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DOUNTIL: The DOUN
1) The counter or other item to be "{ncremented” is initialized before
entering the loop;

2) The test is performed at the end of the loop. The conditions that
_must exist to exit from the loop are those that appear in the DOUNTIL

test;

3) The item to be executed must be a standard construct or a single
statement;

4) The counter is incremented or other increment-like action is generally
taken (e.g., another line is read) at the beginning of - the loop.

If "Cl" is the condition that must exist to exit from the loop and "Pl" is
a standard construct or single statement, the DOWHILE would be written as

Pl

DOUNTIL C1l

DOCASE: The DOCASE comstruct is for executing a different set of state-
ments for each of several different values of a variable. If "Cl" is the var-
iable being tested and if "Cl" may have values 1, 2, or 3, the construct ap-
pears

DOCASE Cl T Cl=1 1/7 F
AN ANEEA

1 2 3 Def T \\\ Cl=3 /// F
P3 P4

P1 | P2 P3 P4 Pl P2
Example A Example B

Example A is equivalent to the nested IFTHENELSE form shown in B.

Subroutine indexing. - The subroutine descriptions and VCLRs are arranged
according to the number assigned in the block diagram. This label consists of
three parts (nl.n2.n3). The first part (nl) indicates with which executable-~
(1) INITDRVR, (2) SIMDRVR, or (3) POSTDRVR--the module is associated. While
some routines are used in more than one executable, each is documented only
once and labeling number nl tells which section includes that documentatiom.

PRECEDMG PAGE BLANK NOR. MLMED
gl - BL

3y
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The next number (n2) indicates the level in the program hierarchy at which the
routine occurs. There are three main levels under each executive driver and a
fourth level that is assigned to the utility functions used by a variety of
routines. The final number (n3) in the routine label distinguishes the modules
within each level of one executable program.

In-code documentation. - Although the information contained in this pro-
grammer's guide provides an understanding of the overall program logic and
function of the individual subroutines, the bulk of the program documentation
is included in the Fortran program modules. This enhances the accessibility of
the documentation and allows it to be updated as modifications are made. Each
Fortran module contains a preamble that lists the routine's:

1) Purpose;

2) Input (calling arguments and terminal inputs);
3) Output (calling arguments and terminal outputs);
4) Common variables;

5) Internal variables;

6) External references;

7) Functional description;

8) Assumptions and limitationms;

9) Special comments;

10) References.

Figure B-1 illustrates an example of this in-code documentation. The file
SKLTN.FOR contains a skeleton of the preamble for use in writing new programs.

.:.5 ;
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PROGRAM INITDRVR

ROBOTICS SIMULATION (ROBSIM) PROGRAM
SYSTEM DEFINITION FUNCTION ROUTINE

PURPOSE

The purpose of the ROSSIM Program is to provide a
broad range of computer capabilities to assist in the
design, verification, simulacion, and study of
robotic systems.

The program INITDRVR is the System Definitiom Punction
driver. It op in e i ive mode, p ing the
user for the system definitiom option desired. Valid optiocus
ave: creste or modify an are data file, create or
wodify a detailed envirooment file, create or wmodify load
objects, create s system data file, or terminate INITDAVR
program exscutiom.

DEFINITION OF INPUT
CALLING ARGUMENTS
SYMBOL TYPE DIM DEFINITION
N/A
TERMINAL INPUTS
SYMBOL TYPE DIN DEFINITION

1MODE =% L Select flag for mode of operation

= 1, Creace/modify an arm daca file

@ 2, Create/modify decailed
envircoment file

= 3, Creste/modify load objects data fila

® 4, Creste systes dats file

* 5, Ind RORSIM INITDRVR executive
ITERM I~ 1 Program terwmination flag,

requasted following fatal

error

= 1, Reissue program mode

selection prompt
* RETURN, Terwinate program

co3
cpl
col
cp3
cD3

cn3
cD3
cD3
D3
cD3
cp3

DEFIMITION OF OUTPUT
CALLING ARGUMENTS
SYMBOL TYPE DIM DEFINITION
N/A
TERMINAL OUTPUTS
SYmMsoL TYPE DIM DEFINITION

None

CDe

Chée

CD4
CD4
CDée
che
Ch

COMMON VARIABLES

cDS
[o:}]
cD5
CDS
CDS
cos
[%:3]
cD5
DS
CDs
cDS
cD5
[N ]
CDS
cos
€D5
[+ 5]

INTERNAL VARIABLES
SYMBOL TYPE DIM DEFINITION

IERROR i 1 Error indicator flag
=0, No errors sncountered
«NE. §, Ervor has occurred,
contains appropriace
srror number required
by routine ERRMSG
IHLP 1~ L The integer 911 input frow cerminal to
sigaify user wi to access help file
MODE i~ { ROBSIM pri e flag, set co |
to indicate program execution i
curruntly wichin the Syscem Definition
Function

b

Figure B-l.-

-?
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ORIGINAL PAGE IS
OF POOR QUALITY

RRERRSRERRREERRER]

EXTERNAL REFERENCES
1/0 PILES

LUl - Logicsl unit assigned for input frow che terminal
LU2 - Logical unit assigned for output to the terminal

SCRATCH FILES
LIZ

EXTERMAL ROUTINGS

BLDARM - Create/wodify arm data file
BLDEMV -~ Creste/modify detsiled environmeat file
BLDLOD =~ Creace/modify losd objects data file
[ ] BLDSYS ~ Craate system daca file
CcDé ERRMSG -~ PrinCs error messages for any error occurring
CDé duriag execution
CDé LBR_MELP - Gains access to the ROBSIM help library
6 SETLU - Defeult logical units routine
D6
co?
CD7  FUNCTIOMAL DESCRIPTION
co?
cp? The ROBSIM command file prompts the user for the
CD7 program function desired. The three ROBSIM program
co? functions are System Definition, Analysis Tools, and
<p7 ing. The user may also request program
CD7 cerminstion. Upon receiving a valid functionm request,
CD7 the ROBSIM command file transfers control to and executes
co? the appropriate function driver.
<7 The Systes Definition executive calls BLDARM, BLDEWV,
CD7  BLDLOD or BLDSYS to create or modify an arm, enviroament,
CD7 load objects or ara systesm.
co?
cD8
CD8  ASSUMPTIONS AND LIMITATIONS
cD8
co8 1. ROBSIM is programmed in FORTRAN 77 for use on
CcD8 VAX 11/780 compucers under the VMS operacing
cD8 system.
cb8 2. ROBSIM uses Evans and Sutherland Multi Picture
co8 System graphics using MPS FORTRAN callsble
Ccbs graphics routines. Use of the graphics
Ccp8 capabilities in R0BSIM is optional, however
co8 full utilization of the progrsm capabilities
cD8 is greatly limited wichout the graphics.
cbé
¢
cp9
<9 SPECIAL COMMENTS
co9 )
cD9 1. If graphics is desired, the graphics work station
cD9 sust be assigned using individual facilicy
c9 procedures.
cD9 2. The necessary arm data files susc exist prior to
cn9 building a system.
co9
<10
CD10 REFERENCES
cD1O
cDlo None
CDi0
c THE POLLOWIMG CREATES A HELP LIBRARY MODULE
¢
CDX1 IMITDRVR
CDX THIS MODULE IS EXECUTED BY THE SYSTEM DEFINITION PROCESSOR
cDX
CDX2 PARAMETERS
CDX Qualifiers:
CDX /1MODE
CDX3 /IMODE
%) & TYPE  DIM DEFINITION
o1} 4 I*% 1 Select flag for mode of operation
cDX = 1, Crsate/modify an arm data file
cox = 2, Creste/modify detailed
cox environment file
CpX = 3, Cr /wodify load objects data file
<DX = 4, Cr system daca file
cDX = 5, End ROBSIM INITDRVR executive
CDX2 FUNCTION
cbXx The ROBSIM command file prompts the user for the
cDX program function desired. The three ROBSIM program
CDX  functious are Sys Definition, Analysis Tools, and
CDX Post Processing. The user may also request program
CDX cterminacion. Upon receiving a valid function request,
CDX the ROBSIM cowmand file transfers coatrol to and executes
CDX cthe appropriacte function driver.
cDX The Syscem Definition executive calls BLDARM, 3LDENV,
cnx BLDLOD or BLDSYS to create or modify an arm, environmenc,
CDX 1load objects or arm syscesm.
cDxX

Example of in-code documentation.




Rev A, October 1985

Implementation Notes

This section describes the programming conventions used in implementing
ROBSIM on the VAX-11 computer architecture under the VMS operating system.
The program consists of a large number of FORTRAN routines and their compiled
object modules, along with a limited number of executable images and VMS com-
mand files.

Executive-level command file. - The executive level of ROBSIM is handled
by an interactive command file ROBSIM.COM. Figure B-2* shows this command
file. This file runs one of the ROBSIM executable images (Fig. B-3) selected
by the user. PREPDRVR.EXE is designed as a driver for preprocessing data that
may be used by the other program executables. INITDRVR.EXE is the executable
containing the system definition routines and SIMDRVR.EXE contains the analy-
sis tools image. The postprocessor functions reside in two executable files:
(1) POSTDRVT.EXE for video-terminal display of results, and (2) POSTDRHP.EXE
for hardcopy plotting. This is because the display software requires linking
of different modules for terminal vs hardcopy displays.

ROBSIM.COM

| — —
PREPDRVR.EXE INITORVR.EXE SIMDRVR.EXE POSTDRVT.EXE POSTDRHP.EXE

Figure B-3.- ROBSIM executive command file.

Linking the programs. - Each executable image contains an executive rou-
tine having the same name as the executable (POSTDRVR for the postprocessor
images) and a large number of supporting routines. To facilitate linking, the
compiled object modules are included in object libraries. The programs are
linked by executing command files that reference these libraries. Figure B-4
shows the linker command files and Table B-I lists the programs in the object
libraries.

The bulk of the libraries are contained in the main ROBSIM directory
(ROBSIM DIR:) but some reside in different directories or devices. This is
especially convenient for implementations on multiple-disk systems. Table
B-II lists the alternate device specifications; these logicals must be assign-
ed to appropriate physical devices, possibly during the log-in procedure.

S

% Full-page figures can be found at the end of this section.
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-I. MODULES IN ROBSIM OBJECT LIBRARIES

CNTLLIB.OLB OBJECT LIBRARY MODULES:

CMPCTRL
FORREF
PIDCON
POSSENS

CRLIB.OLB OBJECT LIBRARY MODULES:

BLDARM
BLDLOD
CREATARM
LOAD
RDENV
RDLODS
TARGET
WRTENV
WRTTIRG

CNTIRSIG
FORTOR
PIDFOR

BLDDAT
BLDTRG
DEFSPJT
RDARM
RDENVS
RDTARG
TOTMAS
WRTLOD

CONTROL
ICVTATD
PIDINIT

BLDENV
BLDSYS
ENVIR

RDARMS
RDLOAD
RDTIRGS
WRTARM
WRTSYS

EANDSLIB.OLB OBJECT LIBRARY MODULES:

DATOUT
ESPAUS
ISBIT1
ROTMAT

DIALS
FORM
LOGO

ESCNTRL
GRAFIX
POSTGRAF

GEOMLIB.OLB OBJECT LIBRARY MODULES:

ACTUATOR
BASES
LOCMOD
SPAN
TOOLLK

BASE
JOINT
LOCTMOD
TLDMAS

BASELK
LINK

OBJECT
TOOLJT

GRAFLIB.OLB OBJECT LIBRARY MODULES:

CADOBJ
DBAS
DRWLOD
FILLET
MAT
ORIENT
SYSGRAF

CYL
DRAW
DRWIRG
GRAPH
MATVEC
RCTSTR
TARG

DATATAB
DRWENV
ESMAT
GRTERM
OBSTCL
RECT
TRISTR

MATHLIB.OLB OBJECT LIBRARY MODULES:

CET™M
GAUSS
SLVLIN

CRPD
MATMPY

SLVLIN2

DOT2
REPCOL
SOLVE




TABLE B-I. (cont)

ESCADLIB.OLB OBJECT LIBRARY MODULES:
GRAFCAD

POSTLIB.QLB OBJECT LIBRARY MODULES:
AXES HDWMOTIN LDTHET
MINMAX ROBPLT SCAL
SIMOTION TICMRK

REQLIB.OLB OBJECT LIBRARY MODULES:
ACTORQ BASGMNT BASINIT
BCNTRLR BORERR BPCNTRL
BRCNTRL CABSM CHKLMT
CNSTFOR CVTIN DEBUG
DYNAM ENDREQ FORCE
FTIN JTPOS LODMOV
ORERR OUTREQ PCNTRL
POSGRDJT POSSPJT PTACC
PVASPJT RATEPRO RCNTRL
REQOPT REQPLT REQPRT
REQSOF REQTRQ SPRGFOR
SPRGINC TORQUE VAGRDJT

SETLIB.OLB OBJECT LIBRARY MODULES:
ADDMAS ADDMAS?2 BASPUT
GRASP RCICR RDSYS
RELEAS SETUP SETUP2

SIMLIB.OLB OBJECT LIBRARY MODULES:
ACTIVPIH BDRTORQ CALCI
DEFCNST DERIV DOT
DRTORQ EFINRT EFINRT2
ENDSIM INITCO INTGRT
LDVOLT NLINK OUTSIM
PRTARM RESPON SETCNST
SIMLMT SIMOPT SIMPLT
SIMPRT SLVMBAS SLVTHDD
SLV2ARM STOPFR

UTILLIB.OLB OBJECT LIBRARY MODULES:
CVTUNIT DEFUNIT ERRMSG
JACOB LININT OUTUN
SETLU ZERCOM
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TABLE B-I. (concl)

PREPLIB.OLB OBJECT LIBRARY MODULES:
BLDCAD

CADLIB.OLB OBJECT LIBRARY MODULES:

CURVE LINE POINT
TRANSF SPLINE

TASKLIB.OLB OBJECT LIBRARY MODULES:
ANGLES CNTRLR HARALICKR
INITTAR NEWFRAME PERSPECT
REQUIR SEGINIT SEGTASK
SGMNT TASK TRACKING
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TABLE B-I1I. - DEVICE-DIRECTORY SPECIFICATIONS IN ROBSIM

Logical Modules contained in directory

ROBSIM DIR: Basic ROBSIM modules

MPS_DIR: Evans and Sutherland graphics modules

HELP_DIR: Help utility modules

DI3000_DIR: Display modules (video-terminal and

hardcopy)

HARDCOPY DIR: Modules for creating meta-files from

- picture files

Fortran files and object files. - Each Fortran routine is included in its
own file; the name of the file is that of the routine it contains and the file
type is ".FOR". An object file with the same name and type '".OBJ" holds the
compiled version of each Fortran file. After a Fortran module is modified, an
executable image containing the updated version can be obtained by issuing the
following commands:

FORTRAN MODULENAME
LIBRARY/REPLACE LIBNAME MODULENAME
@LNKNAME

Command files FORROB.COM and REPLIB.COM exist for compiling the entire
set of routines in the main directory and updating the object libraries.
PRTROB.COM provides for printing all of the Fortran modules. Each of these com-
mand files should be updated when routines are added to or deleted from the
program.

Fortran COMMON blocks. - The variables used by several routines are ar-
ranged into COMMON blocks. The text file ROBCOM.DOC lists and briefly de-
scribes the variables included in each COMMON block. A Fortran COMMON state-
ment for each block resides in a file of type ".CMN" that has the same name as
the COMMON block. The COMMON blocks are included during compilation of the
Fortran modules using the INCLUDE statement. This allows a block to be modified
by changing only the ".CMN" file, instead of all the Fortran modules that use
this block.

