoft Visual C/ C++ ver 2.0 */

# include "nmedexp.h" /* prototypes for access to DLL's internal data */
#endi f

#i f def MElI _MSVC4A0 /* support for Mcrosoft Visual C/ C++ ver 4.0 */

# include "nmedexp.h" /* prototypes for access to DLL's internal data */
#endi f

#define BUFFER _SI ZE 1024

#define AXIS 0

#define | DN 17

—
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void error(intl6 error_code)
char buffer[ MAX_ERROR LEN] ;

switch (error_code)

{
case DSP_CK:
/* No error, so we can ignore it. */
break ;
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1l);
br eak;
}
}
int main()
intl6 error_code, len, value, p, a=0;
unsi gned16 i, *buffer, channel, str[MAX_E2_| NTS];
error_code = do_dsp(); /* initialize comrunication with the controller */
error(error_code); /* any problens initializing? */
buffer = (unsignedl6*) call oc(BUFFER_SI ZE, si zeof (unsi gnedl6));
error(get_sercos_channel (AXI' S, &channel)); /* read channel assigned to axis */
error(read_idn(channel, IDN, & en, buffer, TRUE)); /* read list of idns */
printf("List of IDN Values for axis: %\n", AXIS);
for(i =0; i < len; i++)
{ i f(get_elenent_2(channel, buffer[i], str))
mencpy(str, "No text available", 20);
p = buffer[i] & 0x8000;
i f(p) _ _
buffer[i] -= (int16)0x8000;
printf("%-%ld- %id %s\n",p?"P":"S", a, buffer[i], str);
}
return O;
}
==~

s

tion Engineering, Inc.

J’|ups

SALIp UINd| WO} S1T-Ndl. Pesd SOJ43S

2-185



CODE EXAMPLES

sidns.c

SERCOS Read/write/copy a group of IDNs
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sidns.c
SERCOS: Read/write/copy a group of IDNs

SERCOS

/* SIDNS. C

:Read/ Witel/ Copy a group of SERCOS | DNs.

This sanple code denonstrates howto read/wite a |ist of sequential SERCOS | DN data val ues.

Be sure to initialize the SERCOS ring with serc_reset(...) before reading/witing to the |DNs.
Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires.

Witten for Mtion Library Version 2.5

*/

#i ncl ude <stdio. h>
#i nclude <stdlib. h>
#i ncl ude "pcdsp. h"
#i ncl ude "sercos. h"

#defi ne SOURCE_AXI S
#defi ne SOURCE_ADDR

= O

/* SERCOS Node Address */

#def i ne TARGET_AXI S
#def i ne TARGET_ADDR

N -

/* SERCOS Node Address */

30 /* first Standard |DN */
0 /* first Product Specific IDN */

#defi ne FIRST_S | DN
#define FIRST_P_IDN
#def i ne S_I DNS 200
#defi ne P_I DNS 100

IDNS s_buffer[S I DNS|;
I DNS p_buffer[P_I DNS];

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
break ;

defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1l);
br eak;
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int main()

§||

intl6 error_code, i;

error_code = do_dsp(); /* initialize comunication with the controller */
error(error_code); /* any problens initializing? */

printf("\nReadi ng Standard | DNs.
error(get_i dns( SOURCE_AXI S, SOJRCEADDR FIRST_S_ IDN, S_IDNS, s_buffer));
printf("done.\n");
for(i = 0; i < S_IDNS; i++)
if (!'s_buffer[i].error)
printf("S-0-%td:\t%d\n", s _buffer[i].idn, s_buffer[i].value);

printf("\nReading Drive Specific IDNs...");
error(get_idns(SOURCE_AXI S, SOURCE_ADDR, (0x8000 + FIRST_P_IDN), P_IDNS, p_buffer));
printf("done.\n");
for(i = 0; i < P_IDNS; i++)
if (!p_buffer[i].error)
printf("P-0-%td:\t%d\n", (p_buffer[i].idn - 0x8000), p_buffer[i].value);

printf("\nWiting Standard | DNs.
error(set_idns( TARGET_AXI S, TARGET ADDR S IDNS, s_buffer));
printf("done.\n");
for(i = 0; i < S_IDNS; i++)
if (!'s_buffer[i].error)
printf("P-0-%d:\t%d\n", s _buffer[i].idn, s_buffer[i].value);

printf("\nWiting Drive Specific IDNs...");
error(set_idns( TARGET_AXI S, TARGET_ADDR, P_IDNS, p_buffer));
printf("done.\n");
for(i = 0; i < P_IDNS; i++)
if (!p_buffer[i].error)
printf("P-0-%td:\t%d\n", (p_buffer[i].idn - 0x8000), p_buffer[i].value);

return O;
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sinitl.c
&) e . . . .
o SERCOS: Initialize ring with Indramat drive
)
=
2 Table 2-1 Functions used to debug ring initialization
Function Description
print_drive _assignment(...) displaysthe axis and address assignmentsfor all of the
possible axes
print_log(...) displays any drive messages
print_phase2idns(...) displays any phase 2 IDNs that were set improperly
and are required for loop initiaization
print_phase3idns(...) displays any phase 3 IDNs that were set improperly

and are required for loop initiadization

SERCOS

/* SINIT1. C

:SERCOS initialization with Indramat drive

Thi s sanpl e program denpnstrates SERCOS ring initialization with an Indramat servo drive
The followi ng functions can be used for debugging the ring initialization

print_drive_assignnent(...) - displays the axis and address assignnments for
all of the possible axes

print_log(...) - displays any drive nessages

print_phase2idns(...) - displays any phase 2 IDNs that were set inproperly
and are required for loop initialization

print_phase3idns(...) - displays any phase 3 IDNs that were set inproperly
and are required for loop initialization

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Mtion Library Version 2.5
*/

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>
#i ncl ude <coni o. h>

#i nclude "idsp. h"

#i ncl ude "sercos. h"
#i ncl ude "sercrset.h"

