MPL SYNTAX
Acceleration A <rate> <cr> A <display>
Branch B <label> <condition>
Delay D (<time>) (<sync>) <er>
Exit Program € <condition>
Function Cali F <labef>> <condition>
Go G mon/ <direction> <cr>
G <display>
Home H (<speod> ») <direction> H <display>
Index | (<distance=>) #<direction># <cr>
| <display>
Jog J (<speed:>) #<direction># <cr>
J<display>
L L (<label> <count>) <cr>
Nommalize N (<position>>) <ditectior>> N <cr>
QOutput © (<sync>) <hex> O <display>
Pogram P <cr> <text> P <label> <tex:>
Quit Q
Set or Show SM <mode> <ar> SM <dispiay>
S <register> <hex> <cr> S <display>
Tune Loops T #<register> (<value>) #<sign># #<cr>
T(E) <display>
Until U <cendition>
Veloclty V <speed><cr> v<display>
Label @ <lgbel> <fext><cr> @ <fext><cr>
AsigniD = <id> <cr> = <dispiay>
<label> Displayaoie character used to identify
a mofion routine
<condition>  <hex> character preceded by an
aptional (-) fo invert the recuired Input
levels. A <cr> is Glways a go condition.
<count> Number of times for oparation fo be
repeated
<sync> Synchronizati on chcfacter for
coordinating m
»wait unt current moﬂon is complete

<dlection>

<rate>

<speed>
<distance>
<position>
<time>
<text>

<display>

<mode>

<register>

<value>

<sigr>

<hax>
<>

<er>

; ~wait unm constant speed or motion
& <ompl

+ - poslhvs/ negative <speed>,
position> or <distance>

e stop system motion

< sync> permitted in most cases
Accslerction rate in kHz/sec; 100

HE 2/sec; or 100°s counts

Swoeed in 10 Hz, 100 Hz or 01%

NB umnber of relative encoder counts
A tsolute position in encoder counts
Ti e in miliseconds

A~Totion routines. comments or editing
< «<ommand characters

2 display lost enfered value

| <isplay current systemn vaive

%= (<Hme>) dispiay status each

<—_time> interval (valid for GHLLOTEV

o nly)
<—Zsync> permittad in most cases
C==ontrol mode: O=idle; 1=velocity;

2 =position; 3=position without resefting

[==-osition ermor
i position gain); V=(velocity

v(exremcl output gain). CP (position

lc=0p compensation), CV=(velocity
l=0p compensation)

S®atusi X, Y. 2

vaiiue substituted for, added to or
sea_ibtracted from <register>

4+— /- add/subtract <value> fofflom
<—register>

<cr> set <register> fo
<=Zvalue>

= exadecimal characters (0-9, AF)
N~lotion axis identifier (most
c=Hisplayable characters)
Cariage tetum (00,

< >-vorobless # #-repeatable{ ) -optional

MOTION SET-UP COMMANDS

Selecting System Options

Tuning Commands

TP <or> Set position loop gain fo <x>
V<X <or> Set velocity loop gain 1o <x>>.
TFC> <0 Set feedforward gain in <x>
XX < Set external cutput gain to <x>.
TCPC> <Cr

Set position loop compensation
to <>

TCV><cr>  Set velocity loop compensation

o <>

Note: <x> Indicates a value 1o use in
each of the operaticns specified
above. <x> is entered as a decimal
for all gain values (ASCI hex if HEX
COM is sat). The compensation
values are always enfered s hex
arguments.

T e
<er>

™

Add value <> to the specified
Tuning register <reg> e.g. PHVs—
increments position gain by 2 and
decrements velocity gain by 10
Note: <xC> defoulfs o 1 tis not
specitiec

Display current values for each of
the tuning paramaters Values ore
labeled (eg P 02V C2F 00X 00
CP-04CV 0C) Gain values ars
utout In decimal ASCI unless
HEXCOM s set. The compensation
voluss are always outpu” n hex
ASCI

Display current vaiuss for eact of
the tuning parameters. Al volues
are cutput I hex ASCH

eg. £20200000400

TE? Display the nomalization eror (ercr
cancellec when the last Normalize
command was executad).