During compilation of the Fortran modules, maximum values must be speci-
fied for some of the array dimensions. These maximum dimensions are often de-
fined by PARAMETER statements, and most of these statements are included in
the file MXPRMS.TXT. Figure B-5 shows a listing of this file. To change the
maximum dimension of some variables (e.g., to increase the number of arms pos-
sible in a system), the programmer must only change the appropriate parameter
(MXARMS) and recompile the programs.
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MXPRMS . TXT

THE PARAMETERS IN THIS INCLUDE FILE ARE CONSTANT VALUES REQUIRED

BY THE PROGRAM.

INTEGER*2 MAXSPN, IFACTCAD, ISEGCAD

PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER

(MXLNKS=10 ,MXARMS=5)

(MAXORD=3 ,MAXSEG=20 ,MXPLTS=31)
(MXENCMPS=30 ,MXGRCMP=40 ,MXLDCMPS=10)
(MXPTS=10,MXLODS=10)
(MXTRGCMPS=10,MXTRGS=10)
(MXGRAFPT=5000)

(MAXTRAN=50 ,MAXLIN=20000 ,MAXPNT=40)
(MAXARC=300 ,MAXSPL=200)
(IFLGEND=5557)
(IDIV=10,ISEGCAD=1,IFACTCAD=10)
(ITLNGTH=4 ,MAXFLD=30000 ,MAXSPN=500 ,MAXBRK=4)

DEFINITIONS

SYMBOL
MXARMS
MXLNKS
MXPLTS
MAXORD

MAXSEG

MXPTS

MXGRCMP

TYPE
I*4
I*4
I%4
I*4

I%4

I*4

I*4

MXENCMPS I*4

MXLDCMPS I%*4

MXLODS

I%*4

MXTTRCMPS I*4

MXTRGS

I*4

MXGRAFPT I%*4

ISEGCAD

I%2

IFACTCAD I*2

MAXSPN

I%2

DIMENSION DEFINITION

1 MAXIMUM NUMBER OF ARMS
1 MAXIMUM NUMBER LINKS ALLOWABLE
1 MAXIMUM NUMBER OF Y ARRAY DATA

PARAMETERS WHICH MAY BE
WRITTEN TO PLOT FILE

1 ORDER OF THE POLYNOMIAL DESCRIBING
THE MOTION TIME HISTORY
1 MAXIMUM NUMBER OF TIME SEGMENTS

ALLOWED TO DESCRIBE THE MOTION
TIME HISTORY

1 MAXIMUM NUMBER OF POINT MASSES
IN EACH LINK OR LOAD

1 MAXIMUM NUMBER OF GRAPHICS COMPONENTS
ALLOWED PER LINK

1 MAXIMUM NUMBER OF GRAPHICS COMPONENTS
IN ENVIRONMENT

1 MAXIMUM NUMBER OF GRAPHICS COMPONENTS
IN EACH LOAD OBJECT

1 MAXIMUM NUMBER OF LOAD OBJECTS ALLOWED

1 MAXIMUM NUMBER OF GRAPHICS COMPONENTS
IN EACH TARGET OBJECT

1 MAXIMUM NUMBER OF TARGET OBJECTS
ALLOWED

1 MAXIMUM NUMBER OF GRAFIX POINTS ALLOWED
IN EACH COMPONENT

1 NUMBER OF SEGMENTS FOR THE CAD/CAM
GRAPHICS

1 SCALE FACTOR FOR THE CAD/CAM GRAPHICS

1 MAXIMUM SPAN OF THE ARM DURING CAD/CAM
GRAPHICS
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ITLNGTH I*4 1 LENGTH OF THE CAD/CAM FILE TITLE

IFLGEND I%4 1 CAD/CAM FILE FLAG SPECIFYING END OF
DIRECTORY DATA SECTION IN FILE

MAXFLD I 1 MAXIMUM NUMBER OF LINES IN THE CAD/CAM
DATA FILE

MAXARC I#4 1 MAXIMUM NUMBER ALLOWABLE CAD/CAM
ARC ENTITIES

IDIV Ieg 1 NUMBER OF STRAIGHT LINE SEGMENTS

INTO WHICH CURVE ENTITY IS DIVIDED
FOR CAD/CAM GRAPHICS DISPLAY

MAXLIN I*4 1 MAXIMUM NUMBER ALLOWABLE CAD/CAM
LINE ENTITIES

MAXPNT I#4 1 MAXIMUM NUMBER ALLOWABLE CAD/CAM
POINT ENTITIES

MAXSPL I#4 1 MAXIMUM NUMBER ALLOWABLE CAD/CAM
B-SPLINE ENTITIES

MAXBRK I*4 1 MAXIMUM ORDER ALLOWED FOR B-SPLINE
DEFINING EQUATION DURING CAD/CAM

MAXTRAN I*4 1 MAXIMUM NUMBER ALLOWABLE CAD/CAM

TRANSFORMATION ENTITIES

Figure B-5. - Listing of MXPRMS.TXT.

Interactive help utility. - An interactive help utility is implemented in
ROBSIM to provide online assistance to the user for answering some of the pro-
gram prompts. The utility provides the user with information on the function
and form of the routine and its arguments. The utility is implemented using a
mixture of custom software and the VMS help utility. Information for the help
library is included in the in-code documentation in the FORTRAN modules under
the heading "CDX". The command file MAINHLP.COM is executed to set up a help
library ROBLIB.HLB from this documentation. The executable image MNEXTRACT.EXE
is run to extract the help library information from the FORTRAN modules; it
selects all program lines beginning with "CDX" and deletes the "CDX" headings.
The formatted file MAINHLP.DOC lists the FORTRAN modules (type ".FOR" implied)
to be searched for help library information. All segments that are extracted
must follow the conventions for creating help libraries as described in VAX/VMS
Volume 4A Program Development Tools Utilities Reference Manual, Section 10.3.2.
They are temporarily stored in a file of type ".HLP".
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(Warning - all ".HLP" routines are deleted by the command file execution!)
g

As an example, Figure B-6 shows the help documentation extracted from pro-
gram POSTDRVR. The help utility is accessed within the ROBSIM program modules
by a call to the subroutine LBR_HLP. This module is included in the object
library HELP DIR:QESTLIB.OLB along with the other routines needed for the help
utility. Table B-IIl summarizes the main files employed by the help utility.

1 POSTDRVR
THIS MODULE IS EXECUTED BY THE POST PROCESSOR

2 PARAMETERS

Qualifiers:
/ IMODE
3 /IMODE
TYPE DIM DEFINITION
I*4 1 Select flag for mode of operation
= 1, Replay simulation graphic motion
only
= 2, Replay simulation versus hardware
' motion
= 3, Parameter versus parameter plots
= 4, Return to ROBSIM executive
2 FUNCTION

The result of executing option 1, is to call subroutine
SIMOTION which provides a replay of the robotic system motion
produced from a simulation run. Option 2 provides a
comparison of motion resultant from direct hardware theta value
read and motion resultant from simulation execution, through
subroutine HDWMOTIN.

If option 3 is selected, subroutine ROBPLT is called to
provide parameter versus parameter plots of any of the
data computed and written to a plot file during the
Requirements Analysis Tools Function.

Option 4 returns execution to the primary ROBSIM level.

Figure B-6. - Listing of help documentation extracted from POSTDRVR.

TABLE B-III. - FILES USED FOR INTERACTIVE HELP UTILITY

MAINHLP.COM Executive command file for extracting help
library documentation from FORTRAN code
MAINHLP.DOC Names of FORTRAN modules containing help information

MODULENAME.HLP Temporary file of help documentation extracted
from routine MODULENAME.FOR

ROBLIB.HLB Data file used for help utility

LIB HELP.FOR Module containing program which reads ROBLIB.HLB

HELF;MAC.MAR Macro routine used to access help facility
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Hardcopy utility. - The ROBSIM program provides the capability for inter-
active display of the manipulator system on an Evans and Sutherland graphics
workstation during system creation or analysis. In addition, plots of this
display can be generated on a hardcopy plotter for future reference. Genera-
tion of the hardcopy plot entails three steps: (1) creation during program
execution of a picture file, (2) conversion of this file into a graphics
meta-file, and (3) translation of this meta-file into a display or plot.

The first step is initiated by a call to the routine HARD COP at the
points in the program where a hardcopy of the E&S display may be desired. If
the user selects to keep a hardcopy of the current display, a picture file
named by the user is created. The routines for this procedure are in object
libraries HCPIC.OLB and HCMFL.OLB in directory HARDCOPY DIR: and are linked
with the ROBSIM executable images (Fig. B-4). Program execution continues
after the meta-file is completed.

After the ROBSIM run terminates, the user can activate programs that con-
vert the picture files into meta-files by executing HCMFL.EXE. The resulting
picture file can be translated into a display on the video-terminal or hard-
copy plotter using DI3000 software. The images TRANSLATE.EXE and then
VIMETTRNS.EXE or HPMETTRNS.EXE in device-directory DI3000 DIR: perform this
translation. Activating these images is made easier by assignments in the
log-in command file:

HCMFL = RUN HARDCOPY DIR:HCMFL.EXE

TRANSLATE := RUN DI3000_ DIR:TRANSLATE.EXE
HPMETTRNS := RUN DI3000 DIR:HPMETTRNS.EXE
VIMETTRNS := RUN DI3000_DIR:VIMETTRNS.EXE

The user need only type the keyword to start execution of these programs.

File "type" conventions. - The different types of files used in creating
the ROBSIM program are designated by individual file-type suffixes in their
file specifications. It is recommended that the programmer and user maintain
these conventions in the files they create. Table B-IV lists the suggested
type specifications.
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TABLE B-IV. - FILENAME CONVENTIONS USED IN ROBSIM

APPENDAGE DEFINITION
FOR FILENAME
.ARM ARM GEOMETRY FILE CREATED
DURING SYSTEM DEFINITION
.SYS SYSTEM GEOMETRY FILE CREATED
DURING SYSTEM DEFINITION
.1LOD LOAD GEOMETRY FILE CREATED
DURING SYSTEM DEFINITION
.ENV ENVIRONMENT GEOMETRY FILE CREATED
DURING SYSTEM DEFINITION
.0OBS OBSTACLE FILE (NONPLANARX,Y,Z COORDINATES)
READ FOR DETAILED GEOMETRY INPUT
.ACT ACTUATOR DEFINITION INPUT FILE
READ BY MODULE ACTUATOR DURING
SYSTEM DEFINITION
.CON RESPONSE ANALYSIS CONTROL OPTIONS
INPUT FILE READ BY CONTRL MODULE
.THT HARDWARE THETA ANGLE INPUT FILE
CREATED FROM HARDWARE CONVERSION
ROUTINE, AND INPUT DURING POST PROCESSING
VLT HARDWARE VOLTAGE CONTROL SIGNAL INPUT
FILE CREATED FROM HARDWARE CONVERSION
ROUTINE, AND INPUT DURING RESPONSE
ANALYSIS EXECUTION
.THP TIME HISTORY PROFILE FILE CREATED BY
AN INPUT TO REQUIREMENTS ANALYSIS
.DAT REQUIRMENTS OR RESPONSE SIMULATION
OPTIONS INPUT FILES; ALSO SOME OUTPUT FILES
.CMN COMMON BLOCKS INCLUDED THROUGHOUT PROGRAM
.OLB PROGRAM LIBRARY FILES
.LIS LISTINGS OF SUBROUTINES IN EACH LIBRARY
.FOR FORTRAN CODE
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TABLE B-IV (cont)

.0BJ FORTRAN OBJECT MODULES
.EXE ROBSIM PROGRAM AND UTILITIES EXECUTABLES
.COM COMMAND FILES FOR COMPILING, REPLACING

MODULES IN APPROPRIATE LIBRARIES,
LINKING THE DRIVERS, PRINTING ALL
MODULES, AND RUNNING THE PROGRAMS

.IXT PARAMETER FILES INCLUDED IN MODULES
THROUGHOUT PROGRAM

.DOC DOCUMENTATION FILES

JHLP USER HELP FILES GENERATED WITH THE

MNEXTRACT UTILITY IN HELPER DIRECTORY
ACCESSIBLE WITH THE LBR HELP UTILITY

.PRT SIMULATION PRINT OUTPUT FILES

.PLT PLOT OUTPUT FILES FOR HEWLETT PACKARD
X-Y PLOTTER OR VT125 GRAPHICS TERMINALS

.AGF ARM GEOMETRY PRINT OUTPUT FILES CREATED
DURING SYSTEM DEFINITION

.PIC PICTURE FILES OF EVANS AND SUTHERLAND
DISPLAYS, GENERATED WITH HARD COP
ROUTINE; MAY BE REPRODUCED ON THE
HEWLETT PACKARD PLOTTER AFTER
CONVERSION TO META-FILE FORMAT

.SOF SIMULATION OUTPUT FILE FOR POST PROCESSING
LAVT ACCELERATION-VELOCITY-THETA OUTPUT FILE
.IRQ TORQUE OUTPUT FILE

.ouT ACTUAL HARDWARE OUTPUT FILES FOR

VOLTAGE CONTROL SIGNALS AND CORRESPONDING
THETA ANGLE VALUES

.BMP BASE MOTION PROFILE CREATED BY

AN INPUT TO REQUIREMENTS ANALYSIS
.BTQ BASE REACTION TORQUES AND FORCES OUTPUT FILE
NPT PRINTOUT FILE OF DETAILED GEOMETRY DATA

INPUT BY USER
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.SGF

DETAILED GRAPHICS COMPONENT DATA GENERATED
FROM CAD/CAM FILE INTERFACE IN PREPROCESSOR

TARGET GEOMETRY FILE CREATED DURING
SYSTEM DEFINITION

SYSTEM GEOMETRY PRINT OUTPUT FILES CREATED
WITH UTILITY RDWRTSYS
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'ROBSIM.COM

$SET NOVERIFY

$SET TERM/NOBROAD

$COUNT=0

$LOOPS:

$COUNT=COUNT+1

$IF COUNT.GT.1 THEN GOTO ASKNEXT

$ASKWICH:

$WRITE SYS$OUTPUT "INPUT (PREPDRVR)-- TO RUN ROBSIM PREPROCESSOR
FUNCTION"

$WRITE SYS$OUTPUT "INPUT (INITDRVR)-- TO RUN ROBSIM SYSTEM
DEFINITION FUNCTION"

$WRITE SYS$OUTPUT " (SIMDRVR) -- TO RUN ROBSIM
SIMULATION ANALYSIS
TOOLS FUNCTION'

$WRITE SYS$OUTPUT " (POSTDRVR)-- TO RUN ROBSIM POST
PROCESSOR FUNCTION"

$PROMPT : =WHICH:

$READ/PROMPT=""'PROMPT' " SYS$COMMAND WHICH

$IF WHICH.EQS."INITDRVR" THEN GOTO INIT

$IF WHICH.EQS.'"SIMDRVR" THEN GOTO SIM

$IF WHICH.EQS.'POSTDRVR" THEN GOTO POST

$PREP

$ASSIGN TT SYS$INPUT

$ASSIGN TT SYS$OUTPUT

$RUN [ROBSIM.WORK]PREPDRVR

$DEASSIGN SYS$INPUT

$DEASSIGN SYS$OUTPUT

$INQUIRR

$PROMPT : =INPUT(Y) TO RUN PREPROCESSOR FUNCTION AGAIN,-

(OTHERWISE, RETURN)