SERCOS Initialize ring with Indramat drive

#i f def MElI _MSVC20 /* support for Mcrosoft Visual C C++ ver 2.0 */

# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f

#i f def MElI _MSVCA0 /* support for Mcrosoft Visual C C++ ver 4.0 */

# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f
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#defi ne NODES 1 /* Nurmber of nodes on Sercos ring */
#defi ne AXI S 0
#def i ne NODE_ADDR 1

/* Drive Configuration Data */

DRI VE_I NFO dri ve_i nf o[ NODES] = {

/* {Axis, Drive Address, Operation Mde, Mnufacturer} */
{AXI'S, NODE_ADDR, POSMODE, | NDRANAT}

}

void error(intl6 error_code)

char buffer[ MAX_ERROR_LEN] ;

switch (error_code)

{
case DSP_X:
/* No error, so we can ignore it. */
break ;
defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code) ;
exit(1);
br eak;
}
}
voi d print_drive_assignment (void)
{ intl6 i;

for(i = 0; i < PCDSP_MAX_AXES; i ++)
{ i f(assignedDrive[i] > 0)

printf("Axis % assigned to Drive %.\n", i, assignedDrive[i]);
el se
{ i f(assignedDrive[i] == -1)
printf("Axis % Drive could not be found.\n", i);
el se
printf("Axis % not assigned to any drive.\n", i);
}
}
printf("\n");

voi d print_log(void)

{ int16 i, j;
for(i = 0; i < dspPtr->axes; i++)
{ for(j =0; j <logCount[i]; j++)
printf("Axis: %l -- %\n", i, driveMsgs[i][j].nsgstr);
}
}

voi d print_phase2i dns(voi d)
{ intl6 axis, j;

for(axis = 0; axis < PCDSP_MAX_AXES; axis++)
{ i f (phase2_i dncount [ axi s])
{ printf("Phase 2 IDNs not set for axis %:\n", axis);
for(j = 0; j < phase2_idncount[axis]; j++)
printf("% (0x%)\n", phase2_idnlist[axis][j], phase2_idnlist[axis][j]);
printf("\n");
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sinitl.c

SERCOS Initialize ring with Indramat drive

2-190

voi d print_phase3i dns(voi d)

{

}

intl6é axis, j;

for(axis = 0; axis < PCDSP_MAX_AXES; axis++)
{ i f (phase3_i dncount [ axi s])

{ printf("Phase 3 IDNs not set for axis %:\n", axis);

for(j = 0; j < phase3_idncount[axis]; j++)
printf("%l (0x%)\n", phase3_idnlist[axis][j],
printf("\n");

}

int mai n(voi d)

int1l6 error_code;

error_code = do_dsp();

phase3_idnlist[axis][j]);

/* initialize conmunication with the controller */

error(error_code); /* any problens initializing? */

error_code = serc_reset (Bl T_RATE2, NODES, drive_info);

print_drive_assignnent();
print_log();

if(error_code == DSP_SERCOS_DRI VE_I NI T)
{ int1l6 drives;
unsi gned16 addrs[8], i;
get _drive_addresses(BlI T_RATE2, &drives, addrs);
for(i = 0; i < drives; i++)
printf("Drive found at address %\n", addrs[i]);

}

i f(error_code == DSP_SERCOS_127_FAl LURE)
print _phase2idns();

i f(error_code == DSP_SERCOS_128_FAl LURE)
print_phase3idns();

error(error_code);

enabl e_anplifier(AXl'S); /* enabl e servo drive */

return O;

H |
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sinit2.c
SERCOS: Initialize ring with Indramat drive (Phase 2, 3)

Table 2-2 Functions used to debug ring initialization with Indramat drive

Function Description

print_drive _assignment(...) displaysthe axis and address assignmentsfor all of the
possible axes.

print_log(...) displays any drive messages.

print_phase2idns(...) displays any phase 2 IDNs that were set improperly
and are required for loop initialization.

print_phase3idns(...) displays any phase 3 IDNs that were set improperly

and are required for loop initialization.

SERCOS

/* SINT2.C
:SERCOS initialization with Indramat drive, phase 2,3 | DNs.

Thi s sanpl e program denonstrates SERCOS ring initialization with an Indramat servo drive. Also
phase 2 and 3 specific IDNs are configured for initialization with serc_reset(...).

The follow ng functions can be used for debugging the ring initialization

print_drive_assignnent(...) - displays the axis and address assignnents for
all of the possible axes

print_log(...) - displays any drive nmessages

print_phase2idns(...) - displays any phase 2 IDNs that were set inproperly
and are required for loop initialization

print_phase3idns(...) - displays any phase 3 IDNs that were set inproperly
and are required for loop initialization

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Mtion Library Version 2.5
*/

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>
#i ncl ude <coni o. h>

#i nclude "idsp.h"

#i ncl ude "sercos. h"
#i ncl ude "sercrset. h"

#i f def MElI _MSVC20 /* support for Mcrosoft Visual C/ Ct+ ver 2.0 */

# include "nmedexp.h" /* prototypes for access to DLL's internal data */
#endi f

#i f def MElI _MSVC4A0 /* support for Mcrosoft Visual C/ Ct+ ver 4.0 */

# include "nmedexp.h" /* prototypes for access to DLL's internal data */
#endi f
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sinit2.c

SERCOS Initialize ring with Indramat drive (Phase 2, 3)
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#def i ne NCDES 1
#def i ne AXl S 0
#def i ne NCDE_ADDR 1

/* Number of nodes on Sercos ring */

#defi ne PHASE2_IDNS 2 /* Nunmber of Phase 2 IDNs */
#define PHASE3_IDNS 1 /* Nunber of Phase 3 IDNs */

/* Drive Configuration Data */

DRI VE_I NFO dri ve_i nf o[ NODES] = {

/* {Axis, Drive Address, Operation Mde, Mnufacturer} */
{AXI'S, NODE_ADDR, POSMODE, | NDRANAT}