TE! Display currert error relative to
normalization point. This is equal to
the digital error in the counters
minus the nomalization eror.

TE%<lcr> Repeatecly display the current enor

- (Assugn Axls ID) Command

Assign oxs identifier. <id> is any
prinfale ASCHl character greater
than a SPACE (20 H) except for |, 2

ana
Disploy the ID of the cixis currently
in use.

? Dispiay the ID value cunently stored
in program memoi

Turn off serial bus support

Machlne Code Command

Select optional firmware. The PMC
vesifies csnonq\ firmware is present
before execurion

Se!,'shaw Register (X, Y, Z) Commands

Sef or examire one of the confrol

stofus <registers (X. Y. 7) fo change

the configuration of the mofion

control system. <hex> is the fwo

character hexadecimal

represenvation of the selected byte.

$? Display sratus registers in the order X,
Y. 2 The data is displayed with lobels,
©g X 08Y 007 00

st Display status registers in the order X,
¥.Z Tne data is disolayed witt six
consecutive ACSI hex characters

.9 080000

X Register

Bit 7 Reservod

Bit 6 MOTION 3US SLAVE sefects the

Motion Reference Bus as the master
reference for creating motion
nstead of the infernal crystal
controlled clock: (1 on)

Bit5 ALTERNATE REFERENCE ENABLE causes
sach odd motion reference pulse to
e sent directly to the Position
Summing Junction and each even
motion reference pulse fo be used as
the infemai disiance reference. This
output is useful with the MOTION BUS
SLAVE bit for establishing a nominal
motor speed with respect to other
moving machinery. (1 on)

Bit 4 MOTION BUS MASTER causes system
10 become motion bus moaster by
suppiving Its motion referance pulses
1o the Motion Reference Bus. (1-on)

Bit 3-2

¥ Roglster
Bt 76

Bit5

Bit 4

Bit 3

Bir 1

Bit0O

VELOCITY RANGE SELECT selects
velocity range as follows:
RA

ENABL E UM\TS enables Machine /0
inputs 12 and 13 to be used as - and +
limit switch inputs respectively.
DIRECTION INVERT fransposes the
meaning of + and - in motion
commands.

ACCEL PROFILE SELECT specities an
acceleration t)mﬁle by sefting bits 6
&7 as follows

Bz m Jype
0 0 -lnear
0 1 scure
! 0 - parabolic
- feserved

EXTEPNA START causes o motion to
start upon receiving an external
signal., Bit 4 wil indicate which signc
will inificie mation
EXTERNAL START SELECT specifies
either the machine sensor input
signal (SENSIN) or the encoder
reference (ENCR) o start a motion.
(1 machine sensor. 0 encoder
reference) Bit 4 will be ignared uniess
Bit 5 (EXTERNAL START) s sef.
EXTERNAL DECEL causes deceleration
to ocour on the machine sensor
inpur (SENSIN) instead of @
calculoted distance (after full speed
is affained . Ordinarly, deceleration
i intiated when the remaining
distance s equal o the acceleration
Gistance. (1 on)
EXTERNAL STOP SELECT spocifios
either the machine sensor input
signal (SENSIN) o the encodler
feforonce (ENCR} 7o stop motion
during & home command of an
INDEX EXTEND. (1 machine sensor,
0 encocer reference)
INDEX EXTEND specifies that speed
should remain at the level set by the
3 command duting deceleration
rather than continuing fo 761, INDEX
EXTEND is used in conjunction with
EXTERNAL STOP SELECT or with a
machine input condition 1o stop the
motion. (1 on
SHARP JOG STOP solocts a sharp
(immediate) stop upon jog
decsleration rather than the

7 Register
Bit 7

Bit 6

Bits 54

Bits 3-2
Bit 1

BitQ

leration ru'e specifiec by the A
command. (1 o

Note: The ¥ Deq\sfav is in the mation
buffer and therefore, cltering
during @ motien will only efect the
next command mo*ion.