$READ/PROMPT="" ' PROMPT'" SYS$COMMAND WHICH

$IF WHICH.EQS."Y" THEN GOTO PREP

$GOTO LOOPS

$INIT:

$ASSIGN TT SYS$INPUT

$ASSIGN TT SYS$OUTPUT

$RUN [ROBSIM.WORK]INITDRVR

$DEASSIGN SYS$INPUT

$DEASSIGN SYS$QUTPUT

$INQUIRI:

$PROMPT:=INPUT (Y) TO RUN SYSTEM DEFINITION FUNCTION AGAIN, -

(OTHERWISE, RETURN)

$READ/PROMPT="""'PROMPT'" SYS$COMMAND WHICH

$IF WHICH.EQS."Y" THEN GOTO INIT

$GOTO LOOPS

$SIM:

$ASSIGN TT SYS$INPUT

$ASSIGN TT SYS$OUTPUT

Figure B-2. - The ROBSIM executive command file.
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$RUN [ROBSIM.WORK]SIMDRVR
$DEASSIGN SYS$INPUT
$DEASSIGN SYS$OUTPUT
$INQUIRS:
$PROMPT: =INPUT (Y) TO RUN SIMULATION ANALYSIS TOOLS -
FUNCTION AGAIN, (OTHERWISE, RETURN)
$READ/PROMPT="''"' ' PROMPT'" SYS$COMMAND WHICH
$IF WHICH.EQS."Y" THEN GOTO SIM
$GOTO LOOPS
$POST:
$WRITE SYS$OUTPUT '"DO YOU WISH (1) TERMINAL OR
(2) HARDCOPY PLOTTING?"
$PROMPT:= ENTER INTEGER:
$READ/PROMPT="" ' PROMPT'" SYS$COMMAND WHICH
$ASSIGN TT SYS$INPUT
$ASSIGN TT SYS$OUTPUT
$IF WHICH.EQS."1" THEN RUN [ROBSIM.WORK]POSTDRVT
$IF WHICH.EQS."2" THEN RUN [ROBSIM.WORK]POSTDRHP
$DEASSIGN SYS$INPUT
$DEASSIGN SYS$OUTPUT
$INQUIRP:
$PROMPT:=INPUT (Y) TO RUN POST PROCESSOR FUNCTION AGAIN, -
(OTHERWISE, RETURN)
$READ/PROMPT="" 'PROMPT'" SYS$COMMAND WHICH
$IF WHICH.EQS."Y" THEN GOTO POST
$GOTO LOOPS
$ASKNEXT:
$PROMPT:=INPUT (Q) IF YOU WISH TO EXIT THE PROGRAM
(OTHERWISE, RETURN)
$READ/PROMPT="" 'PROMPT'" SYS$COMMAND QUIT
$IF QUIT.EQS."'* THEN GOTO ASKWICH
$EXIT
$STOP

Figure B-2. (concl)
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2

LNKPREP. COM

$LINK/EXECUTABLE=PREPDRVR = PREPDRVR, -
PREPLIB/LIB,-
CADLIB/LIB,-
ESCADLIB/LIB,-
UTILLIB/LIB,-
MATHLIB/LIB,-
HCPIC/LIB,~
HCMFL/LIB, -
DISK$USER1:[ROBSIM.HELPER]QESTLIB/LIB, -
SYS$SYSDEVICE: [MPSGSP JMPLIB/L

LNKINIT.COM

$LINK/EXECUTABLE=INITDRVR = INITDRVR,-
CRLIB/LIB, -
GEOMLIB/LIB,-
GRAFLIB/LIB,-
SETLIB/LIB,-
EANDSLIB/LIB,-
UTILLIB/LIB,-
MATHLIB/LIB,-
HCPIC/LIB, -
HCMFL/LIB, -
DISK$USER1: [ROBSIM.HELPER JQESTLIB/LIB, -
SYS$SYSDEVICE: [MPSGSPJMPLIB/L

LNKSIM.COM

$LINK/EXECUTABLE=SIMDRVR  SIMDRVR, -
SIMLIB/LIB,-
CNTLLIB/LIB,-
TASKLIB/LIB,-
REQLIB/LIB,-
EANDSLIB/LIB,~-
UTILLIB/LIB,~
SETLIB/LIB,-
MATHLIB/LIB, -
HCPIC/LIB, -
HCMFL/LIB, -
DISK$USERI : [ROBSIM.HELPER ]JQESTLIB/LIB, -
SYS$SYSDEVICE: [MPSGSP JMPLIB/L

Figure B-4 - ROBSIM linker command files.
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LNKPOSTVT.COM

$LINK/EXECUTABLE=POSTDRVT  POSTDRVR, -
POSTLIB/LIB,-
SETLIB/LIB,-
UTILLIB/LIB,-
MATHLIB/LIB,-
EANDSLIB/LIB,-
HCPIC/LIB,~-
HCMFL/LIB,-
DISK$USER1:[ROBSIM.HELPER]QESTLIB/LIB,-
SYS$SYSDEVICE: [MPSGSP JMPLIB/L
di3 1ink:DILIB/LIB,MFNODE/OPT, LVLC/OPT,-
DI3 DDR:DDR125,-
DI3_LINK:UTILLIB/LIB

LNKPOSTHP .COM

$LINK/EXECUTABLE=POSTDRHP  POSTDRVR, -
POSTLIB/LIB,-
SETLIB/LIB,-
UTILLIB/LIB,-
MATHLIB/LIB,-
EANDSLIB/LIB,-
HCPIC/LIB,-
HCMFL/LIB,-
DISK$USER1 : [ROBSIM.HELPER]QESTLIB/LIB
SYS$SYSDEVICE: [MPSGSPJMPLIB/L
DI3_CS:MGRAIN,Q3ATOC,-
di3 1ink:DILIB/LIB,MFNODE/OPT,LVLC/OPT,-
DI3 DDR:DDR721,-
DI3_LINK:UTILLIB/LIB

Figure B-4. (Concl)
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The program INITDRVR is the system .
shows the program modules employed in I

modules.

The set of functional descrip

following pages describe these routines
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1.1.7
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B-V. - PROGRAMS EMPLOYED IN INITDRVR
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INITDRVR
SETLU
LBR HELP
BLDARM
BLDENV
BLDLOD
BLDSYS
BLDTRG
ZERCOM
DEFUNIT
CREATARM
RDARM
LDDAT
WRTARM
ENVIR
RDENVS
RDARMS
O BASES
1 SETUP
2 SETUP2
3 HARD_COP
14 SYSGRAF
15 RDLODS
16 LOCMOD
17 WRTSYS
18 RDENV
19 DRWENV
20 WRTENV
RDLOAD
.22 LOAD

1.0
1
1
1
1
1
1
1
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2
2
2
2
2
2
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2
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INITDRVR

The program INITDRVR is the system definition function driver. It ope-
rates in an interactive mode, prompting the user for the system defini-
tion option desired--create or modify an arm data file, create or
modify a detailed environment file, create or modify a target objects
file, create or modify a load objects file, create a system data file,
or terminate INITDRVR execution. Subroutine SETLU is called to set the
Fortran logical units. The necessary simple cylinder or detailed sin-
gle arm file must exist prior to building a system. A detailed graph-
ics save file is opened if requested.
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1.1.1 SETLU

SETLU is called from the various executive drivers to set the Fortran
logical unit number to be stored in COMMON block LUNITBK for reference
by the rest of the ROBSIM program. After assigning the variables to
consecutive unit numbers, the "unit open'" flags are reset to indicate
the units are not open (except the terminal read and write units).

SUBROQUTINE SETLU

ASSIGN LUl THRU LU2O SUCCESSIVE
LOGICAL NUMBERS STARTING WITH S
(LUl=5, ...

SET FLAGS FOR LUl ANDO LUZ2
INDICRTING UNITS OCPEN

RESET FLAGS FOR REMAINING UNITS
INDICARTING UNITS NOT OPENED

DISPLAY LOGICARAL RARSSIGNMENTS TO
USER AND PROMPT FOR FLRG TO
CONTINUE
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1.1.2

LBR_HELP

Subroutine LBR HELP is called to execute the help utility during a

ROBSIM run. It uses the object file created from the macro HELPMAC.MAR
and runs the system help utilities as required.

(VCLR for LBR_HELP not available.)
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1.1.3

ORIGEHNAL AR T e is

LR

BLDARM OF POCR QUALITY

BLDARM is met when a selection of 1, to create or modify an arm data
file, is entered from INITDRVR. The user choices for mode of operation
are (1) create a simple cylinder arm data file, (2) modify existing arm
data file, (3) enter detailed graphics data for arm (a simple cylinder
file must already exist), or (4) terminate arm definition and return to
the INITDRVR. For initial creation, option (1), subroutine ZERCOM is
called to zero the COMMON locations and then CREATARM is called to build
the new data file. For modification, RDARM and CREATARM are called when
option (2) is requested. BLDDAT is responsible for the invention of de-
tailed arum geometry. In all cases, WRTARM will be called to write the
arm data COMMON informatiom.

SUBROUTINE BLDRRM

SET PROCESSOR MODE = 1. FOR SYSTEM DEFINITION
PROMPT USER FOR OPERATION MQODE. IMODE
READ USER RESPONSE
DOCARSE
IMODE . LE. 3 TMODR = <
DoCcRsSE
IMODE .LE. 2 IMODE = 3
DOCRSE =
— uws 2 |
IMODE = 1 IMODE = 2 x5 = )
CALL _BERCOM TO  |ors. movews 7o S5 s &
BERO ==t$ia |RERD m DaT = §§ < o
| FILE YO BE —_ R — )
CALL DEFUNIT MODIFIED ::j e == =
TO DEFINE IO = FE=T _ =
MATH UNITS oMl mﬂ: ——3 j % %
MOOIFY EXISTING - = — [
oiRE R [T = |2 | = |
PROMPT USER FOR DEFTINITION MODE TO = Eggg
INCLUDE DETAILED GEOMETRY g2 et
USER ' INCLUDING g =2 =
T DETARAILED GEOMETRY = ;; E;gﬂ =
CALL. BLDODAT TO DEFINE g
CALL WRTARM TO SAVE ARM OATA IN USER SPECIFIED
FILENAME
RETURN
END
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1.1.4 BLDENV

The user has the capability with routine BLDENV to specify a detailed
physical representation for the robotic environment. Components for
the environment are defined as basic geometric shapes (cylinders,
cones, rectangular solids, symmetric or nonsymmetric trapezoidal fig-
ures, triangular cross-sectional beams, rectangular beams, fillet com-
ponents, data tablet-defined entities, obstacles, and CAD/CAM objects.
The component type is written to the detailed graphics save file if
requested.
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1.1.5 BLDLOD

Through routine BLDLOD, the user has the capability to specify a de-
tailed physical representation for the robotic load objects to be

used. Components for the load objects are defined as basic geometric
shapes (cylinders, cones, rectangular solids, symmetric or nonsymmetric
trapezoidal figures, triangular cross-sectional beams, rectangular
beams, fillet components, data tablet-defined entities, nonplanar enti-
ties, and CAD/CAM objects). This subroutine creates a new file, or
modifies an existing file of load objects, and includes the capability
to specify the detail at the first creation session for the load ob-
jects. The component type is written to the detailed graphics save
file if requested.
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BLDSYS

BLDSYS prompts the user for the moving base information and then reads
individual arm data files into the appropriate system COMMON blocks.

It desired, the locations of the fixed bases can be modified. BLDSYS
then sets up the environment, load objects, target data, and stores the
system file.
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BLDTIRG

Through routine BLDTRG, the user can specify a detailed physical repre-
sentation for the robotic target objects to be used. Components for

the target objects are defined as basic geometric shapes (cylinders,
cones, rectangular solids, symmetric or nonsymmetric trapezoidal fig-
ures, triangular cross-sectional beams, rectangular beams, fillet com-
ponents, data tablet-defined entities, obstacles, CAD/CAM objects and
four-dot target patterns). This subroutine creates a new file or modi-
fies an existing file of target objects, and includes the capability to
specify the detail at the first creation session for the target objects.
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ZERCOM

Subroutine ZERCOM is called from BLDARM, BLDLOD, and BLDTRG to ini-
tialize the arm, load, and target data COMMON blocks prior to creating
new system files. The COMMON blocks initialized to zero include:

1)
2)
3)
4)
5)
6)
7)
8)

9)

BLDGBK - arm geometric properties;
BLDMBK - arm mass prope:ties;
GRAFBK - arm graphics data;
BLDABK ~ arm actuator parameters;
BLDSJBK - special joint flags;

LOADBK - load geometry and mass properties;
LGRAFBK - load graphics dataj;
TARGBK - target geometry and mass properties;

TGRAFBK - target graphics data.

B-27
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1.2.2 DEFUNIT
Subroutine DEFUNIT is called during system definition to set up input
and output units specified by the user. If these I/O units are not met-
ric, the routine establishes conversion factors between the I/0 units
and internal (metric) units. The conversion factors are stored in vari-
able CONUNIT, and LISUNIT contains a character string listing the I/0
units employed.
SUBROUTINE DEFUNIT
PROMPT FOR DESIRED I/0 UNITS
IMETRIC OR ENGLISH)
UNITS RARE METRIC
T N : F
AN
s OO
— U DEFINE ENGLISH TO
== 3 METRIC CONVERSIONS
=
= o=
D2
a 5= DISPLAY ENGLISH UNITS
= FOR VARIABLES

RETURN

END
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1.2.3 CREATARM

Subroutine CREATARM is called within the system definition function to
provide control of the creation or modification modes for the simple
cylinder arm data file. The basic routines called for either option
are SPAN (define arm span), BASE (define base geometric properties),
BASELK (define base mass properties), JOINT (define joint), ACTUATOR
(optional, to define motor properties), LINK (define link properties),
and DEFSPJT (optional, to define special joints). If the user opts for
an end-effector, TOOLJT (define tool-joint properties) and TOOLLK
(define tool-link properties) are called. Graphics may be requested
during CREATARM.

B-29
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l.2.4 RDARM
Subroutine RDARM is called from BLDARM to read from an unformatted arm
data file the data describing a single arm. Routines called by BLDARM
can then modify the data. The user is prompted for the name of the arm
data file to be modified. The following data are read from it:
1) Input/output units;
2) Geometric properties;
3) Mass properties;
4) Graphics data;
5) Actuator data;

6) Information on special joints.

The user has the option of saving or deleting the old data file.

SUBROUTINE RDARM

PROMPT FOR NARME OF ARM DRTAR FILE

OPEN ARM DRTAR FILE

READ INPUT/0OUTPUT UNITS DRATAH

READ GEOMETRIC PROPERTIES DRTHR

READ MASS PROPERTIES DRTH

READ GRAPHICS DRTRH

READ RCTURTOR DATAH

RERD SPECIAL JOINT DRTAH

DISPLAY MESSAGE THART ALL DRTA HARS BEEN RERD

SAVE ARM DRTR FILE

. DELETE RARM
T o ~

CLOSE
FILE AND
SAVE

cLoseE /AND
DELETE FILE SAVE FTLE

RETURN

END
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1.2.5 BLDDAT

Subroutine BLDDAT provides the user the capability to specify a more
detailed physical representation for the links of the robotic arm.
Components of the robotic arm system are defined by combinations of
geometric primitives. A number of detailed components can be included
for the base, each link extension and the tool definitions. The com-
ponents are simple three-dimensional shapes: the cylinders, cones, rec-
tangular solids, symmetric trapezoids, nonsymmetric trapezoids, trian-
gular cross-sectional beams, rectangular beams, data tablet structures,
fillet components, nonplanar entities, and CAD/CAM objects. Unique
subroutines are called to handle loading the graphics object data for
the shapes chosen to represent a detailed arm. Additional shapes can
be added as required. The component type is written to the detailed
graphics save file if requested.
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1.2.6 WRTARM

Subroutine WRTARM is called from BLDARM to save, in a user-specified
file, the data generated when creating or modifying an arm description.
The user is prompted for the name of this file and is also given the op-

tion of storing a formatted file containing the arm description for
later printing.