}s

/* Phase 2 I DNs Configuration Data */

DRI VE_I DNS phase_2_i dns[ PHASE2_|I DNS] = {

/* {IDN, Value, Drive Address} */
{79, 36000, NCDE_ADDR}, /* Rotational Position Resolution */
{55, 0x0, NODE_ADDR} /* Position Polarity */

b

/* Phase 3 IDNs Configuration Data */
DRI VE_|I DNS phase_3_i dns[ PHASE2_I DNS] = {
/* {IDN, Value, Drive Address} */
{104, 2000, NCDE_ADDR} /* Position Loop Gain */
i

void error(intl6 error_code)

{
char buff er [ MAX_ERROR LEN| ;

switch (error_code)

{
case DSP_X:
/* No error, so we can ignore it. */
break ;
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1l);
br eak;
}
}
void print_drive_assignment(void)
{ intl6 i;

for(i = 0; i < PCDSP_MAX_AXES; i ++)
{ i f(assignedDrive[i] > 0)

printf("Axis % assigned to Drive %.\n", i, assignedDrive[i]);
el se
{ i f(assignedDrive[i] == -1)
printf("Axis % Drive could not be found.\n", i);
el se
printf("Axis % not assigned to any drive.\n", i);
}
}
printf("\n");
}
voi d print_|og(void)
{ intl16 i, j;
for(i = 0; i < dspPtr->axes; i++)
{ for(j =0; j <logCount[i]; j++)
printf("Axis: % -- %\n", i, driveMsgs[i][j].nsgstr);
}
}

H |
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voi d print_phase2i dns(voi d)
{ intl6 axis, j;

for(axis = 0; axis < PCDSP_MAX_AXES; axis++)
{ i f (phase2_i dncount [ axi s])
{ printf("Phase 2 IDNs not set for axis %d:\n", axis);
for(j = 0; j < phase2_idncount[axis]; j++)
printf ("%l (0x%)\n", phase2_idnlist[axis][j], phase2_idnlist[axis][j]);
printf("\n");

}
}

voi d print_phase3i dns(voi d)
{ intl6 axis, j;

for(axis = 0; axis < PCDSP_MAX_AXES; axis++)
{ i f (phase3_i dncount [ axi s])
{ printf("Phase 3 IDNs not set for axis %:\n", axis);
for(j = 0; j < phase3_idncount[axis]; j++)
printf("% (0x%)\n", phase3_idnlist[axis][j], phase3_idnlist[axis][j]);
printf("\n");

}
}

int main(void)
intl6 error_code;

error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */

error (configure_phase2_i dns(PHASE2_I DNS, phase_2_idns));
error (configure_phase3_i dns(PHASE3_|I DNS, phase_3_idns));
error_code = serc_reset (Bl T_RATE2, NODES, drive_info);

print_drive_assignnent();
print_log();

i f(error_code == DSP_SERCOS_DRI VE_I NI T)
{ intl6 drives;
unsi gned16 addrs[8], i;
get _drive_addresses(BlI T_RATE2, &drives, addrs);
for(i =0; i < drives; i++)
printf("Drive found at address %\n", addrs[i]);
}
i f(error_code == DSP_SERCOS_127_FAl LURE)
print_phase2i dns();
i f(error_code == DSP_SERCOS_128_FAl LURE)
print_phase3i dns();
error(error_code);

enabl e_anplifier(AXlS); /* enabl e servo drive */
return O;

}

7
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sinit3.c

SERCOS Initialize ring with Indramat drive (user cyclic data)
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sinit3.c
SERCOS: Initialize ring with Indramat drive (user cyclic data)

Table 2-3 Functions used to debug ring initialization with Indramat drive, user-specified cyclic data

Function Description

print_drive _assignment(...) displays the axis and address assignments for all of
the possible axes.

print_log(...) displays any drive messages.

print_phase2idns(...) displays any phase 2 IDNsthat were set improperly
and are required for loop initialization.

print_phase3idns(...) displays any phase 3 IDNsthat were set improperly

and are required for loop initialization.

SERCOS

/* SINT3.C
:SERCOS initialization with Indramat drive, user-specified cyclic data

Thi s sanpl e program denonstrates SERCOS ring initialization with an Indramat servo drive. Also
specific IDNs are configured to be sent in the Anplifier Tel egram and the Master Data Tel egram
(cyclic data).

The followi ng functions can be used for debugging the ring initialization

print_drive_assignnent(...) - displays the axis and address assignnments for
all of the possible axes

print_log(...) - displays any drive nessages

print_phase2idns(...) - displays any phase 2 IDNs that were set inproperly
and are required for loop initialization

print_phase3idns(...) - displays any phase 3 IDNs that were set inproperly
and are required for loop initialization

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Mtion Library Version 2.5
*/

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>
#i ncl ude <coni o. h>

#i nclude "idsp. h"

#i ncl ude "sercos. h"
#i ncl ude "sercrset.h"

#i f def MElI _MSVC20 /* support for Mcrosoft Visual C C++ ver 2.0 */

# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f

#i f def MElI _MSVCA0 /* support for Mcrosoft Visual C C++ ver 4.0 */

# include "medexp.h" /* prototypes for access to DLL's internal data */
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#endi f

#defi ne NODES 1
#define AXIS 0
#def i ne NODE_ADDR 1

/* Nurmber of nodes on Sercos ring */

#define AT_I DNS 1 /* Nunber of IDNS for the AT */
#def i ne MDT_I DNS 1 /* Nunmber of IDNS for the MDT */

/* Drive Configuration Data */

DRI VE_I NFO dri ve_i nf o[ NODES] = {

/* {Axis, Drive Address, Operation Mde, Mnufacturer} */
{AXI'S, NCDE_ADDR, POSMODE, | NDRAMAT}

s

/* AT Configuration Data */
CYCLI C_DATA at _i dns[ AT_IDNS] = {
/* {IDN, Drive Address} */
{130, NODE_ADDR} /* Probe 1 - Positive Edge Position Value */

}s
/* NMDT Configuration Data */
CYCLI C_DATA ndt _i dns[ MDT_I DNS] = {
/* {IDN, Drive Address} */