BINCOV ENABLE enables binary host
communicarions. Binary input or
output s achually selected by setting
the high order bit of the ASCII
command character preceeding
the data fransfer. Trat character wil
then be folowed by the appropriate
number of fwo's complement indry
interpreted bytes (most significant
byte first). These Eytes are not
schoed fegardiess of the sefting of
Bits D& 1

Command #bytes  ferminaror

A 2 None
[} 2 None
G 4 Ves
H 2 Yas
1 4 VYes
J 2 Yes
N 4 None
N 3 None
v 2 None:
T None

The high crder b\' is ignored for all
other com™ands not in anove table
The <cr> terminator is not required
with the commands Indicated
above and *he | orompt is retumed
affer the speciied number of bytes
have been

Note: The Go and Normaolize
commands expect their arguments
Complemen' form and the
nitictes action. The <sign>
character is not recognized in binary
mode. Binary output from the PMC
(in two's complement formy is
requested by soffing me mgh order
bit of the ASCI”
terrminator. The mmbev of bncry
output btes is specified by the
above table.

HEXCOM specifies that all input data
be interoreted and outout data be
disolayed in ASCIl hexadecimall

1 on)

Reserved

Reserved

PROGRAM TRACE dispiays each MPL
command of the SCI (if active) as it

is executed. (1 on)

NO £CHO urevems cho of 5CI
characters. (1-on)

SYNTAX ERROR CODES

A1 An invalid commaend has beer used.

A2 An invalid “erminator or designator
hos been used

A3 Reserved

Al The input voltue is out of the

cliowable range. See the “Ranges &
Units” taple for allowable values.

A5 Invalid address for the  (axs
identifier) command has been
entered,

Al Aninvalid HEX value. ether

condition code or an outout value,
has been entered
A The requested velocity range is not
ovailable.
28 No valid program in the option:

AR

MOTION ERROR CODES

B1 Currently unused.

B2 Command not valid while the
systern is in moflon. A motien
designator or programming
command was entered when the
systern was In motion.

B3 Motion cannot be initicted with
STOP low

B4 (‘st'ﬁ\y unused,

BS CAPE character was recewved

mn ing @ synchronization command

86 A motion command was entered
with DRVOFF (Drive Off) asserted

87 Reserved

88 Attempt fo move forward with
forward limit (+LIMIT) asserted.

B9 Attempt fo Tove in reverse with

roverse limit (-LIMIT") csserfed.

PROGRAMMING ERROR CCDES

c1 Program buffer overflow:

c2 Program label undefinedt

c3 The program mermory has o storage
fauit The last entered programming
character wos not saved in program
buffer due 1o hardware failure of the:
RAM or EEPROM memory

c4 An ESCAPE charactar was received
during execution of an MPL piogram

cs Currently unused

cé A Program command carnot be

executed during program sxecufion.
MISCELLANEOUS ERROR CODES

oe An ESCAPE character was received
during a Delay command

01 STOP' signal af the Machine /0
Interfoce was asserfed.

D2 Input operation aborted.

~
_/

MOTION PROGRAMMING LANGUAGE
REFERENCE CARD
Version 2D
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Ormec's Motion Programming Language (MPL)
provides the systems designer with @ versatle toal for
wilting simple programs fhat croate high performance
motion. This Reference Card is designed 1o give MPL
users quick access fo command sy tax and
programming cptions 1o make progranrrming even
simpler to implement. For more in-cepth information,
consult on ORMEC manua

MOTION PARAMETER COMMANDS
Defining Motion Parameters

To define a mo'ion using VPL, the user inferacts with
integer volues contained in a metion ouffer which
specify the motion in ferms of the digital position
encoders positon pulses. Distance is specified as o
number of digital encoder increments. velocity is
soecified as the desired frequency from the digital
position encoder. and aoceleration is specified s a
siope of frequency per unif fime

Velocity Commands

V<speed> <cr> Set index speed in motion bufter,

v? Display index speec crrently in
motion buffer.