SUBROUTINE WRTRHRRM
PROMPT FOR NAME OF FILE TO WRITE ARM DRTR TO

OPEN FILE
D\ WRITE FORMATTED ARM GEOMETRY FILE FOR PRINTING

PROMPT FOR NAME OF ARM GEOMETRY PRINTOUT FILE

OPEN FILE
WRITE RARM GECMETRY DESCRIPTION TO FILE
CLOSE AND SAVE FILE

WRITE INPUT/0UTPUT UNITS DRTR TO FILE
WRITE RRM GEOMETRY DRATH
WRITE ARARM MASS PROPERTIES
WRITE RARM GRAPHICS DRTH
WRITE RCTUARTOR DRTHA
WRITE SPECIAL JOINT DARTA
DISPLAY MESSAGE THRT FILE WRAS WRITTEN
CLOSE AND SAVE FILE
RETURN
END

(NULL)
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1.2.7

ENVIR
Subroutine ENVIR interactively establishes the basic properties of the

system environment during system definition. This includes the input/
output units, the gravity vector and the system span.

SUBROUTINE ENVIR

PROMPT USER FOR GRAVITY FLAG. STANDRRD
OR INPUT VALUE

RERD USER RESPUONSE

USER REQUESTED STRNDRRDO
T GRAVITY

PROMPT USER FOR INPUT RCCELERARTION
DUE TO GRARVITY IN DEFRULT UNITS

RERO USER INPUT GRAVITY VECTOR INTO
GRAV PARARRMETER

CRLL CVTUNIT GRRARV TO CONVERT
TAO INTERNAL. MATH UNITS

SET GRAV YECTOR

= (0.0,9,607,0.0)

PROMPT USER FOR SYSTEM SPRN IN
DEFARULT UNITS

RERD USER INPUT INTO SYSSPN
PRRAMETER

CALL CVTUNIT TO CONVERT SYSSPN TO
INTERNRAL MATH UNITS -

RETURN

END
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1.2.8 RDENVS

The subroutine RDENVS is called from BLDSYS if the user wishes to in-
clude an environment in the system being created. This routine reads
the unformatted environment data file created by the system definition
function for the multiarm system. The user is prompted for the name of
the data file under which the environment data have been stored. The
file is opened and COMMON block ENVTBK loaded from the data file during
system creation. The file is closed and saved.

SUBROUTINE RDENVS

PROMPT FOR NAME OF FILE CONTRINING
ENVIRONMENT DARTAR

OPEN ENVIRONMENT DRTR FILE

REARD INPUT./0OUTPUT UNITS DRTR

READ GRAPHICS DRTAR FOR ERCH
COMPONENT

DO UNTIL N = NUMBER OF COMPONENTS
IN ENVIRONMENT

CLOSE FILE AND SAVE

OTSPLAY MESSARGE THAT FILE HAS BEEN
READ AND SAVED

RETURN

END
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1'2.9

ORIGINAL Pl to

UALT{Y
RDARMS OF POOR QUA

Routine RDARMS is called during the total robotic system creation for
each of the arms desired for inclusion in the system setup. The sub-
routine RDARMS reads the unformatted data file created by the system
definition function containing any one arm file. The user is prompted
for the name of the data file under which the arm data have been stored.
The file is opened and read into the following COMMON blocks: GEOMBK,

AMASBK, IOBJBK, TOOLBK, FORCBK, MOTORBK and SPJTBK.

SUBRQUTINE RDARRMS

SET PROCESSSOR MODE = 1. FOR SYSTEM DEFINITION

PROMPT USER FOR FILENAME OF SINGLE RRM FILE TO RERD

OFPEN RARM DRTAHR FILE

STORE SYSTEM UNITS IN TEMPORARY ARRAYS

READ UNITS COMMON BLOCK INTO SYSTEM COMMON

RERD GEOMETRY COMMON BLOCK FOR BASE. JTS. ANDO TOOL INTO SYSTEM
COMMON

READ MASS PROPERTIES COMMON BLOCK FOR BRSE. JTS. AND TOOL INTO
SYSTEM COMMON

| CONVERT PROPERTIES TO INTERNAL UNITS FOR SLIDING PND ROTATING

PUT TOOL MASS PROPERTIES INTC SYSTEM TOOL COMMON BLOCK:

RERD GRAPHICS DATA COMMON BLOCK INTO SYSTEM COMMON

CONVERT ARM SPAN TO INTERNARL UNITS

SCALE GRAPHICS OBJECT DATA BY (ARM SPAN / SYSTEM SPRN3

READ ACTUATOR DATAR COMMON BLOCK INTQO SYSTEM COMMON

CONVERT ACTURTOR DARTAR TO INTERNRARL UNITS

READ SPECIAL JOINT DRTA COMMON BLOCK INTO SYSTEM COMMON

CLLOSE SINGLE RRM DRTR FILE

REWRITE SYSTEM UNITS INTQ SYSTEM UNITS COMMON BLOCK

RETURN

END
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1.2.10 BASES

BASES modifies the base location or orientation when including an arm
in a system; it is called from BLDSYS.

SUBROUTINE BASES

SET MODE FLAG = 1

WRITE CURRENT BASE LOCATION VALUE TO TERMINAL

PROMPT FOR BASE LOCARTION MODIFICARTION FLAG

T INFPUT MODRIFY FLAG = 2

mmwnw.mmopmmwm
nznax.v.lmormwomm [NUL-I—]

WRITE CURRENT BRSE ORIENTION VALUE TO TERMINAL

PROMPT FOR BRSE ORIENTATION MODIFICARTION FLAG

3 TNPUT MODIFY FLAG = 2
I = O
DO WHILE I .LT. 3
I = I + 1

PROMPT FOR I TH ROTATION sSEQUENCE AXIS OF ROTATION

REAS ROTATION SEQUENCE AXIS OF ROTATION INTC IROT O
PROMPT FOR I TH ROTARTION ARANGLE

READ ROTATION ANGLE INTO AJTANG FOR T TH SEQUENCE NUMBER

PROMPT FOR USER INPUT TERMINARTION

DO UNTIL USER TERMINRTES ROTRTION SEQUENCE INPUT
SET JNTSEG MATRIX ELEMENT BASED UPCN IROT MATRIX ZELEMENTS
LoRE TEMP MARTRIX WITH CURRENT ORIENTATION MATRIX
CALL ROTMAT TO COMPUTE ROTATION MATRIX. TEMP1
CONCATENATE NEW ROT MATRIX (TEMPL1) WITH CURRENT ROT MRATRIX (TEMP)
LORD ROTRTION MRATRIX. OR. WITH RESUL TING TRANSFORMED MRATRIX

(NULL)

RETURN

END
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1.2.11 SETUP

Subroutine SETUP calls SETUP2 for each arm in the manipulator system to
calculate the positions of all arm components in terms of world coordi-
nates.

SUBROUTINE SETUPR

CALL SETUPZ2 TO CALCULARTE ALL
POSITIONS IN WORLD COORDINRTES

DO UNTIL KARM = NUMBER OF RRMS IN
THE SYSTEM

RETURN

END
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1.2.12 SETUP2

SETUP2 works every increment. It calculates the positions of all links
(including base, tool, and any held loads) and transforms link and cen-
troid vectors to world coordinates. The recursive positioning method
described in the main text is used. Finally, subroutine JACOB is called
to compute the Jacobian for the current positiom.

SUBROUTINE SETUP2

et e — e
CRLL BASPUT TO LORD BARSE LOC. RAND ORIENTRATION INTO PROPER
VARIRBLES

CALL MARTMPY TO FIND JOINT N TO JOINT N+1 VECTOR
(HITJ3

CRLL MATMPY TO FIND JOINT N TO LINK N C.G.
VECTOR ((HCG)

N .LT. NUMBER OF JOINTS +1 ((NOT RT ENO

T EFFECTOR) F
< JOINT IS HINGE OR SWIVEL -
CALL CETM AND MATMPY TO FOR SLIDING JOINT SET

GET JOINT N TO N—1
TRANS. MATRIX RJI RJL = DATA IN ARRRRARY OR

CRLL. MRTMPY TO GET JOINT N TO
WORL.D TRANSFORMRTION MARTRIX

UPDATE HIJ FOR SLIDING JOINTS

(NULL)

UPDRTE POSITION VARIABLE POS

DO UNTIL N = NUMBER OF JOINTS + 1

CALL MATMPY TO GET HCG FOR END EFFECTOR
CALL MATMPY TO FIND LOCATION OF END EFF. REF. PT. IN WORLD COOR.

T ARM IS HOLDING A LORD OBJECT =
UPDATE LOCATION OF HELD LORD OBJECT (NULL)
CALL MATMPY TO UPDATE ORIENTRTION OF HELD LOAC

CALL JARCOB TO CALCULRARTE THE JACOBIAN
RETURN
END
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1.2.13 HARD_COP

Subroutine HARD_COP is executed when a hardcopy record of the current
Evans and Sutherland display may be desired. This routine queries the
user to determine if a hardcopy is desired and runs the appropriate rou-
tines to create a picture file for later translation into a hardcopy
plot.

(VCLR for HARD COP is not available.)
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1.2.14 SYSGRAF

Subroutine SYSGRAF provides the system definition graphics capability
in the system definition function. SYSGRAF displays the environment,
target, load and robotic arm choices for building a robotic system
scenario. It takes as input through the calling sequence, the number
of arms in the system, a flag indicating the existence of an environ-
ment file for the system, a target file, and a load objects file inclu-
sion indicator. It uses the system span input by the user to scale the
graphics picture. IFLAG controls the logical flow in the subroutine.
If IFLAG=1, the graphics system is initialized and displayed in the
initial condition; if IFLAG =2, the robotic system, targets, loads and
environment are displayed; if IFLAG=3, the graphics display is termi-
nated. In the update mode, the environment is constant and therefore
not updated. As before, the Evans and Sutherland graphics routines are
used to provide all graphic capabilities.
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1.2.15 RDLODS

RDLODS reads in load data if the user requests that loads be included
in the robotic system under construction. The file read is the unfor-
matted load file created by the system definition function. Subroutine
RDLODS prompts the user for the name of the file containing load data,
and then reads those data into COMMON blocks LGRAFBK and LOADBK during
system creation. The load file is scaled from load units to internal
system units, closed, and saved.

SUBROUTINE RDLODS

PROMPT FOR NRME OF FILE CONTRINING LOADS
o/RTAHR

T LOADS DRTAR FILE EXISTS

OPEN LORDS DARTAR FILE

STORE SYSTEM I.0 UNITS IN DUMMY
VARIABLES
READ LOARD OBJECTS INPUT /OUTPUT UNITS
OATA
READ LOAD MASS PROPERTIES DRTA
LORAD OBJECTS I.0 UNITS NOT

T METRIC F
C?:I;J‘VERT LOAD VFRIHBLOﬁS TO (NUL L)

RERD LOAD OBJECTS GRAPHICS DRTA

CLOSE AND SAVE FILE

RESTORE SYSTEM I/Q UNITS

(NULL)

RETURN

END
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1.2.16 LOCMOD

Subroutine LOCMOD is called from BLDSYS to allow the user to modify the
locations and orientations of load objects when building a system. The
current location is displayed and then the user is prompted for a new
location. The subroutine also displays the transformation matrix for
the current orientation of the load object and prompts the user for a
sequence of rotation axes and angles that define a change in orienta-
tion. ROTMAT is called to calculate the transformation matrix from the

user input, and MATMPY combines this new transformation matrix with the
old one.

SUBROUTINE LOCMOD

DISPLAY CURRENT LOCARTION OF LOAD
OBJECT ’
PROMPT USER FOR AND REARD IN NEW
LORD CBJECT LOCRTION
DISPLAY TRANSFORMARTION MATRIX FOR
CURRENT ORIENTATION OF LORDO OBJECT

T MODIFY ORIENTATION =
USER INPUT OF R ROTRTION
AXIS

USER INPUT OF ROTRHRTION
ANGL.E

DO UNTIL USER STOP FLRG OR 3
ROTRTIONS

CRLL ROTMAT TO CRLCULRARTE NEW
TRANSFORMATION MARTRIX

cCARLL MATMPY TO COMBINE OLD AND
NEW TRANSFORMATION MATRICES

RETURN

(NULL)

END
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1.2.17 WRTSYS

Subroutine WRTSYS is called from BLDSYS to write an unformatted file
containing the data needed to describe a system. These date include
user units, moving base flags, arm geometry, mass and actuator proper-
ties, special joint data, arm graphics, environment, load object and
target properties, tool data, and load object and target graphics
information.
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1.2.18 RDENV

The subroutine RDENV reads an unformatted environment data file during
the system definition function. The content of the file is the perti-
nent COMMON block defining an environment for the robotic system. The
user is prompted for the file name from which the file is to be read.

SUBROUTINE RDENV

PROMPT USER FOR FILENAME OF
ENVIRONMENT FILE TO RERD

OPEN ENVIRONMENT DARTR FILE

READ UNITS COMMON BLOCK

RERD ENVIRONMENT GRAPHICS DRTAR
COMMON BLOCK

CLLOSE ENVIRONMENT DRTR FILE

RETURN

END




ORIGINAL PAOT i3
1.2.19 DRWENV OF PCOR QUALITY

DRWENV is called within the system definition function from BLDENV to
provide graphics display during the generation of detailed environment
graphics representations. It is called to display each successive en-

vironment component as it is defined.

SUBROUTINE DRWENYV

SET PROCESSOR MODE = 1.

FOR SYSTEM DEFINITION

T

INITIRLIZING

PROMPT USER POR ENVIRONMENT SPAN

|

(NULL)

SET SCRLE FRCTOR.

IFRCT = 1000. 7ENVIR.

SPAN

T INITIALIZING DISPLAY

BEND INTERGER AND ROTATION VALLES

SET PICTURE PARDCCESSOR TRANS. TO IDENTITY

SET WINDOW BOUNDARIES

CALL ODALS TO STATUS ANILLOG CONTROL OIMmLS

LN ¥ ] L - SET CURRENT INTESER TRANSLATION ANG ROT. VRLLES

T DRAWING OR REPLACING COMPONENT

SET WINDOW BOUNDRRIES

SET CURRENT INTEGER TRANSLATION AND ROT. VRLUES

SET NUMBER OF COMPONENTS IN ENVIR. PRRAMETER

DO FOR ALL COMPONENTS BEFORE CURRENT COMP.

SET GRAPHICS FLAGS FOR SECUENTIAL AND ALTERNATING PTS.
cALL D3DARTA TO DISPLAY COMPONENT

SET COUNTER FOR LAST ENV. OBJECT ARRAY LOCATION USED

SET GRAPHICS FLAGS FOR SEQUENTIAL AND RLTERNATING PTS.

CRLL D3DARATAR TO DISPLAY COMPONENT

SET COUNTER FOR LAST ENV. OBJECT ARRAY LOCATION USED

CLOSE ANDO REPLRARCE SEGMENT

(NULL)

RETURN

END
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1.2.20 WRTIENV

Subroutine WRTENV writes an unformatted environment data file during

the system definition function. The content of the file is the per-
tinent COMMON block defining an environment.