{91, NOCDE_ADDR} /* Bipolar Velocity Limt */
s

void error(intl6 error_code)
char buf fer[ MAX_ERROR_LEN] ;

switch (error_code)

{
case DSP_CK:
/* No error, so we can ignore it. */
break ;
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code) ;
exit(1l);
br eak;
}
}
voi d print_drive_assignment (voi d)
{ intl6 i;
for(i = 0; i < PCDSP_MAX_AXES; i ++)
{ i f(assignedDrive[i] > 0)
printf("Axis % assigned to Drive %.\n", i, assignedDrive[i]);
el se
{ i f(assignedDrive[i] == -1)
printf("Axis % Drive could not be found.\n", i);
el se
printf("Axis % not assigned to any drive.\n", i);
}
}
printf("\n");
}
voi d print_|og(void)
{ intl6 i, j;
for(i = 0; i < dspPtr->axes; i++)
{ for(j =0; j <logCount[i]; j++)
printf("Axis: % -- %\n", i, driveMsgs[i][j].nsgstr);
}
}
=="
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sinit3.c

SERCOS Initialize ring with Indramat drive (user cyclic data)
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voi d print_phase2i dns(voi d)

{

}

intl6é axis, j;

for(axis = 0; axis < PCDSP_MAX_AXES; axis++)
{ i f (phase2_i dncount [ axi s])

{ printf("Phase 2 IDNs not set for axis %:\n", axis);

for(j = 0; j < phase2_idncount[axis]; j++)
printf("%l (0x%)\n", phase2_idnlist[axis][j],
printf("\n");

}

voi d print_phase3i dns(voi d)

{

}

intl6é axis, j;

for(axis = 0; axis < PCDSP_MAX_AXES; axi s++)
{ i f (phase3_i dncount [ axi s])

phase2_idnlist[axis][j]);

{ printf("Phase 3 IDNs not set for axis %:\n", axis);

for(j = 0; j < phase3_idncount[axis]; j++)
printf("%l (0x%)\n", phase3_idnlist[axis][j],
printf("\n");

}

int main(void)

intl6 error_code;

error_code = do_dsp();

phase3_idnlist[axis][j]);

/* initialize conmunication with the controller */

error(error_code); /* any problens initializing? */

error(configure_at_data(AT_IDNS, at_idns));
error(configure_ndt_data(MDT_IDNS, ndt_idns));
error_code = serc_reset (Bl T_RATE2, NODES, drive_info);

print_drive_assignnent();
print_log();

i f(error_code == DSP_SERCOS_DRI VE_I NI T)
{ intl6 drives;
unsi gned16 addrs[8], i;
get _drive_addresses(BlI T_RATE2, &drives, addrs);
for(i =0; i < drives; i++)
printf("Drive found at address %\n", addrs[i]);
}
i f(error_code == DSP_SERCOS_127_FAl LURE)
print _phase2i dns();
i f(error_code == DSP_SERCOS_128_FAl LURE)
print_phase3i dns();
error(error_code);

enabl e_anplifier(AXS); /* enabl e servo drive */

return O;

H |
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sinit4.c
SERCOS: Initialize loop with Lutze ComCon/16-bit I/O modules

SERCOS

/* SINT4.C
:SERCOS | oop initialization with Lutze ConCon, 16bit input and output nodul es.

Thi s sanpl e program denonstrates SERCOS | oop initialization with a Lutze ConCon sl ave nodul e
Additionally, a 16bit input and a 16-bit output nodule are nmounted in the Lutze carrier unit
(backpl ane) .

The 1/ O nodul es are mapped into the cyclic data and updated by the DSP every SERCOS | oop cycle.
The Inputs are napped into the "AT" and the Qutputs are napped into the "MDT". The cyclic data
can be accessed fromthe host with the functions read_cyclic_at_data(...) and read/
wite_cyclic_ndt_data(...).

Here are the configurations
SERCCS Baud Rate = 2Mit

Lut ze ConCon: Axis = 0, SERCOS Address = 10
Lut ze I nput Mbdule: Address = 2066
Lut ze CQut put Mdul e: Address = 2086

Note: The Lutze I/O nodul e addresses (IDNs in cyclic data) are switch selectable. Please consult
the Lutze docunentation for nore details.

The followi ng functions can be used for debugging the ring initialization

print_drive_assignnent(...) - displays the axis and address assignnments for
all of the possible axes

print_log(...) - displays any drive nmessages

print_phase2idns(...) - displays any phase 2 IDNs that were set inproperly
and are required for loop initialization

print_phase3idns(...) - displays any phase 3 IDNs that were set inproperly
and are required for loop initialization.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Mtion Library Version 2.5
*
/

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>
#i ncl ude <conio. h>

#i nclude "idsp.h"

#i ncl ude "sercrset. h"

#i f def MEI _MSVC20 /* support for Mcrosoft Visual C/ C++ ver 2.0 */

# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f

#i f def MEI _MSVC40 /* support for Mcrosoft Visual C/ C++ ver 4.0 */

# include "medexp.h" /* prototypes for access to DLL's internal data */
#endi f
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SERCOS Initialize loop with Lutze ComCon/16-bit I/O modules
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#defi ne NODES 1 /* Nurmber of nodes on Sercos ring */
#define AXI S 0

#def i ne NODE_ADDR 10

#define AT_I DNS 1 /* Nunber of IDNs for the AT */
#def i ne MDT_I DNS 1 /* Nunber of IDNs for the MDT */

/* Drive Configuration Data */

DRI VE_I NFO dri ve_i nf o[ NODES] = {

/* {axis, Sercos drive address, drive type, drive manufacturer} */
{AXI'S, NODE_ADDR, USERMAP, LUTZE}

s

/* AT Configuration data */
CYCLI C_DATA at _i dns[ AT_I DNS] = {
/* {idn, Sercos drive address} */
{2066, NODE_ADDR} /* IDN is the address of the Input nmodule */

h

/* NMDT Configuration Data */
CYCLI C_DATA ndt _i dns[ MDT_I DNS] = {
/* {idn, Sercos drive address} */
{2086, NODE_ADDR} /* IDN is the address of the Qutput nodule */

h

void error(intl6 error_code)