Vi Dispiay current system speed.

Ve Repectedly display cument systern
speed

Acceleration Commands

A<rate> <cr>  Sof acceleration rate in motion
ouffer.

a7 Display acceleration rate currertly in
motion buffer

Al Display cument system acceleration

rate (zero if af rest of top speed),

Index Commands

I<distance<cr>Set the relative index cistarce in
metion buffer

” Display index distance curentty in
metion buffer

Jog Commands

J<soeed><cr> Set jog speed in moticr buffer

» Display jog rate curertly in
moation buffer.

Home Command
H<speed><:
H?

Set homing speed i motion Butfer
Disolay horming speed cunently in
motion buffer

MOTION ACTION COMMANDS
Creating Motion

Index Commands

Her> Move in a posifive direction the
proviously specified index distance:
Enterng the (+] initiates the mofion,
the <cr> *eminates the | command.

Sef the index distance in the moticn

Dufer, and move in a negarive

Girection the specified number

of counts

i<dlist>-<cr>

1%<cr>

*

Go Command ==
G=<er>

Gepositior >+

Gl

Grer>

e
c*

Display the number of counts
remaining In *he curtent move.
Repeatedly display the counts
remaning in curtent move,
Stop systom motion

Mave to the absolute zera position of
the systom

Move 1o the absolute pasition of the
system thal is specifiedt The sgn (+
or-) of the position follows the
numerical specitication

Display the ansolute position of

tne system

Repectedy d'splay the absolute
position of the system.

Cispiay the commanded absolute

Stop systern mation

Jog Commancs =

e

o*

Jog in @ positive drection ot tne jog
speed in the motion buffer. Any
craracter except a <cr> or period
(4} stops the motion.

Set jog speed in motion buffer. and
jog ina positive dirsction

Display current system speed
Repeatecly display current

system speed.

Stop system motion

Hume Commar~ds

Move af the previously specifisg
homing spsed in a negative
directicn until an encoder reference
or sensor is reached

Set the homing speed i the mot-on
buffer. and home in a postive
direction.

H Disploy curent systern spoed.

H¥%<cr: Repeatedty display current
system sy

H* Stop systern motion

PROGRAM BLBFFER COMMANDS

Entering, Edit ing or Displaying a Program
P!oglum Comrre ands

Enter program mode with the cursor
at the beginning of the progiam
buffer

o1 program mode with *he cursor

er program mode with curser at
the end of the program buffer (for
acding routines to memony).

Display progrom (for viewing only. no
edifing) one line at @ fime fiom the.
beginning of *he program buffer.
Displays entire prograrn buffer The
ESCAPF charagter will abort

this command.

@ Label Commands

@<l ><er> Establish a single-letter program
label <> In the program buffer for
future reference The “@” routine
(signified by @@), if present, wil
cutomatically execute on powerup
or softwore resel of the PMC,

@<I><fext>  After the sngle-etter program label
<er> <> acditional <text> may be
added as comments o the

MPL routine

Editing Functions Used

During Program Mode

Cursor Right — TAB (CTRL} or CTRLY moves the
cursor to the right one character ot
time. Moving the cursor 1o the end of
the Iine and continuing 1o *alo will
move the cursor to the beginning of
the next ine

BACKSPACE (CTRL-H) or DELETE
moves the cursor fo fhe left one
character at a tme Moving the
cursor ta the beginning of the line
and continuing fo backsoace wil
move the cursor fo the beginning of
the previous line.