SUBROUTINE WRTENV

PROMPT USER FOR FILENARME OF
ENVIRONMENT FILE TO WRITE

OPEN ENVIRONMENT DRTAR FILE

WRITE UNITS COMMON BLOCK

WRITE ENVIRONMENT GRAPHICS DRTAH
COMMON BLOCK

CLOSE ENVIRONMENT DRTR FILE

RETURN

ENDO
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1.2.21 RDLOAD

The subroutine RDLOAD reads an unformatted load objects data file during
the system definition function. The contents of the file are the per-
tinent COMMON blocks defining a load file for the robotic system. The
user is prompted for the file name from which the file is to be read.

SUBROUTINE RDLORD

PROMPT USER FOR FILENAME OF L.ORD
OBJECTS FILLE TO RERD

OPEN LOAD OBJECTS DRTAHR FILE

REARD UNITsS COMMON BLOCK

RERAD LORD OBJECTS MRASS PROPERTIES
COMMON BLOCK

RERAD LOARD OBJECTS GRAPHICS DRTAR
COMMON BL.OCK

CLOSE LORD OBJUECTS DRTR FILE

RETURN

END
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1.2.22 LOAD

Subroutine LOAD is called during the BLDLOD option of INITDRVR. It
allows the user to create and define the mass properties of one or more
load objects. If a file of load object data already exists, this sub-
routine may be used to modify portions of those data. The load para-
meters for which the user is prompted are listed:

1)

2)

3)
4)
5)
6)
7)

8)

Load object name (up to 8 characters);

Location and orientation with respect to the world coordinate sys-—
tem;

Length and radius;

Center of mass;

Mass;

Inertia distribution;

Grasp point and approach vector in load local coordinates;

Mass and location of any point masses included.
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| 1.2.23 TLDMAS

Subroutine TLDMAS is called from BLDLOD to add the effects of point
masses included in a load object. Variables for total mass, centroid
location, and rotary inertia are initialized with the values for the
simple load object. If point masses are included, ADDMAS is called to
calculate new values for these variables that include the point mass
effects. .

SUBROUTINE TLDMAS

INITIALIZE TOTAL LORD MASS. CG.
AND INERTIA WITH SIMPLE LORD DRTR

! EUMBER OF POINT MASSES FOR
URRENT . .
| - LORD OBJUECT .GT. O A// =

| CALL RDDMARS TO
j INCORPORATE POINT
L MRSS DRTA

{ DO UNTIL IP = NUMBER
OF POINT MASSES FOR
CURRENT LORD OBJUECT

(NULL)

RETURN

ENDC

B-49



ORIGINAL PAGE IS
1.2.24 DRWLOD OF POOR QUALITY

DRWL(?D is cal]..ed w1:.thin the system definition function from BLDLOD to
provide graphics display during the generation of a detailed load ob-

jects file. It is called to display each successive load object compo-
nent as it is defined.

SUBROUTINE DRWLOD

SET PROCESSOR MODE = 1. FOR SYSTEM DEFINITION

T INITIRLIZING -
PROMET USER FOR LORD OBJECTS SPAN | (NUL.LD)
SET SCRLE FRCTOR. TITFRCT = 1000. /LQaRD SPRN
T ITNITTIALIZING DISPLAY et
=ERD INTEGER ST PICTURE PROCESSOR TRANS. TO TIDENTIT
TRANSLATION AND AL DIFLS TO STATUS ANALOG CONTROL OIALS
ROTATION VRALUES SET CURRENT INTEGER TRANSLATION AND ROT. VALUES
T DRAWING OR REPLACING COMPONENT -

SET TRANSFORMATION BASED ON LOC. AND ORIENTATION OF LOAD
SET WINDOW BOUNDARIES

SET CURRENT INTEGER TRANSLATION AND ROT. VALUES

DRAN COLOR CODROINATED AXES SYSTEM (RED-X. WHIT-Y. BLU-8

SET NUMBER OF COMPONENTS IN LORD PRRAMETER

DO FOR ALL COMPONENTS BEFORE CURRENT COMP.

SET GRAPHICS FLAGS FOR SEQUENTIAL AND ALTERNATING PTS.
CRLL D3pARTA TO DISPLAY COMPONENT

SET COUNTER FOR LAST LORD OBJECT RARRAY LOCATION USED

SET GRAPHICS FLAGS FOR SEQUENTIAL AND ALTERNATING PTS.

CALL D3DARTAR TOo DISPLAY COMPONENT
SET COUNTER FOR LAST LORD OBJECT ARRAY LOCRTION USED

CLOSE AND REPLACE SEGMENT

(NULL)

RETURN

END
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1.2.25 WRTLOD

Subroutine WRTLOD writes the unformatted load objects data file during
the system definition function. The contents of the file are the per-
tinent COMMON blocks defining the mass properties and graphics of the

loads for a system.

SUBRCUTINE WRTLOD

PROMPT USER FOR FILENRME OF LORD
OBJUECTS FILE TO WRITE

OPEN LORD OBJECTS DRTAR FILE

WRITE UNITS COMMON BLOCK

WRITE LORD OBJECTS MASS PROPERTIES
COMMON BLOCK

WRITE LORAD OBJUECTS GRAPHICS DRTRAR
COMMON BLOCK

CLOSE LORDO OBJECTS DRTAR FILE

RETURN

END
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1.2.26 RDTRGS

RDTRGS reads in target data if the user requests that targets be in-
cluded in the robotic system under construction. The file read is the
unformatted target file created by the system definition function.
Subroutine RDTRGS prompts the user for the name of the file containing
target data, and then reads those data into common blocks TGRAFBK and
TARGBK during system creation. The target file is scaled from target
units to internal system units, closed, and saved.
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1.2.27 LOCTMOD

Subroutine LOCTMOD is called from BLDSYS to allow the user to modify
the locations and orientations of target objects when building a sys-
tem. The current location is displayed, and then the user is prompted
for a new location. The subroutine also displays the transformation
matrix for the current orientation of the target object and prompts the
user for a sequence of rotation axes and angles that define a change in
orientation. ROTMAT is called to calculate the transformation matrix
from the user input, and MATMPY combines this new transformation matrix
with the old one.
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1.2.28 RDTARG

The subroutine RDTARG reads an unformatted target object data file
during the system definition function. The contents of the file are
the pertinent common blocks defining a target file for the robotic sys-

tem. The user is prompted for the file name from which the file is to
be read.
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1.2.29 TARGET

Subroutine TARGET is called during the BLDTRG option of INITDRVR. It
allows the user to create and define the properties of one or more tar-
get objects. If a file of target object data already exists, this sub-
routine may be used to modify portions of these data. The target para-
meters for which the user is prompted are the location and orientation
with respect to the world coordinates.
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1.2.30 DRWIRG

DRWTRG is called within the system definition function from BLDIRG to
provide graphics display during the generation of a detailed target ob-
ject file. It is called to display each successive target object com-
ponent as it is defined.
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1.2.31 WRTIRG

Subroutine WRTTRG writes the unformatted target object data file during
the system definition function. The contents of the file are the per-

tinent common blocks defining the mass propert1es and graphics of the
targets for the system.
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1.3.1 GRINIT

For building an environment, simple arm, detailed arm, targets or loads
with graphics, routine GRINIT initializes the E&S display, extended
switches/lights, and analog control dials, and draws the graphics dis-
play border. Working from the input flag IFLAG, the type heading of
the general display is chosen, either simple cylinder, detailed geome-
try, environment, target or load. The graphics segments are opened and

the title for the system definition function driver currently under
execution is output.
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1.3.2

SPAN

The manipulator arm span is requested as input from the user during ini-
tial creation of simple cylinder arm data; modification of the ARMSPN
value is also allowed through a call to SPAN during the CREATARM modifi-

cation mode.

SUBROUTINE SPAN

ERROR CODE = O

SYSTEM MODIFICARATION FLAG IS
T . SET

PROMPT FOR SPAN
vALUE MODIFICARTION INUL L)
FLRG

INPUT MODIFY FLARG .NE. 1

PROMPT FOR NEW SPAN.

OR REARACH. OF ARM
(NUL L)

RERD SPAN INTO ARMSPN
PARAMETER

RETURN

END
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1.3.3 BASE OF POOR QUALITY

Subroutine BASE is called within the system definition function during
definition or modification of the simple cylinder arm or detailed arm
geometry file. The purpose of subroutine BASE is to provide the input
of the robotic base position, orientation, and physical dimensions

(radius of base, endpoints and number of sides), and to load these
values into COMMON blocks.

SUBROUTINE BRSE
SET MODE FLAG = 1
SET ERROR _COCE FLAG = O
ZERO ROTRTION SEGQUENCE MATRIX., IROT
T INPUT MODZIFY FLAG = 1
PROMPT FOR BRSE MODIFICATION DESIRED
READ MODIFICARTION CATEGORY DESIRED
DO CRASE ON_MODIFY CRTEGORY

DoCcAsSE

ROTATION SROUENCE AND ROTATION ANGLES
I = O

! OO WHILE I .LT. 3

I = I +~ 1

PROMPT FOR TH ROTRTION
SECQUSNCE xzza'm

L]
—d

3
v

;
e
|

RADIUS {1

PROMPT
FOR

HORLD COORDS
RLONG X-AXIS

RERAD

READ ROTATION SEQLENCE AXIS
OF ROTATION INTO IROT (X
PROMPT FOR I TH

ROTRATION ANGLE

READ RAOTATION ANGLE INTOC
AJTANG FOR I TH SECUENCE
NUMBEZR

PROMPT FOR USER
INPUT TERMINATION
0O UNTIL USER TERMINRTES
ROTATION SEQUENCE INPUT
SET JNTSEG (13 MATRIX SLEMENT BASED i

UPCON IROT MATRIX ELEMENTS .

CALL ROTMRT Ta CONPUTE ROTRTION :
MATRIX.

watRx |OF BASE

BASE.IN BASE COORDS..
(NULL)

PROMPT FOR X, Y. 2
LOCATION OF BASE IN

[oRoMT FOR ENDROINTS OF éi

| RADIUS
INTO
ALKRAD

Z1EAD X, Y, 2 LOCATION OF

H
r

BASE

PROMPT FOR

PROMPT USER FOR EACH BASE PARAMETER VALUE

BRSE INTO RJTLOC
PARAMETER

READ
NUMBER OF | NUMBER OF

SIDES INTO] SIDES FOR

REHD ENDPOINTS
INTO ENDPTS ARRAY

NSDLNK

|
|
|
i
BASE MO0

0
a
cr—

MOOXFICATION MODE DESIRED Is TOo TERMINH
RETURN
ENDG

4
L
H
1
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OF POOR QUALITY
1.3.4 OBJECT

Subroutine OBJECT creates simple cylinder graphics data used by the gra-
phics package to draw the robotic arm during the system definition func-

tion. The data created in OBJECT are stored in COMMON block IARMOBJ,

and represent a right circular cylinder of the specified size for each
system component (the base, each link and the tool). It is called for
generation of each of these components in turn.

SUBROUTINE OBJECT

SET ERROR CODE FLAG = O

SCRLING FRCTOR. IFACT. = 1000. /ARM SPRAN VALUE

B~55

DOCASE
INPUT JAOINT/LINK COUNTER. IN. = 1 WOUT IO L rared T T
SET COUNTER FOR LAST LOCATION USED IN CBJECT ARRAY. ' 3§
TENTRRM. = O =
SET NUMBER OF COMPONENTS IN CURNENT LINK AFRARY ELEMENT = 1 N, EE:E
AT QEJEST MRMEY DATAR START LOCATION SLEMENT, NSTRARM o 3 T\.—.gg F
CRLCULATE NUMBER QF LINES TO DRAW SWT NUMBER OF S
e L TR INUMBER L COMPONENTS _IN gs
mmmw?mmm ENT LT = E"’
LORD ARl OBJKCT ARRAY, TARMMOBM (1), HITH NUMDER LINES TO ! o P E
Oy T OBPJECT
CLEMENT,
INCREMENT ICNTARM BY 3 v - (S —
—
COMPUTE OELTA AVBLE POR EACH SIOK OF THE SDOLE CYLINOER LORD TRRMOBU S
SCRLE LINK RADIUS BY IFRACT m.r,
DO FOR ERCH CYLINDER END CIRCLE W—_
SET X = ENDPTS SCALED BY IFRCT Mms.c T;’m‘-‘:‘
DO FOR EmMCH VERTEX OF END CIRCLE OF CYLINOER n‘f_"%ﬂﬂ";@
COMPUTE Y VRALUE OF POINT A8 RACIUSHCOS (RNGLE POQINTS
SUBTENDED
COMPUTE 2 VALLE OF POINT RS RACDUBOIN (ANGLE INCREMENT
SIS TENORD] TCNTARM RND
— . MITH X% Y. & vALLES LOC. OF NEXT
LORG IRAMOB. ELEMENTS POR BRSE SIDES COWECTING ARRAY COMPONENT i
RETURN K
END ._j
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OF POOR QUALITY
1.3.5 GRAPH

If the graphics are initiated during the simple single arm creation or
modification, subroutine GRAPH provides the graphics capability for the
simple cylinder representation of the robotic manipulator. GRAPH dis-
plays each base, joint/link combination and tool as they are defined.
Graphics during the modification mode is handled with calling arguments
input to GRAPH; appropriate deletions, additions and changes to the

links are visually depicted. GRAPH provides only the simplified robotic
arm definition display.

SUBRCUTINE GRARPH
SET PROCESSCR WOOE = 1. FOR_SYySTEM DEFINITION
SET SCALE FACTOR. IFACT = 1000. /ARM SPaN
SET PICTURE PROCESSCR TRANS. TO IDENTITY
CALL DIALS TO STATUS ANGLOG CONTROL DIAS
SET INTEGER TRANSLATION ANO ROTATION VALUES
SISPLAY WINCOW SPAN = SCALED ARM_SPAN
SET WINDOW BOUNCARIES

. CEV TG CEESRY S
-rmn-;_r.-w——vmu-

SCALE JT. LOCATION B8Y IFACT AND LOAC INTO INTEGER RARRAY
CALL TTRAN FOR PICTURE PROCESSOR TRANSFORMATION MATRIX
EXTRACT OFFSET JT. ANG. MFROM JOTNT VARIABLE ARRAY
CALL TROTX OR =Y WITH JT. ANG. TO ROTARATE TRANSFORMATION
EXTRACT ROTATION RAXES USED IN ORIENTING, MFROM JOINT SEQUENCE RRRAY
EXTRACT X. Yo 2 ROT. ANGLES USED IN ORIENTING. FROM JT. ANGLE ARRAY
CALL TROTX. =Y CR —2 WITH INTEGER ANG. TO ROTATE TRANSFORMATION
SET NUMBER OF COMPONENTS TN LINK PRRAMETER
OO FOR ERCH COMPONENT IN LINK
SET START LOCATICN IN RARM OBJECT /ARRAY FOR CURRENT COMPONENT
LORD ARM 0BJ. ARRAY FOR GRAPHICS FLAGS
LCRE ARM OBJ. ARRAY FOR SEQUENTIAL POINTS
LOAD RARM OBJ. RRRAY FOR ALTERNATING POINTS
CARLL D30ATA TO DISPLAY LINK
SET COUNTER FOR LAST ARM OBJECT ARRAY LOCRTICON USED
DO UNTIL ALL EXISTING LINKS -AvE BEEN DRAWN

-1 1J

T

-rn‘-’m’a_.m
O FOR B¢ COMPOMIENT D4 TOOL.