{
char buff er [ MAX_ERROR LEN| ;

switch (error_code)

{
case DSP_CK:
/* No error, so we can ignore it. */
break ;
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code) ;
exit(1l);
br eak;
}
}
voi d print_drive_assignment (void)
{ intl6 i;
for(i = 0; i < PCDSP_MAX_AXES; i ++)
{ i f(assignedDrive[i] > 0)
printf("Axis % assigned to Drive %.\n", i, assignedDrive[i]);
el se
{ i f(assignedDrive[i] == -1)
printf("Axis % Drive could not be found.\n", i);
el se
printf("Axis % not assigned to any drive.\n", i);
}
}
printf("\n");
}
voi d print_|og(void)
{ intl6 i, j;
for(i = 0; i < dspPtr->axes; i++)
{ for(j =0; j <logCount[i]; j++)
printf("Axis: % -- %\n", i, driveMsgs[i][j].nsgstr);
}
}
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voi d print_phase2i dns(voi d)
{ intl6 axis, j;

for(axis = 0; axis < PCDSP_MAX_AXES; axis++)
{ i f (phase2_i dncount [ axi s])
{ printf("Phase 2 IDNs not set for axis %d:\n", axis);
for(j = 0; j < phase2_idncount[axis]; j++)
printf ("%l (0x%)\n", phase2_idnlist[axis][j], phase2_idnlist[axis][j]);
printf("\n");

}
}

voi d print_phase3i dns(voi d)
{ intl6 axis, j;

for(axis = 0; axis < PCDSP_MAX_AXES; axis++)
{ i f (phase3_i dncount [ axi s])
{ printf("Phase 3 IDNs not set for axis %:\n", axis);
for(j = 0; j < phase3_idncount[axis]; j++)
printf("% (0x%)\n", phase3_idnlist[axis][j], phase3_idnlist[axis][j]);
printf("\n");

}
}

int main(void)

intl6 error_code, lutze_in, lutze_out;

error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */
error(configure_at_data(AT_IDNS, at_idns)); /* input data */
error(configure_ndt_data(MDT_IDNS, ndt_idns)); /* output data */

error_code = serc_reset (Bl T_RATE2, NODES, drive_info);

print_drive_assignnent();
print_log();

i f(error_code == DSP_SERCOS_DRI VE_I NI T)
{ intl6 drives;
unsi gned16 addrs[8], i;
get _drive_addresses(BlI T_RATE2, &drives, addrs);
for(i = 0; i < drives; i++)
printf("Drive found at address %\n", addrs[i]);
}
i f(error_code == DSP_SERCOS_127_FAl LURE)
print_phase2i dns();
i f(error_code == DSP_SERCOS_128_FAl LURE)
print_phase3i dns();
error(error_code);

enabl e_anplifier(AXlS); /* enabl e Lutze bl ock */
wite cyclic_ndt_data(AXl'S, 0, 0x5555);/* wite the outputs */

printf("Lutze 1/0.\n");
while (!kbhit())

{ lutze_in = read_cyclic_at_data(AXl'S, 0); /* read inputs */
lutze_out = read_cyclic_ndt_data(AXl'S, 0); /* read outputs */
printf("\rln:0x%ix Qut:Ox%ix", lutze_in, lutze_out);

}

getch();

return O;

}
==~
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CODE EXAMPLES

slave.c

Command motion with linked axes

2-200

save.c
Command motion with linked axes

Electronic Gearing

/* SLAVE. C

:Sinmpl e denonstration of conmanded nmotion with |inked axes.

This code links 2 axes together by actual position. Then the naster axis is put in ldl e node so
its motor shaft can be turned by hand. The DSP will command the slave axis to follow the master.

Then the slave is comanded to nove. Then the master is put into Run nbde and commanded to nove
Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

*/

/* Revision Control System |nformation
$Sour ce$
$Revi si on$
$Dat e$
$Log$

*/

# include <stdio. h>

# include <stdlib.h>

# include <conio. h>

# include "pcdsp. h"

# define MASTER O

# define SLAVE 1

# define RATIO 1.0

void error(intl6 error_code)

{
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
br eak

defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code)
exit(1l);
br eak;

—
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int16 display(void)

{
doubl e actual, conmand,
while (!kbhit()) /* wait for a key press */
{ get _command( SLAVE, &conmand);
get _posi tion(SLAVE, &actual);
printf("Slave Crd: 98.0lf Act: 98.0lf\r", commuand, actual);
getch();
return O;
}
int16 main()
intl6 error_code;
error_code = do_dsp(); /* initialize comunication with the controller */
error(error_code); /* any problens initializing? */
nei _| i nk( MASTER, SLAVE, RATI O, LINK_ACTUAL);
controller_idl e(MASTER) ; /* disable PID control */
printf("\nAxes |linked, Master is in ldle nmode.\n");
di splay();
start_nove( SLAVE, 4000.0, 1000.0, 4000.0); /* nmove the SLAVE axis */
printf("\'nConmandi ng sl ave axis to nove\n");
di splay();
controller_run( MASTER) ; /* enable PID control */
start _nmove( MASTER, 4000.0, 1000.0, 4000.0); /* move |inked axes */
start _move( MASTER, -4000.0, 1000.0, 4000.0);
printf("\nCommandi ng master axis to nove\n");
di splay();
endl i nk( SLAVE) ; /* unlink axes */
return O;
}
==~
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CODE EXAMPLES

snfind.c
(&) .
35 SERCOS: Find node addresses
c
y—
77 SERCOS
/* SNFI ND. C
: SERCOS Node find.
Thi s sanpl e program denonstrates how to find the addresses of Nodes connected to a SERCOS ring.
Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires.
Witten for Mtion Library Version 2.5
*/
#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>
#i ncl ude <coni o. h>
#i nclude "idsp.h"
#i nclude "sercos. h"
#i ncl ude "sercrset.h"
void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;
% switch (error_code)
= {
] case DSP_OX:
-% /* No error, so we can ignore it. */
() break ;
8
c defaul t:
ko) error_msg(error_code, buffer) ;
= fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
LL exit(1);
) br eak;
Q ) }
@)
ox
EH i nt main(voi d)
{
intl6 error_code, i, nodes;
unsi gned16 addrs[ 8];
error_code = do_dsp(); /* initialize comrunication with the controller */
error(error_code); /* any problens initializing? */
error(get_drive_addresses(BlI T_RATE2, &nodes, addrs));
for(i = 0; i < nodes; i++)
printf("SERCOS Node found at address %\n", addrs[i]);
return O;
}
2-202 =
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speed.c