Cursor Left

LINEFEED moves the cursor dawn o
lire at atime.

Cursor Down
Charges To change a moton coriol
prograr. put the cursor ¢t the point
10 be changed and cverype the
desired information. Periods () may
be used fo overfype additional
undesired characters or to reserve
program buffer space for additional
future commeands or parameser
chorges

Insert Cine Typing CTRLV allows text “0 te
inserted in the program buffer at the
point of the cursor. After o CTRLV, all
characters typed are put info @ 40
character RAM buffer unil a second
CTRLV is typed of the RAV! buffer is
full. At that time, space is Made in
the program butfer and the
characters are written to program
buffer memory. Because of the fime
requited o rewri'e EEPROM. Ihs
operction may fake several seconds,
and 56 @ bell will sound both the
beginning and the end of the insert
if the nsert operation is @ result of the
40 character buffer being full, the:
insert operarion is continued ar the
second bell. An ESCAPE can be used
to exit from insert moce withaut
inserting any characters.

Kill Line CTRLK deletes unwanted characters
in the program biffer When CTRLK is
fyped, all characters from fhe cursor
10 the end of the line (next carage
retum) will be deleted. A bell will
sound the beginning and the end of
this operation.

Exiting The ESCAPE key is used for exifing the
program command

Program Erase  Typing @ | in calumn 1 (immediately
after g <cr>, will erase the program
buffer, starting at the cument
location, and exit *he program
command Nofe that executing this
command will erase all Information
from the cursor fo the end of the
program butfer. Erasing the butfer
can fake several seconds. s the
PMC will cutout a . every 3 fc 4
seconds to indicate it is sfll working.

PROGRAM CONTROL COMMANDS
Utilizing Subroutines & Creating Complex
Mo!lon Control Applications

b (Repeat) Commands

L e oo oL program execution to a
program lcoel <> a specified
fumber of times, and fhen continue
progiam execution with the next
command in the program buffer
Caution: Prograr loops cannot be
resto

L<er Clear the loop counter.

!n:m:h (Gc To) Commands
Unconditionally trensfer MPL
program exacution to a program
Jabel <L> with no refurn

Transter MPL program execution to

B>
<condition>

fhe machine input <congition™ is
met. (See Machine Input Condition
explanation below)

Fu ction (Subroutine) Call Commands
lcr> Unconditionally fransfer MPL
program execuion io o pogram
label > When an Exit command is
execured MPL operction resurres at
the line following the “Fcommand’”.
Tronster MPL program exocution to a
program label <L if the machine
input <condition’> is me. (See
Machine Input Condition
explanation below) When cn Exit
command is executed, MP.
operation resumes at the next
program line after the "F-command
Cauion: Functions cannot
be nested

<condition>

Exlt Return) Commands

Uncondiitiorially exit an MPL routine.

Etongiion> Bl an MPL couline 18 mochie
input <cenditiori> is fue. (See
Machine input Condtion
axplanation below)

Quit Command
Q Terminate execution of MPL fom the
program buffer and return to the
interactive mode

Machine Input Conditions
<Condition> s a hexacecimal character specifying
which of the four machine inputs should be checked,
Forexample, & specifies thatinputs 11 and I2 cre fo
be checked. The fest is for tne specified inputs o be
low, unless a negarive condifion <- condition> is used
which indicates that the specified bits should be high
If <condition> s true. the statement will be executed
Ifirs not tnue. the next command will be executed

|NTERFACE/SVNCHRONIZAIION COMMANDS

Delay Commands

D<fime><cr=Delay the soecified fime before
executing the next command. "he
resolufion of the PMC's infermal ‘imer
is 4 msec and. due 1o the
asynchronous naturs of the dsloy
command, there Is an uncertainty of
4 msec. Therefore since time is

rounded ug.” @ D1 command will

delay 4 to 8 msec.