B-56




1.3.6 DIALS

DIALS is called to scale the Evans and Sutherland analog control dials

values read during camera perspective changes via the extended E&S

dials. The values are scaled to integers between -32767 and +32767.

SUBROQUTINE DIALS

TRANSFER GRAPHICS ANRLOG CONTROL
DIALS DEVICE RECORD FROM QUEUE

DO FOR ERCH CONTROL DIRL VALUE RERD

«. GT. 32767.

65534 + VALUE

™ VALUE P
_E6Ss34 + VALUE (NULL

T‘\ VALUE .LT. —-32767. _
SET VALUE TO NULL)

RETURN

END
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1.3.7 JOINT

For JOINT, the user inputs joint type, joint location as Cartesian coor-
dinates in terms of the coordinate system of the previous joint (or
base, if the current joint is joint 1), joint orientation as a rotation
sequence of axes and corresponding angles with respect to the previous
joint coordinate system (or base, if joint 1), and initial joint state
(initial angle for hinge or swivel, or initial length for sliding
joints). The x-axis of a joint coordinate system is directed along the
centerline of the link between joint i and joint i+l (or end-effector

if the current joint is the final joint in the system). JOINT is called
by CREATARM during initial creation or modification of arm data.

SUBROUTINE JOINT
ST MODE FLAG = 1
SET ERROR CODE FLAG = O
EER0 ROTATION SEGUENCE MATRIX. IRCT
5 TRAUT MCOIFY FLAG = 1 =

SROMPT POR_JOINT MODIFICATION CESIRED
AREAC MODIFICATION CRTEGORY DESIRED
50 CASE ON MOOIFY CATEGORY
DOCARSE
ROTRATION SEGQUENCE AND SETIN. SR | JODNT TRAVEL OR ANTE
a0 s ROTATION ANGLES SRR e !
PROMPT FOR s
| % g IR = O cs';% TRAVEL =1
I
\ ¥ - DO WHILE IR SEE S| MIN /MEX. I
= LIMITS e~
| < B .LT. 3 = =
: 2 = RERD TRAVEL
; =S §= IR = IR =+ 1 %E%E LIMIT VALLES !%}
‘ { E"g -'”=§ PROMPT FOR TR TH == JOINT T o
‘ L B »2 ] ROTATION SEGUENCE — —t | =
i | &2 & AXIS OF AOTATION o = CONVERT LIMIT i =
| s | B — TR TR T s | mESRIW 1 iB
= = i -~ % DEGREES TO i 12
‘ \ g g PROMPT FOR IR TH ‘Eqég prozeS —':"l' ’IE
| I s = ROTATION ANGLE ‘ = é 25 prROMPT FCR = =
! ="l R FERD ROTATION ANGLE 25 = | RATE MAX. = -]
! !: ; Ei ﬂTﬂ ARJTANG FOR IR l - E J LIMIT ‘2
! | >\ = PROMPT FOR USER o« I READ RATE : | =¥
L= = 3§ DNPUT TERMINATION ng S = | MAX. LIMIT | -3
L i3 = Eg 152 & 8 INTC RATLMT | P
i =2 S| §B (oo uNTIL USeR TERMINATES o= = lFor JOINT T x b
: L2 S |ROTATION SECUENCE INPUT Sozei = RRTE‘ | o
' o | i ;
‘| E = _:;5 r—— T G‘;%Eg:m:m LIMIT i o
= Eg=SEH - - RATE ‘ '
CALL ROTMAT 1O COMPUTE | v
! == S ROTATION MATRIX. OR (<= = , MAX. LIMIT B
oo URTIL MODINICATION MODE CESTRED I8 TO TERMINATE JOINT MODIFY -
LN
— ] .
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1.3.9 LINK

In the create mode of LINK, the user is prompted for link endpoints in
coordinates along the x-axis, link radius, the location of center of

mass as the Cartesian coordinates of the center of gravity in the coor-

joint at the "base" end of the link, link mass and

dinate system of the

ides for the

inertia matrix relative to the centroid and the number of s

desired simple cylinder.

ST K = T - 1
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1.3.10 DEFSPJT

This routine interactively establishes the number, type and locatiom of
"special joints." These are joints for which a constraint is placed om
the relative joint displacements.

SUBROUTINE DEFSPJT

PROMPT FOR NSPJT — THE NUMBER
OF SPECTAL JOINTS IN THE ARM

OO FOR ERCH SPECIARL JOINT

PROMPT FOR TYPE OF SPECIAL
JOINT RND SET ISPTYP

PROMPT FOR WHICH JOINT OF
ARM THE SPECIAL JOINT IS AND
SET NJTSP

B-61




1.3.11 TOOLJT

Subroutine TOOLJT is called by CREATARM to interactively define or modi-
fy the geometry properties of the manipulator end-effector. The data for
which the user is prompted include:

1) Location of tool with respect to final link;
2) Orientation of tool with respect to final link.

The orientation data are input as a sequence of rotations about coordi-~
nate axes and ROTMAT is called to compute the corresponding rotation
matrix.

SUBROUTINE TOOLJT

INITIALIZE ROTRTION SEQUENCE (IROCT)
TO ZERO INDICRTING NO ROTATIONS

T MODIFYING PREVIOUS DRTHA

SUCCESSIVELY PROMPT FOR X. Y. ANO
Z LOCRATION OF TOOL WITH RESPECT TO
PRECEDING LINK

IR = O
IR = IR+1
ENTER IROT (IR] -— COORDINARTE RAXIS

FOR ROTARTION

ENTER RJTANG (IR} — ANGLE OF
ROTRTION
ABOUT THIS AXIS

ROMPT FOR MODIFICATION CATEGORY
AND PERFORM INPUTS/ACTIONS FOR
THAT CATEGORY ONLY

PROMPT FOR USER TERMINARTION

[ on ¥

bl DO UNTIL USER TERMINATES OR IR = 3
— e
= < SET JUNTSEG = IROT (1) IROT (2) IRQOT (3]
p— Pt
e CALL ROTMAT TO COMPUTE ROTRTION MATRIX
— s = CORRESPONDOING TO THIS ROTATION SEQUENCE
0o =2 .
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ORIGINAL PACE I3

LK

Subroutine TOOLLK is called by CREATARM to interactively define or modi-
fy the mass and graphics properties of the manipulator end-effector.
The data for which the user is prompted include:

1
2)
3)
4)
5)
6)

7)

Endpoints for cylinder representation;
Radius of cylinder;

Number of sides of cylinder;

Center of mass of end-effector;

Mass;

Inertia distribution;

Location and mass of point masses.

When modifying éxisting data, the user has the option of which cate-
gories to modify.

SUBROUTINE TOOLLK

S~ MOOIFYING OLD ENO EFFECTOR MASS PROPERTIES -

PRCOMPT FOR MODIFICATION CRTEGORY

PROMPT USER FOR THE TOOL END
POINT COORODINARTES OF TOOL

cecARsE P GRemiTcS REPRESENTETION |

/[ |PROMPT USER FOR NUMBER OF SIDES :
/ orF TOOL

=1 - < = O < = — - "OR GRAPHICTS] i
-l-a- ; T g !a —— g:; T% " E " :?__, Lﬁ PROGRRARM FINCS
Ei'ég - Eé“— Ei E§ EE% T CENTER OF MASS F:
—e 8 O g ——1—S—= T T T A
- = ] = ‘ = GECMETRIC CENTER CCORDINATES
[ —1 =1 o —_ =
h ~— = !
= | E & s || = 0N ;% FROMPT USER FOR
] = = / = i \
. g ; \ g "/ L .\\ 5 / T\ g /f—‘ - MARSS COF Tocl
EE . =y 8 = b @ f - A . I\ PROGRAM COMPUTES :
= 5 =8 ¢ m by g /! 22z i\ INERTIAR MATRIX S
== I = S v g o 1 § ! Sg !r — T T z
S E|l=mz/nE=mg /7 IZ8 e
< .. i = / s — ™ | INERTTIA MATRIX
= E |8 \8 o \\ g 1 R e QTRD-,(-NCL_‘UDE ‘
=t ¢ - e ]
= | w = = = - = - ‘
£.8 w = ZE s 5 = RPOINT MASSES =
= i = === .
2.8 = § lz = | B lg,‘ EI § i PROMPT FOR :
g &z Egpidis |BE 88 |2 . MASS OF POINT
§i 8 iasigg D E -] '! : MASS —
= | 5 | 8 &g,g 5 E= — | BROMPT FCR -
Bz = s fu-g —_— = =2 & : LOCATION oOF o=
=85 | 8! l a & 'Hw /2 ! POINT MASS :
— | B |8 =i s 5= i : = | =
£ g.8 .8 5 283§ Sg! | . _UNTIL !
= N . . . i ='
z £ 55 8 S =28 g8 | UsEr sTCP
RETURN
ENG
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1.3.13 TOTMAS

Routine TOTMAS combines individual components of each link's contribu-
téons (e.g., link mass, point masses) to obtain a total mass distribu-~
tion for the joint/link combinatioms and tool during robot arm creationm.
Variables for the total mass, centroid location, and inertia distribu-
tion are initialized with the values from the simple link. If point
masses are included, ADDMAS is called to add the effects of these addi~
tional terms.

SUBROUTINE TOTMRS

INITIALIZE TOTAL MASS. C.G.. AND
ITNERTIR VARIABLES WITH LINK DATAH

NUMBER OF POINT MASSES
T‘\\ FOR CURRENT LINK .GT. O =

CALL RDOMRARS TO
INCORPORRTE POINT
MASS DARTA

(NULL)

DO UNTIL IP = NUMBER
OF POINT MASSES FOR
CURRENT LINK

00 UNTIL N = NUMBER OF LINKS IN ARM

RETURN

END
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1.3.14 ADDMAS

Subroutine ADDMAS combines the mass properties of two objects to obtain
composite values for the mass, centroid location, and inertia distribu-
tion. ADDMAS calls ADDMAS2 to perform the computations. ADDMAS then
loads the results into the first object's mass property variables.

SUBROUTINE RDDMAS

CALL ADDMAS2 FOR COMPOSITE INERTIA
AND PUT IN TEMP VARIABLES

PUT MASS RESULTS INTO MARSS OF BOOY
1

PUT C.G. RESULTS INTO C.G. OF BODY
1

PUT INERTIAR MATRIX INTO INERTIA
MATRIX OF BOOY 1

RETURN

END
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1.3.15 ADDMAS2

ADDMAS2 calculates the composite mass properties of two rigid bodies
joined together. The mass, centroid location, and inertia matrix for
the composite body are returned as results.

SUBROUTINE ARADDODMRARS2

TOTRAL MASS = MASS OF BODY 1 + MRASS
oF BODY 2

COMPOSITE CENTROID = (MASS 1 = CG
1 - MASS 2 +»+ CG 2 ~/ TOTAL MASS

R1 = CG 1 — COMPOSITE CENTROID

R2 = CG 2 — COMPAOSITE CENTROID

CALL RCICR FOR R1 SQUARRED MATRIX (R1SQ)
USED TO FIND COMPOSITE INERTIR

CRLL RCICR FOR R2 SQUARRED MATRIX (R2S.&)
USED TO FIND COMPOSITE INERTIA

COMPOSITE INERTIA = AIN1 + AINZ2 -+
(MASS 1 ¢ R1SAQ + MASS 2 » R2SQ)

RETURN

END

B-66




TR T T T T e = o ——

1.3.16 RCICR

Subroutine RCICR is called by ADDMAS2 to set up the inertia matrix

sponding to a point mass displaced from the body centroid. This

corre
inertia matrix forms one component of the inertia distribution for the
composite body.
SUBROUTINE RCICR
TR = 0. O
INCREMENT I
INCREMENT J
R SQUARRED MRTRIX ELEMENT,. (RSQ (I, JI
= —R () % R WD
OC UNTIL Jd = 3
TR = TR - RSQ (I. I3
OO UNTIL I = 3
INCREMENT I
DIAGONRAL ELEMENT., RSQ(I. I) = RSQ (I. I
+- TR
DO UNTIL I = 3
RETURN
END
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1.3.17 GRTERM

GRTERM is called to terminate the Evans and Sutherland device processor
display unit. It calls MPSTOP to terminate the multi-picture processor
display unit graphics.

SUBROUTINE GRTERM

CALL MPSTOP TO TERMINRTE GRAPHICS
SYSTEM

RETURN

END
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1.3.18 BASPUT

Subroutine BASPUT is called from subroutine SETUP2 during position
calculations for the manipulator. This subroutine takes the position
and orientation of the base of each arm (with respect to the world
coordinate system) and loads these data into the arrays POS and ROT.

SUBROUTINE BRSPUT

PUT ARM BRSE LOCRTION IN RRRARY
' POS

PUT ARM BASE ORIENTARTION IN
ARRAY ROT

OO UNTIL J = 3

OO UNTIL I = 3

DO UNTIL KARM = NUMBER OF RRMS

RETURN

END
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1.3.19 JACOB

Subroutine JACOB sets up the Jacobian matrix that will later be used to
solve for individual joint velocities for each arm given the end effec-
tor velocity. This subroutine uses end-effector positiom and joint to
world transformation matrices to determine the entries of the Jacobian

as described in a previous section. The result is a 6xN matrix for each
arme.

SUBROUTINE JRACOB
CALL MATMPY TO PUT REF POINT VECTOR IN WORLD COORDINATES
ADO VECTOR FROM WORLD ORIGIN TO END EFFECTOR ORIGIN

FIND JOINT RXIS OF ROTATION

T JOINT IS HINGE OR SWIVEL =

FING DIRECTION COSINES QF JOINT RJARCDOB (1., JT2 -
AXIS W.R. T. WORLD COOR. R (3 ROT (1. 1. JT. KARM)

CALL CRPO TO FIND RW = A X (VECTOR
FROM END EFF, REF, PT. TO JOINTI RrRJACOB (2. JdT -

ROT (2, 1. JT. KRRM
RJRCOB (1, JT) = RW (1) ’

RJRCOB (3., JT3 =

RUACOB (2, JT) = RW (2) ROT (3. 1. JT. KRRM)
RJUACOB (3. JT) = RW (R RJRCOB é"r—od'rl
RUACOB (4. JT) = A (1) P ————
RUACOS (5. JT) = A (2) = 0.0

RUACDOS (8. JT)
RUACOB (8. JT) = A (3) ~ 0.0
Do UNTIL OF = NUMBER OF JOINTS IN ARM
RETURN
END
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1.3.20 DATOUT

DATOUT is responsible for the data output in the columns set up by sub-
routine FORM of the E&S robotic simulation display. It includes the
current simulation time, joint travel angles, percent of the maximum
traveled for each joint and task commands. DATOUT has provisions for
only two arms.
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1.3.21

Rev A, October 1985

FORM

The FORM routine sets up the borders and the text output locations for
the manipulator display on the E&S graphics unit. It sets up the Evans
and Sutherland graphics display borders and outputs the robotic simula-
tion title, current simulation time text title, joint travel status
data column and task command headings. FORM has provisions for only
two arms.
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1.3.22 CYL

Subroutine CYL is called within the system definition function during
detailed graphic representation generation for the robotic system con-
stituents (environment, arms, targets, loads). If the requested com-
ponent is a cylinder or cone, it is called to compute data points for
the graphic routines. The controlling argument in the call, ISHAPE,
determines which geometric shape has been chosen in calling routine
BLDENV, BLDDAT, BLDTRG or BLDENV. The detailed graphic component di-
mensions are written to a print/save file for archiving the program
interaction.
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s