Determine function execution time (how long)

Performance Benchmarking
/* SPEED. C
:Test function execution tine.
This code uses the DSP's sanple clock to calculate the execution tine for several library func-

tions.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It nmay not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

*/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$

*/

# include <stdio.h>

# include <stdlib.h>

# include <dos. h>

# include "pcdsp.h"

void error(intl6 error_code)
char buffer[ MAX_ERROR_LEN] ;

switch (error_code)
{
case DSP_OX:
/* No error, so we can ignore it. */
br eak

defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code)
exit(1l);
br eak;
}
}

void calculate_tinme(intl6 t1, intl6 t2, intl6 cycles)

intl6 delta, sanple_rate
doubl e e_tine;

sanple_rate = dsp_sanple_rate();
delta =t2 - t1;
e time = 1.e6 * (delta)/((double)cycles * (double)sanple_rate);
printf("% cycles in % sanples (% f m croseconds/cycle).\n\n",
cycles, delta, e_tinme);

-
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CODE EXAMPLES

speed.c

Determine function execution time (how long)

2-204

voi d test_no_function(intl6 cycles)
intl6 i, t1, t2;
printf("\nBasic Cycle (no function called)\n");

di sabl e();
t1l = dsp_read_dm(Ox11F);

for(i = 0; i < cycles; i++)

t2 = dsp_read_dm(Ox11F);
enabl e();
calculate_time(tl, t2, cycles);

}
voi d test_dsp_read_dn{(int1l6 cycles)
intle i, t1, t2;
printf("dsp_read_dn() function\n");

di sabl e();
t1l = dsp_read_dm(Ox11F);

for(i = 0; i < cycles; i++)
dsp_read_dn{0x11F);

t2 = dsp_read_dm(Ox11F);

enabl e();

calculate_time(tl, t2, cycles);

}
void test_dsp_wite_dn{intl6 cycles)
intle i, t1, t2;
printf("dsp_wite_dn() function\n");

di sabl e();
t1l = dsp_read_dm(Ox11F);

for(i = 0; i < cycles; i++)
dsp_write_dm(0x100, 0);

t2 = dsp_read_dm(Ox11F);

enabl e();

calculate_time(tl, t2, cycles);

}
voi d test_get_io(intl6 cycles)
intle i, t1, t2, value;
printf("get_io() function\n");

di sabl e();
t1l = dsp_read_dm(Ox11F);

for(i =0; i < cycles; i++)
get _io(0, &value);

t2 = dsp_read_dm Ox11F);
enabl e();
calculate_time(tl, t2, cycles);

H |
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voi d test_set_io(intl6 cycles)
intl6 i, t1, t2;
printf("set_io() function\n");

di sabl e();
t1l = dsp_read_dm(Ox11F);

for(i = 0; i < cycles; i++)
set _io(0, 0);

t2 = dsp_read_dm(Ox11F);
enabl e();
calculate_time(tl, t2, cycles);

}

voi d test_get_command(int16 cycles)

intle i, t1, t2;
doubl e val ue;

printf("get_comrand() function\n");

di sabl e();
t1l = dsp_read_dm(Ox11F);

for(i = 0; i < cycles; i++)
get _conmmand(0, &val ue);

t2 = dsp_read_dm(Ox11F);
enabl e();
calculate_time(tl, t2, cycles);

}

voi d test_set_command(int16 cycles)

intle i, t1, t2;
doubl e value = 0.0;

printf("set_command() function\n");

di sabl e();
t1l = dsp_read_dm(Ox11F);

for(i = 0; i < cycles; i++)
{ set_conmmand(0, value);
value += 1.0

}
t2 = dsp_read_dm(Ox11F);
enabl e();
calculate_time(tl, t2, cycles);
}
[ oo ——
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CODE EXAMPLES

speed.c

Determine function execution time (how long)

2-206

voi d test_get_position(intl6 cycles)

intle i, t1, t2;
doubl e val ue;

printf("get_position() function\n");

di sabl e();
t1l = dsp_read_dm(Ox11F);

for(i = 0; i < cycles; i++)
get _position(0, &value);

t2 = dsp_read_dm(Ox11F);
enabl e();
calculate_time(tl, t2, cycles);

}
voi d test_set_position(intl6 cycles)

intle i, t1, t2;
doubl e value = 0.0;

printf("set_position() function\n");

di sabl e();
t1l = dsp_read_dm(Ox11F);

for(i = 0; i < cycles; i++)
{ set_position(0, value);
value += 1.0

}
t2 = dsp_read_dm(Ox11F);
enabl e();

calculate_time(tl, t2, cycles);

}
voi d test_get_anal og(int16 cycles)
intle i, t1, t2, value
printf("get_analog() function\n");

di sabl e();
t1l = dsp_read_dm(Ox11F);

for(i = 0; i < cycles; i++)
get _anal og(0, &val ue);

t2 = dsp_read_dm(Ox11F);
enabl e();
calculate_time(tl, t2, cycles);
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void test_start_r_nove(intl1l6 cycles)

}

intle i, t1, t2;

printf("start_r_rmove() function\n");
error(dsp_reset());

di sabl e();
t1l = dsp_read_dm(Ox11F);

for(i = 0; i < cycles; i++)

start _r_nove(0, 1000.0, 10000.0, 100000.0);

t2 = dsp_read_dm(Ox11F);
enabl e();
calculate_time(tl, t2, cycles);

voi d test_start_nove(intl6 cycles)