Unlll Commands
<condition™> Wait until the specifisd machine
nput <condition:> is *rue before

executing the next commanrd. (See
Machine Input Condtion
explanation under PROGRAM
CONROL COMMANDS for more
information)

Synchronization Characters
The fact that MPL operates independently o the
mation it creates is @ powerful feature in that it allows
machine /O 1c be manipulated of successive mofions
1o e sef up while mofion s faking piace
Synchronization characters are provided to allow MPL
fo synchron.ze with the mation being created
<> The <5> character can be used with
the Index, Go. Jog. Home. Delay.
Output and Nomalize commands o
synchronize thern wih the
completion of motion which may be

character can be used with
the Index. Go, Jog. Horre, Delay and
Output commands, *o synchronize
them wifh mation reaching &

constant speed or completion. g
The command I+<er> starts a
positive index and then delays unti
the acceleration is complete before
executing the next MPL command.

MACHINE INPUT/OQUTPUT COMMANDS
Examining and Manipulating Machine
Outpuis

omput Commands

Set the four general puUIPOse.
machine outputs fo the specified
state <<hex>, whers <hex>>isa

hexadecimal digit which specifies
which oUTpUTs are "on” or off”
» Disolay the curtent state of the
general purpose machine oufouts.
o Display the current state of the

general purpose machine inputs
and cuipufs.

O%<er> Repeatedly display the curent s'ate
of the general pupose machine
inouts and oufpurs

MOTION SET-UP COMMANDS

Selecling System Opfions

Normalize Commands

N<er> Start SC1 automatic boud 1ate
selection

N¥ Resel PMC software

N<posiion+  Define the current physical postion.
This commang ressfs the infermal
absclute position courter 1o fhe
posfion specified. The sign (+ or ) of
the position foliows the numerical
specification and terminates the:
command.

Sel/Show Mode Commands
SM<mode<cr>Set confrol mode:
<0> IDLE (servodiive off ana sevo
loops disabled)
<1> VELOCITY confrol mode
POSIMON confrol mode
<3 POSMON mode without
cleaiing position efror
sM1 Display currert motion stafus and
curent contiol mode.
Lower Nibble: 0 1DLE; 1+ VELOCITY:
2 FOSITION mode
Upper Nibble Bit Assignments.
bit 4 direction (1 forward): bi* 5
motior (1 i mation):
it 6 _position summing junction
overfiow (1 overt ow’
s> Display last entered mode.

PARAMETER RANGES & UNITS

Ronge  Defaut Units
Motion Parameters

Acceleration — 100 Hz/sec
Jog - 10Hz
Velocsity - 1CH
ome - 10H
166,535 4000 kHzfsec

Acceleration
X

log A92kHz 1- 1.920 100 100 Hz
Velocity Mode 1- 1520 400 100 Hz
Home 1- 1920 20 100 Hz
Accelerat on e85 - Kjiec
J 3BdkHz - 3 - 100
Velocity Mode 1- Fr R e
Home - 3840 — 100Hz
Accaleration 0-65534 — 100 counts
Jog B4 210000 — 1%
Velocity Mode 210000  — 01%
Home 290000 —  01%
ndex 1-2,147.483648 500 counts
Go 01073741824 0 counts
Normalize 01073 741424 0 counfs
Selo 85535 msec
Label> Mt —
7DH
Tuning Parameters
Posttion 0255 2 -
Loop Gain
Velocity 0255 2
Loop Gain
Feediorward 0285 0
External 0-285 0 -
Output Gain
Velocity Loop 0F o -
Compensator
Postion Loop 0F o —
Comoensator
1017 o -

*~Two ranges are shown for the Positior Loop
Compensator because the presence of bit 0 in the
upper nibble designates whether te fime opfimal
posticning compensation is enabled (1 = enabled).

Register Paramelers

X Register - 08 -
¥ Register o —
7 Register - 0 -
Maode - o -
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