L ‘t
1.3.23 RECT s g

Subroutine RECT is called within the system definition function during
generation of detailed graphic representations for environment, arm,
target, or load objects file. It is called if the requested component
is a rectangular solid (ISHAPE = 3), a symmetric trapezoidal solid
(ISHAPE = 4), or a nonsymmetric trapezoidal solid (ISHAPE = 5) to com-
pute data points for the graphic routines. The detailed graphic com-
ponent dimensions are written to a print/save file for archiving the
program interaction.
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1.3.24 TRISTR

Subroutine TRISTR is called within the system definition function
during detailed graphics representation generation for the environment,
manipulator, target, or load objects. If the requested component is a
triangular cross-section beam (ISHAPE = 6), it is called to compute
data points for the graphics routine. The detailed graphic component
dimensions are written to a print/save file for archiving the program
interaction.
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ATATAB

Subroutine DATATAB is called within the system definition function
during detailed graphics representation generation for the environment,
the robotic arm, target, or load. If the requested component is a data
tablet structure, it is called to compute data points for the graphic
routines when the input ISHAPE flag = 8. The detailed graphic com-
ponent dimensions are written to a print/save file for archiving the
program interaction.
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1.3.26 FILLET

Subroutine FILLET is called within the system definition function
during detailed graphics representation generation for the environment,
the robotic arm, target, or load. If the requested component is a fil-
let part, it is called to compute the data points for the graphic rou-
tines. For a concave fillet, the input ISHAPE flag is 9. The detailed
graphic component dimensions are written to a print/save file for ar-
chiving the program interaction.
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OBSTCL

Subroutine OBSTCL is called within the system definition function
during graphics representation generation with option ISHAPE equal 10
for the environment, detailed robotic arm, target, or load. It is
called if a requested component is an obstacle entity (a choice option
from BLDENV) or nonplanar structure (for BLDLOD, BLDTRG or BLDDAT). It
computes data points for the graphic routines. The detailed graphic
component dimensions are written to a print/save file for archiving the
program interaction.
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1.3.28 ORIENT

ORIENT is called from most of the build options in INITDRVR, allowing
the user to reposition components. The user can input a rotation se-
quence consisting of rotation axes and angles, and a translation vector
to position the origin of the component within the reference coordinate
system. MAT is called to compute the total rotation transformation ma-
trix, and MATVEC to transform vectors from the new coordinate system to
the reference system. The translation vector is then added to each set
of coordinates. The translation and orientation of detailed graphic
components are written to a print/save file for archiving the program
interaction.
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29 MAT

Subroutine MAT is called during the system definition function to com-
pute the total rotation transformation matrix defined by the input ro-

tation sequence and angles. MAT is called from subroutine ORIENT.
rotation sequence passed to it determines the transformation matrix
from the component system to the reference system it calculates. The

transpose (inverse) of the normal X,Y and Z-axis rotation matrices are
used. For each rotation in the input sequence, the axis rotation matrix

is loaded and premultiplied with the current total transformation

matrix.

SUBROUTINE MAT

I = O

Ll = I + 1

ANG = UBER INPUT ROTATION ANG TO ORIENT LINK IN CURRENT COORO. SY=.

ZERC RMRT INTERMEDIRTE ROTARTION MATRIX

ROTATION RAXIS IS X-—-AXIS

RMAT (1, 1) = 1,

RMAT (de a1 = CON RN

i LTt
RMAT (e 33 = —~SIN WG

MMET (3. ) =  SIN NG

AMAT (B, 3)_=  COS oW

(NULL)

ROTATION AXIS IS Y-AXIS

RMAT (1. 1) = COS (ANG

RMAT (1. 3) = SIN (ANG)

RVMAT (2, 2 = 1.

T —————te——

RMAT (8, 1) = —=STN (FNG)

RMAT (3. 3 = COS (AN

(NULL)

ROTRATION AXIS IS Z—AXIS

RMAT (1, 1) COS (RNG]
RMAT (1. 2) —STIN (ANG]
RMRT (2. 13 STIN (RANG]
RMRAT (2., 2) COS (ANG)

RMAT (3. 3) = l.

(NULL)

0O UNTIL I .EQ. 3

CONCATENATE TRANS MATRIX WITH RMAT AND LOAD INTO TRANS

SUTPUT TRANS MEATRIX PROODUCT

RETURN

———

END
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1.3.30 MATVEC

Subroutine MATVEC is called during the system definitiom function to
provide matrix/vector multiplication. The routine is called from
ORIENT. The vector A is multiplied by the matrix TRANS to produce out-
put vector B. Note that this matrix/vector multiplication is 3-D omnly.

SUBROUTINE MATVEC

B (I = PRODUCT OF MATRIX TRANS,
ELMT. (IT. JI +» VECTOR A. ELMT. (WU

DO UNTIL J .EQ. 3

00 UNTIL I .EQ. 3

RETURN

END
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1.3.31 DRAW

Subroutine DRAW is called within the system definition function to pro-
vide the graphics display during the generation of arm detailed repre-—
sentations. It is called to display each successive component as it is
defined. The routine logic is controlled by flag inputs specifying
initialization (at which time base/link/tool transformation matrix con-

catenations to the system are performed), component drawing, or com-
ponent modification world.
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ORIGINAL PAGE !
| 1.3.32 ESMAT OF POOR QUALITY

Subroutine ESMAT uses Evans and Sutherland graphics routines to con-
struct the required transformation matrices from each system section
coordinate system to the graphics coordinate system. Input argument K
specifies which system section is under consideration. It is called
during execution of the system definition function. It is called from
subroutine DRAW to compute the required transformation matrices for each
system section. The robotic system has section coordinate systems for
the base, each joint/link, and the end-effector. An input value of K=1
indicates the robotic system base. The transformation matrix is com-
posed of a translation matrix based on the base location and rotation
matrices constructed using the base orientation parameters. A value of
! K from 2 to the number of links plus 1 (NJ+1) indicates the (K-1)th
joint/link. All transformation matrices from each of the sectioms to
the previous joint (or base, if the current joint is the first joint)
are concatenated to form the total transformation matrix to the graphics
| coordinate system. Each joint transformation matrix is composed of a
| translation matrix based om the joint position, a rotation matrix based
’ on the initial joint angular displacement, and rotation matrices for
’ joint orientation. A value of K=NJ+2 indicates the end-effector system.
| The transformation matrix for the end-effector is composed of a trans-
lation matrix, and rotation matrices for end~effector orientation. The
end-effector location and orientation are specified relative to the
} coordinate system of the final joint in the system.

SUBROUTINE ESMAT
ARM BRSE ]

wmmmrﬂc‘rmmmmm
CALL TTRAN FOR PICTURE PROCESSOR TRMS!'ORMRTION METREIX
EXTRACT ROTATION FXES USED TN ORIENTING. FROM JOINT SEQUENCE ARRAY
EXTRACT X Y. ® ROT. ANGLES USED IN ORIENTING. FROM JT. ANGLE ARARY
mm-vm-!mmm TO ROTATE TRANSFORMATION
muwmmmmmwmmm

(NULL)

T ONE OF THE ARM JOINTS

SCALE JT. LOCRTION BY IFACT AND LORD INTO INTEGER ARRAY
CRLL TTRAN FOR PICTURE PROCESSOR TRANSFORMARTION MATRIX
EXTRACT OFFSET JT. ANG. FROM JOINT VARIRBLE RRRAY
CALL. TROTX OR =Y WITH JT. ANG. TG ROTATE TRANSFORMATION
EXTRACT ROTATION AXES USED IN ORIENTING. FROM JOINT SEQUENCE ARRRY
EXTRMCT X. Y. £ AOT. ANGLES USED IN OMIENTING: FROM JT. MNGLE ARFFTY
CALL TROTX. =Y OR —8 WITH INTEGER ANG. TO ROTATE TRANSFORMATION
1 CALL TOET TO LOMD MATRIX SRRNY WITH CLURRENT SICTURE PROCESSOR TRANS.

(NULL)

| A ARM TOOL

SCF“.E TOOL LOCATION 8Y IFRACT AND LORO INTO INTEGER
ARRAY

CALL TTRAN FOR PICTURE PROCESSOR TRANSFORMATION MATRIX

e e T e R R BB

EXTRACT ROTRTION RAXES USED IN ORIENTING. FROM JOINT
SEQUENCE ARRAY

EXTRACT X Ye 2 ROT. ANGLES USED IN CRIENTING. SFROM JT.
ANGLE ARmRAY

(NULL)

CALL TROTX. —Y OR =2 WITH INTEGER ANG. TO ROTATE
TRANSFORMATION
CRLL TGET TO LORD MATRIX ARRAY WITH CURRENT PICTURE
PROCESSOR TRRNS.

RETURN

END
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1.3.33 DBAS

Subroutine DBAS is called within the system definition function during
detailed graphics representation generation. For the subroutine, input
calling argument IMAN specifies environment, robotic system component,
target, or load objects file consideration. Graphics object data
IOBJBK are loaded for robotic system components, TGRAFBK is loaded for
target components, LGRAFBK is loaded for load components, and ENVTBK is
loaded for environment components. The manner in which the data are
stored in the COMMON blocks is dictated by the data format used in
Evans and Sutherland graphics routine D3DATA.
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1.3.34 BASELK

In the create mode of BASELK, the user is prompted for the base mass,
the location of the base center of mass in the base coordinate system,

the base inertia matrix relative to the centroid, the point mass values
and locations if desired.
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1.3.35 RCTSIR

Subroutine RCTSTR is called within the system definition function
during detailed graphics representation generation for the environment,
manipulator, load, or target objects. If the requested component is a
rectangular cross-section beam (ISHAPE=7), it is called to compute data
points for the graphics routine.
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1.3.36 CADOBJ

Subroutine CADOBJ is called within the system definition function
during detailed graphics representation generation for the environment,
manipulator, load, or target objects. If the requested component is a
CAD/CAM object (ISHAPE=11), it is called to compute data points for the
graphics routine.
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1.3.37 TARG

Subroutine TARG is called within the system definition function during
detailed graphics representation generation for target objects. If the
requested component is a 4-dot target object (ISHAPE=12), it is called
to compute data points for the graphics routine.
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Subroutine CVTUNIT is responsible for the conversion of input data from

.I1/0 units to internal mathematical units. Each data value VAL is multi-

plied by CONUNIT(IDIM) and replaced in VAL.

SUBROUTINE CVTUNIT

DO FOR ERCH VALUE TO BE CONVERTED

VALUE = VALUE TIMES RPPROPRIRTE
COMPONENT OF CONUNIT
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1.4.2 MATMPY

Subroutine MATMPY performs the multiplication of two matrices, AB=C,
where A has I rows and J columms, the dimension of B is JxK and C is
IxK. The matrices and their sizes are passed to subroutine as calling

arguments.
SUBROUTINE MARTMPY
C (IROW, ICOL) = 0. O
R = A (IROW. ICNT) B (ICNT. ITCOL)

C (IROW. TCOL) = C (IROW. ICOL) +R

DO UNTIL ICNT = NUMBER OF
COLUMNS IN MATRIX A ((ROWS IN B)

DO UNTIL ICOL = NUMBER OF
COLUMNS IN SECOND MATRIX B

DO UNTIL IROW = NUMBER OF ROWS IN
FIRST MATRIX A
RETURN
END




-

&~

[PM]

Subroutine ERRMSG is called when certain errors occur during ROBSIM
execution. The routine first displays the current operating mode
(i.e., system definition, analysis, or postprocessing). The routine
searches the file ERROR.DAT for an error message corresponding to the
error number passed to it. The message is typed at the terminal and
execution returns to the calling routine, from which it continues or
terminates depending on whether the error is fatal.

SUBROUTINE ERRMSG

OISPLAY WHICH SECTION OF ROBSIM
ERROR OQOCCURRED IN

OPEN ERROR MESSRARGE FILE

SERRCH FILE FOR APPROPRIRATE MESSRAGE

MESSAGE FOUND -

DISPL.RAY STRTEMENT
THRT RARPPROPRIRARTE
MESSRAGE NOT FOUND

WRITE ERROR
MESSAGE

CLOSE ERROR MESSAGE FILE

RETURN

END
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1.4.4

ROTMAT

ROTMAT computes a rotation matrix from a sequence of up to three rota-
tions about coordinate axes. It decomposes the input calling argument
JSEQ -into three successive rotation axes, computes each corresponding
rotation matrix from the specified angles of rotation and combines these
successively to find the overall rotation matrix.

SUBROUTINE ROTMAT

INITIALIZE RRRAY T2 (3. 33 TO AN
IDENTITY MATRIX

DETERMINE INDIVIDUARL ROTATION AXES

(IJO (3]

T

ITJuo () .NE. O

b

T1 (8. 3 FOR A SINGLE ROTRTION

CALL CETM TO FIND THE
TRANSFORMARTION MATRIX

CALL MATMPY TO COMBINE (NULLD

NEW MATRIX T1 WITH OLD
MATRIX T2

DO UNTIL I=3

PUT RESULT IN ARRAY RM (3. 3)

RETURN

END

B-88




1.4.5

CETM

Subroutine CETM calculates a transformation matrix for a specific input
axis of rotation and rotation angle by the use of appropriate direction
cosines matrix. The calling argument input is:

Symbol Type Dim. Definition

IAXIS I*4 1 Rotation axis for joint orientation
= 1, Rotation about x—axis
= 2, Rotation about y-axis
= 3, Rotation about z-axis

TH R*4 1 Rotation angle for joint orientation

SUBROUTINE CETM
INITIALIZE T1 TO ZERC MATRIX

DOCAHSE IAXIS
EQURLS

-
\V
W

= = =)
E O o E O o E O o —_—
w =5 = = 5 = o =5 =

N=ZDn S N=ZPanS NZ2 nS —
= —t — = taud bod  pef = Ll —

S = ., > b= o= . > = oD = ., > — 1
=S - accac ZS o= ZES - acoac —
o, <o =5 = aFE, NS

ES S = S S = ES S = =
S o S O S o —
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1.4.6 LOGO

The LOGO routine calculates data points required to output the Martin
Marietta logo, and displays it on the robotic simulation E&S graphics
display. It extracts from the data points file LOGO.DAT, the Martin
Marietta company logo, scales and displays the logo for the robotic
graphics simulation.

SUBROUTINE LOGO

OPEN LOGOD DRTHR FILE

RERD ALL OF LOGC DRTA INTO INTEGER DRTR ARRAY

CLOSE LOGO DRTR FILE

SET INTEGER STEP VALUE TO 80/INPUT SIZE

DO FOR ERACH DATA HORIZONTAL PIXEL
L = O ‘
INCREMENT T
INTEGER X. ¥ VALLES = OATA PRAAY ELMT. «INFUT SIPE) « INITIFL. X Y
ITNTEGER Z VRLUE = INITIAL =
{ L = L =+ 1
SET CUTPUT LOGO ARRAY X. Y. Z. ELEMENT L. TO X. Y. Z
'sET sSTART AND STOP POINTS LOOFP PRRRMETERS
J = O
DO WHILE L. NUMBER OF POINTS IN LOGO. . lLLE. SO0
o d = J «+ 1
CETERMINE RATIOD TO USE IN OUTPUTTING LOGO POINTS
REWRITE INTEGER X VAILLUE = INTEGER X » RATIO
‘wm.: BT mu.naam. TROM STRRT LODP PRRM. « AT aSTEP VAaLLE

'SET LINE GENERATOR FLAGS FOR GRAPHICS OISPLAY ROUTINE
[DISPI_PY CURRENT GRAPHICS DRTAR ARRAY= DRAW SCALED LOGO

RETURN

END
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1.4.7 CRPD

Subroutine CRPD computes the cross—product of two vectors A and B, each
containing three components. The result is put into the vector C.