}

intle i, t1, t2;
doubl e value = 0.0;

printf("start_nove() function\n");
error(dsp_reset());

di sabl e();
t1l = dsp_read_dm Ox11F);

for(i = 0; i < cycles; i++)
{ start_nove(0, value, 10000.0, 100000.0);
val ue += 1000. 0;

t2 = dsp_read_dm(Ox11F);
enabl e();
calculate_time(tl, t2, cycles);

int16 main()

-

s

int16 error_code;

error_code = do_dsp(); /* initialize comrunication with the controller */

error(error_code); /* any problens initializing? */
error(dsp_reset()); /* hardware reset

printf("\nSpeeds neasured with the DSP sanple timer (%l Hz)\n",

test_no_function(30000);

test_dsp_read_dm(30000);
test_dsp_write_dnm(30000);

test_get _i 0(30000);
test_set_i 0(30000);

test_get _conmmand(500);
test_set _conmand(500);

test_get _position(500);
test_set_position(500);

test_get _anal og(10000);
test_start_r_nove(100);

test_start_nove(100);
return O;

tion Engineering, Inc.
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CODE EXAMPLES

state.c
Display axis state/status/source info

state.c

Debugging Routines

/* STATE. C

:Di splays axis state, status, and source.

This programis witten in the formof a state machine.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application

requires.

Witten for Version 2.5

*/
/* Revision Control System |nformation
$Sour ce$
$Revi si on$
$Dat e$
$Log$
*/
# include <stdio.h>
# include <stdlib.h>
# include <conio. h>
.9 # include <string.h>
£ # include "pcdsp. h"
[}
° # define READY 0
= # define MOVE 1
8 # define GOTO0 2
g # define AX S_COMMAND 3
)
g intl6 state;
T e o
T char * states[] = { running”,
5] "runni ng",
N "new frame",
?é "stop event",
© W) "
g_ re fltlolpl)"event ,
la) "abort event"};

char * sources[] = {"none",
"home switch",
"pos limt switch",
"neg limt swtch",
"anp fault",
"not avail abl e",
"not avail abl e",
"neg position limt",
"pos position limt",
"error limt",
"pc comrand",
"out of frames",
"t enposoni cs probe fault",
"axis command"};

2-208 =
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char * stati[] = {" ",
"in sequence ",
"in position ",
"in motion ",
"neg direction ",
"frames left "};

void error(intl6 error_code)
char

buf f er [ MAX_ERROR_LEN] ;

switch (error_code)

{
case DSP_CK:
/* No error, so we can ignore it. */
break ;
defaul t:
error_msg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%l).\n", buffer, error_code) ;
exit(1l);
br eak;
}
}
voi d display_axis_state(intl6 axis)
intl6 state, source, status, i;
char state_string[25], source_string[25], status_string[65];

state = axis_state(axis);
source = axi s_source(axis);
status = axi s_status(axis);
strcpy(state_string,

strcpy(source_string,

states[state]);

sour ces[source]);

strcpy(status_string, "");
for(i =0; i <5; i++)

if(status & (1 << (4 +1i)))

strcat(status_string, stati[i + 1]);

/1 Fill the rest of the status buffer with " ".
for(i =0; i < (66 - strlen(status_string)); i++)

strcat(status_string, stati[0]);
printf("9%\t%\t%\r", state_string,

source_string, status_string);

}

voi d CheckState(intl1l6 axis)

switch(state)

{

case READY:
br eak;

case MOVE:
start_nove(axis, 4000.0, 1000.0, 10000.0);
state = READY;
br eak;

case GOTO 0:
start_nove(axis, 0.0, 1000.0, 10000.0);
state = READY;
br eak;

case AXI'S_COMVAND:
dsp_axi s_command(1l, axis, STOP_EVENT);
state = READY;
br eak;

==~
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CODE EXAMPLES

state.c

Display axis state/status/source info

2-210

/* initialize conmunication with the controller */

/* any problens initializing? */

0 = goto 0, ¢ = send stop event from another axis\n");

}
}
int16 main()
intl1l6 done = FALSE, axis = 0;
int16 error_code;
error_code = do_dsp();
error(error_code);
state = READY;
printf("<ESC = exit, m= nove,
whi | e(! done)
{
CheckSt at e( axi s) ;
di spl ay_axi s_state(axis);
if (kbhit())
{
switch(getch())
{
case Ox1B:
done = TRUE;
br eak;
case 'm:
state = MOVE;
br eak;
case '0':
state = GOTO 0;
br eak;
case 'c':
state = AXI S_COMVAND;
br eak;
case READY:
br eak;
}
}
}
return O;
}

H |
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stoplat.c
Move, latch positions, generate stop events & back off

Position Latching

/* STOPLAT.C
:Move, latch positions, generate stop events, and back off a relative distance

This sanple creates a sequence of frames on a phantomaxis. The franes cause the DSP to | atch
positions and generate Stop Events based on an User |I/O bit. The steps are:

1) Configure a phantomaxis (requires n+l axis firmware on an n axis card)
2) Downl oad frames to trigger Stop Events when User |1/O bit #22 goes |ow
3) Configure and arm position |atching

4) Command notion on 3 axes

5) Wait for position latch and Stop Event

6) Clear the Stop Events

7) Command a relative nmove in the opposite direction

Be sure user 1/Obit #22 is normally driven high, and is pulled lowto activate the latch. The
falling edge of bit #22 triggers the DSP's interrupt. The DSP's interrupt routine handles the
latching of the actual positions of all axes within 4 m croseconds.

The phantom axis is created by downl oadi ng 4axis.abs to a 3-axis board.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5

*/
/* Revision Control System Information
$Sour ce$
$Revi si on$
$Dat e$
$Log$
*/
# include <stdio. h>
# include <stdlib.h>
# include <conio. h>
# include "pcdsp. h"
# include "idsp.h"
# define AXES 4
# define PHANTOM 3
# define LATCHBIT 22
# define VELOCITY 1000. 0
# define ACCEL 10000. 0
# define STOP_RATE 10000.0 /* Stop Event Decel eration */
doubl e
dist[] = {25000.0, 25000.0, 25000.0}
back_off _dist[] = {7000.0, 8000.0, 5000. 0}

int16 back_dir[ PCDSP_MAX_AXES] = {0, 0, 0}

—
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CODE EXAMPLES

stoplat.c

Move, latch positions, generate stop events & back off

2-212

void error(intl6 error_code)

char buffer[ MAX_ERROR_LEN] ;

switch (error_code)

{
case DSP_X:

/* No error, so we can ignore it. */

break ;

defaul t:

error_nsg(error_code, buffer)

fprintf(stderr, "ERROR

exit(1l);
br eak;
}
}

voi d disabl e_hardware_limts(intl6 axis)

{
set _positive_limt(axis,
set_negative_limt(axis,
set _home(axi s, NO_EVENT);

NO_EVENT) ;
NO_EVENT) :

set _anp_fault(axis, NO_EVENT);

}

voi d disable_software_limts(intl6 axis)

{

int1l6 action;
doubl e position;

get _positive_sw |limt(axi
set _positive_sw_|imt(axi
get_negative_sw_ |imt(axi
set _negative_sw_|imt(axi

get _error_limt(axis, &position,
set_error_limt(axis, position,

}

voi d stop_when_| at ched(int16 phantom

{
intl6 i;

/* Downl oad frames to generate a Stop Event when the LATCH BIT goes | ow.

1

% (%).\n",

s, &position, &action);
s, position, NO _EVENT);
s, &position, &action);
s, position, NO _EVENT);
&action);
NO_EVENT) ;

intl1l6 n_axes,

dsp_io_trigger(phantom LATCH BIT, FALSE);

for (i =0; i < n_axes; i
}

voi d display(intl6 n_axes, i

{

dsp_axi s_conmand( phantom map[i],

intl6 i;

doubl e cnd;
printf("\r");

for (i = 0; i < n_axes;

++)

nt16 * map)

i ++)

{ get_conmmand(map[i], &crrd)';

printf("%l: 90.0lf

", i, cmd);

STOP_EVENT) ;

buffer, error_code)

int1l6 * map)

*/

H |
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int16 end_of _motion(intl1l6 n_axes, intl6 * nap)

intl6 i;

for(i = 0; i < n_axes; i++)

{ if(!'motion_done(map[i]))
return O;

}

return 1;

voi d recover(intl6 n_axes, intl6 * nap)

intl6 i, tenp_state;

while (!end_of _notion(n_axes, nap))

di spl ay(n_axes, nap);

for (i = 0; i < n_axes; i++)
{ error(clear_status(map[i]));

start_r_nmove(map[i], (back_dir[i] * back_off_dist[i]), VELOCITY, ACCEL);

back_dir[i] = 0;
}
}

/* reset the direction */

void initialize(intl6 phantom intl1l6 n_axes, intl6 * nap)

intl6 i, error_code;

error_code = do_dsp();
error(error_code);
error(dsp_reset()):

di sabl e_hardware_Il i m ts(phanton);
di sabl e_software_lim ts(phanton);

init_io(2, I0_INPUT);
for (i = 0; i < n_axes; i++)

/* initialize communication with the controller */
/* any problens initializing? */
/* hardware reset */

/* prevent unintended events */

set_stop_rate(map[i], STOP_RATE);

st op_when_| at ched( PHANTOM n_axes,

arm | at ch( TRUE) ;

—
= oEy
tion Engineering, Inc.

§||

map) ;

o'1e|dols

10 Xoeq % Siuans dois aressush ‘suonisod yore| ‘OnoN

2-213



CODE EXAMPLES

stoplat.c

Move, latch positions, generate stop events & back off

2-214

int16 main()

intlé i, n_axes, axes[] = {0, 1, 2};
doubl e position;

n_axes = (sizeof (axes)/sizeof (int16))

initialize(PHANTOM n_axes, axes);
printf("\nToggle bit #22 to latch positions.\n\n")

set _gates(n_axes, axes);
for (i = 0; i < n_axes; i++)
{ start_r_nove(axes[i], dist[i], VELOC TY, ACCEL)
/* set the back off direction */
if (dist[i] > 0)
back_dir[i] = -1;
if (dist[i] < 0)
back_dir[i] = 1;

reset _gates(n_axes, axes);

while (!latch_status())
di spl ay(n_axes, axes);

for (i = 0; i < n_axes; i++)

{ get _| atched_position(axes[i], &position)
printf("\nAxis: % Latched Pos: %2.0lf", axes[i],

}

printf("\n");

recover (n_axes, axes);

whil e (!end_of _notion(n_axes, axes))
di spl ay(n_axes, axes);

return O

posi tion);
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stoplat.c

Move, latch positions, generate stop events & back off
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CODE EXAMPLES

template.c
A simple motion control program template

Configuration Files

template.c

/* TEMPLATE. C

Shows how to access various functions of the MEl controller: sinple initialization & comrunica-
tions.

Warning! This is a sanple programto assist in the integration of the DSP-Series controller with
your application. It may not contain all of the logic and safety features that your application
requires

Witten for Version 2.5
*
/

/* Revision Control System |Information
$Sour ce$
$Revi si on$
$Dat e$

$Log$
*/

# include <stdio. h>

# include <stdlib.h>

# include "pcdsp. h"

void error(intl6 error_code)

char buffer[ MAX_ERROR_LEN ;

switch (error_code)

A simple motion control program template

{
case DSP_X:
/* No error, so we can ignore it. */
br eak
defaul t:
error_nsg(error_code, buffer) ;
fprintf(stderr, "ERROR % (%).\n", buffer, error_code)
exit(1l);
br eak;
}
}
int main()
intl6 error_code
error_code = do_dsp(); /* initialize communication with the controller */
error(error_code); /* any problens initializing? */
return O
}

2-216 =
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