SUBROUTINE CRPD

C (1) = A (2) +B (3) —A (3] +B (2]

C (2] = A (3] B (1) —A (1] +B (3

C (3 = A (1) +B (2) —A (2) »B (1]

RETURN

END
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The program SIMDRVR is the analysis tools function driver.

The Analysis Tools Function

Rev A, October 1985

The following

set of routine functional descriptions and VCLRs (visual control logic repre-

sentations) are the modules found in the analysis tools function of ROBSIM.

2.0
SIMDRVR
1.1.14 1.1.2] 2.1.1) 2.1.5 2.1.3 2.1.4] 1.4.3]
SETLV LBR_HELP RDSYS TASK REQUIR RESPON ] ERRMSG
- ERRSMG )
2.2.24] 2.1.2]
SEGTASK SEGMNT
L |
1.4.1[ 1.2.11 1.4.SI L.4.4 2.2.1 2.4.4]
r CVTUNIT SETUP ERRMSG ROTMAT FTIN OUTUN
' - CE™M - ERRMSG
—_—— e — - MATMPY 2.1.6 [
S D =
1,2.12 | BASGMNT
SETUP2 | I
R N WY | 1.4.4] 2.4.4] 1.4.3]
I CVTUNIT ROTMAT OUTUN ERRMSG
5

1.3.18 1.4.2 L4,
BASPUT MATMPY

CETM

*Used often, so referred to by * in subsequent flowcharts.

Figure B-8. - Functional block diagram for SIMDRVR.
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2.1.3]

ORIGINAL PAGE IS REQUIR Rev A, October 1985
OF POOR QUALITY .
2.2.2 2.2.3 1.2.11 2.2.4 2.2.5 2.2.6 2.2.7 2.2.8 2.2.9 2.2.10 2.2.11 2.2.12
REQOPT PRTARM SETUP GRAFIX CNTRLR SPRGINC CHKLMT DYNAM VOLTAGE OUTREQ ESPAUS ENDREQ
. - E&S ROUTINES (Not yet - E&S ROUTINES
| implemented)
1.1.2 1.4.3 2.2.25]
LBR_HELP ERRMSG BCNTRLR 2.3.13 2.3.14 2.3.15 2.3.16
2.3.44] 2.3.45] 2.3.71 2.3.46] 1.4.3] REQPRT REQSOF REQTRQ REQPLT
BASINIT BRCNTRL RATEPRO BPCNTRL ERRMSG
2.4.6]
BORERR
_-TT___—“
102011 2.3.1 l.aol 2.3.4 2‘3'5 2.3-6 203.7 203.8 10403 102011 203.9 203.10 2-3.11 2.3012
SETUP SEGINIT CVTUNLT ESCNTRL | | PosspJT RCNTRL RATEPRO PCNTRL ERRMSG SETUP CABSM FORCE TORQUE ACTORQ
T ~
* 2.3.17 2.3.47 l CRED
TRACKING
2.3.2 2.3.3 POSGRDJT 2.3.19 1.4.7 1.4.2
— - -C 2.3. 4. 3. .3,
GRASP RELEAS MATMPY CRPD 1.3.19 9 41 3.481 1.4.2] 232211 2.3..52 CVTIN CRED MATMPY
- CRPD 3 e INITTAR MATMPY PERSPECT || HARALICKR
1.3.14| MATMPY - MATMPY - ERRMSG 1.2.11 JACOB SLVLIN2 > 3 49 - MATMPY
ADDMAS SETUP2 | gﬁgﬁPY 2.4.2 ANGLES 2.3.20 2.3.21 2.3.22
L] - -
L 31s H REPCOL 2.3.50 SPRGFOR CNSTFOR PTACC
-5 NEWFRAME
ADDMAS 2 - CRPD - CRPD
- MATMPY
1.3.16 1.2.11 1.4.2 2.3.18 1.3.19 2.4.1 2.4.3| KD
RCICR SETUP2 MATMPY JTPOS JACOB SLVLIN? ORERR
| - MATMPY - CRPD
- CRPD 2.4.2
REPCOL
2.4.3 1.3.19 2.4.1 1.2.11
~ DOT
— CRPD ORERR JACOB SLVLIN2 SETUP2
- CRPD ~ MATMPY M
- CRPD 2.4.2
REPCOL
*Defined in previous flowchart [SIMDRVR ].
Figure B-8. - (cont)
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|\  FaLbour

FRAME
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2.1.4 |
RESPON
2.2.13 2.2.14 2.2.15 2.2.16 2.2.3 2.2.8 2.2.4 2.2.17 2.2.18 2.2.19 2.2.20 2.2.21 2.2.22 2.2.11 2.2.23
SIMOPT INITCO DEFCNST PIDINT PRTARM DYNAM GRAFIX OUTS IM CNTRSIG CONTROL SETCNST DERIV INTGRT ESPAUS ENDSIM
- ERRMSG - E&S ROUTINES - E&S ROUTINES
1.1.2 2.2.5 1.4.3 2.3.23 2.3.24 2.3.25 2.3. 31 2.4.1 2.3.34 2.2.21
LBR _HELP CNTRLR ERRMSG POSSENS SIMPRT SIMPLT EFINRT2 SLVLINZ STOPFR DERIV
% TRCIGR 54
- MATMPY
- CRPD REPCOL
1.2.11 2.3.10 2.3.12
SETUP FORCE ACTORQ 2.3.23 3,30
) | T
*2.3.9 ** 2.3.11 POSSENS PIDFOR
CABSM TORQUE 2.3.29
- | -
CRPD *k 2.4.5 2.2.5 2.4.3 2.3.26 2.3.27 2.3.28 PIDCON 2.3.32 2.3.33
ICVTATD CNTRLR ORERR FORTOR FORREF CMPCTRL NLINK S IMLMT
I - - MATMPY
*k CRED .3.19 1.3.19
JACOB JACOB 2.3.35 2.2.8 2.3.36 2.3.37 2.3.38 2.3.
- MATMPY - MATMPY
2.4.3 1.3.19 2.4.1 ~ CRPD e ACTIVPIH DYNAM DRTORQ EFINRT SLVTHDD SLVMBAS
- CRPD | - RCICR - CRPD
ORERR JACOB — |
SLVLIN2 : ¥k C MATNRY
- CRPD - *gg’gﬂ 2.4.2 2.3.53 2.2.25 2.3.39 2.3.40 2.3.41 2.3.42 2.4.1
REPCOL BDRTORQ BCNTRLR LININT LDVOLT CALCI SOLVE SLVLIN2
2.3.39 2.3.43 2.4.2
LININT GAUSS REPCOL
*Defined in flowchart | SIMDRVR |.
**These subroutines defined in previous flowchart under .
C__rowoour FRAGE
Figure B-8. - (concl)
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TABLE B-VI. - PROGRAMS EMPLOYED IN SIMDRVR

N
o

NNMDNMNMDNODN
SV PWN

. e o .
. . Py

1]
NNNNNNHHHHHHLHHH@@\AO\U‘!L\\ANH
MPLOUNDNEFOOVOONOOTUMPWNEO

NNOMMNMMOMNMNMNNMMOMNMNNMNMDOMOMPMOMMOMMOMNMNMOMNOMNOMNNOMDNNDNDNNNDND

NNMNNNMNNNOMDMMNMNNMOMNNNOMMOMNOMOMNOMNNNMNMOMDNONDNDODNOMNODDND
¢ »

LWWWWwLwWw

.
.

NMNMNMMOMNDMNDN
s & &
e & o
AUV P WUN -

SIMDRVR 2.3.7 RATEPRO 2.3.48 INITTAR
2.3.8 PCNIRL 2.3.49 ANGLES
RDSYS 2.3.9 CABSIM 2.3.50 NEWFRAME
SGMNT 2.3.10 FORCE 2.3.51 PERSPECT
REQUIR 2.3.11 TORQUE 2.3.52 HARALICKR
RESPON 2.3.12 ACTORQ 2.3.53 BDRTORQ
TASK 2.3.13 REQPRT 2.3.54 SLVMBAS
BASGMNT 2.3.14 REQSOF
2.3.15 REQIRQ 2.4.1  SLVLIN2
FTIN 2.3.16 REQPLT 2.4.2 REPCOL
REQOPT 2.3.17 POSGRDJT 2.4.3 ORERR
PRTARM 2.3.18 JTPOS 2.4.4 OUTUN
GRAFIX 2.3.19 CVTIN 2.4.5 ICVTATD
CNTRLR 2.3.20 SPRGFOR 2.4.6 BORERR
SPRGINC 2.3.21 CNSTFOR
CHKLMT 2.3.22 PTACC
DYNAM 2.3.23 POSSENS
VOLTAGE 2.3.24 SIMPRT
OUTREQ 2.3.25 SIMPLT
ESPAUS 2.3.26 FORTOR
ENDREQ 2.3.27 FORREF
SIMOPT 2.3.28 CMPCIRL
INITCO 2.3.29 PIDCON
DEFCNST 2.3.30 PIDFOR
PIDINIT 2.3.31 EFINRT2
OUTSIM 2.3.32 NLINK
CNTIRSIG 2.3.33 SIMLMT
CONTROL 2.3.34 STOPFR
SETCNST 2.3.35 ACTIVPIH
DERIV 2.3.36 DRTORQ
INTGRT 2.3.37 EFINRT
ENDSIN 2.3.38 SLVTHDD
SEGTASK 2.3.39 LININT
BCNTRLR 2.3.40 LDVOLT
2.3.41 CALCI
SEGINIT 2.3.42 SOLVE
GRASP 2.3.43 GAUSS
RELEAS 2.3.44 BASINIT
ESCNTRL 2.3.45 BRCNIRL
POSSPJT 2.3.46 BPCNIRL
RCNTRL 2.3.47 TRACKING
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VRev A, October 1985
2.0 SIMDRVR

The program SIMDRVR is the analysis tools function driver. It operates
in an interactive mode, prompting the user for the analysis option de-
sired: requirements analysis without graphics, requirements analysis
with graphics (a display of system motion during program execution), re-
sponse simulation analysis without graphics, response simulation analysis

with graphics, option to set up a base or arm motion program or terminate
SIMDRVR execution.
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2.1.1 RDSYS

Subroutine RDSYS is called from SIMDRVR to read in the manipulator sys-
tem definition data needed to run any of the SIMDRVR analysis options.
The routine first prompts the user for the name of the file containing
the system's data and then opens that file. If the system includes
moving bases it reads the number of bases. Moving base numbers, geo-
metric properties, mass properties, actuator properties and special
joint data for each arm are read in, as well as system graphics data
and the definition of gravity for the system. If the system contains
an environment, the data describing it are read in. If load objects
are also to be included, the data describing them are read in. End-
effector data and target data are to be read next. After that, the
file is closed and saved. '
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2.1.2 SGMNT

Subroutine SGMNT allows the user to set up the desired motion profile
for a requirements analysis or response simulation run. It is called
from SIMDRVR. An existing motion profile file may be read in and modi-
fied or the profile may be defined interactively. Motion is specified
in one of four ways:

1) Desired position of end-effector;

2) Desired position of each joint;

3) Rate of end-effector movement;

4) Rate of each joint.

In addition, motion may be specified by having an end-effector-mounted
sensor move toward a target. Several nonmotion-type operations such as

grasp a load object, release object and wait a given length of time may
also be specified.
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2.1.3 REQUIR

Subroutine REQUIR is called from SIMDRVR and is the routine that con-
trols the execution of any requirements analysis run. It first calls
REQOPT to set up program run time options. If requested, PRTARM is
called to write a description of the system to an output file. SETUP
is called to calculate initial positions. GRAFIX is called if the run
is to include graphic displays. The subroutines CNTRLR, SPRGINC,
CHKLMT, DYNAM and OUTREQ are called at every increment of a user-defined
time loop to calculate the manipulator system's motion, forces and
torques, and write these data to an output file. ESPAUS is called when
motion is temporarily halted during execution. When the stop time is
reached, ENDREQ is called to close any open files.
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2.1.4 RESPON

Subroutine RESPON is called from SIMDRVR to control the execution of a
response simulation run. Run time options and program variables are
first initialized. A user-defined time loop is executed to call rou-
tines to carry out all the control functions. After execution is com-
pleted, ENDSIM is called to close the files.
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2.1.5 TASK

Subroutine TASK is the preliminary routine called when defining manipu-
lator motion. The user has the choice of modifying an existing time
history (motion) profile, creating a new profile or writing a user
readable, formatted file from an existing time history profile. The
subroutine opens the appropriate files and then calls subroutine SGMNT
if an existing file is being modified, a formatted file is to be writ-
ten, or a new file is to be created using just lower level motion com-
mands. If task level commands are used, TASK calls subroutine

SEGTASK. For other options task calls SGMNT.
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2.1.6 BASGMNT

Subroutine BASGMNT allows the user to set up the desired base motion
profile for a requirements analysis or response simulation run. It is
called from SIMDRVR. An existing base motion profile file may be read

in and modified or the profile may be defined interactively. Base mo-
tion is specified in one of two ways:

1) Desired position and orientation of the base;
2) Rate of base motion.
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2.2.1 TFTIN

Subroutine FTIN is called from SGMNT if force/torque or active compli-
ance control was specified by the user. If force/torque control was
specified, the user is prompted for the number of force and torque com=
ponents to be controlled, the unit vectors in the directions to be con-
trolled and the magnitude of the control force or torque. If active
compliance control was specified, the user is prompted for the stiffness
matrix at the end-effector reference point.

SUBROUTINE FTIN

> IOP .EQ. S ‘
PROMPT USER FOR FORCE.TORQUE CONTROL ONSOFF
FLAG
T TURN FORCE/TORQUE CONTROL ON =
PROMPT USER FOR NUMBER OF FORCE
COMPONENTS TO CONTROL

PROMPT USER FOR CONTROL DIRECTION

PROMPT USER FOR MRGNITUDE OF CONTRCOL FORCE -
DO UNTIL N . EG. NUMBER OF CONTROLLED . =
FORCE COMPONENTS = =

PROMPT USER FOR NUMBER OF TORGUE = =

COMPONENTS TO CONTROL =
PROMPT USER FOR CONTROL DIRECTION
PROMPT USER FOR MAGNITUDE OF CONTROL
TORGUE
DO UNTIL N . EQ. NUMBER OF CONTROLLED
TORQUE COMPONENTS
T IoP .EQ. & =
PROMPT USER FOR COMPLIRNCE CONTROL ON/OFF FLAG
>~ TURN COMPLIANCE CONTROL ON - (NULL)
T T Trmans et l (INUL L)
RETURN
END
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2.2.2 REQOPT

Subroutine REQOPT is called from REQUIR to define requirements analysis
run time options. The user may list currently defined options and use
them or input a new set of options. Options the user may set include
run time data file write, torque file write, control method to be used,
control of robot base, dynamic calculations, playback file write, plot
file write, and simulation start time, stop time, and processing step

size.
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2.2.3

PRTARM

Subroutine PRTARM is called form either REQUIR or RESPON when the flag
for printed output of that analysis is set. This routine prints a de-
scription of the manipulator system that includes the following vari-
ables: current arm number and number of joints per arm, type and mass
of each joint, initial angular positions and velocities of each joint,
joint travel and rate limits, joint/link centroid locatioms, joint lo-
cation relative to previous joint, inertia matrix for each joint, orien-
tation matrix for each joint relative to previous joint, span of the
whole system, and the acceleration attributable to gravity.

SUBROUTINE PRTARRM

WRITE CURRENT ARM NUMBER RND THE
NUMBER OF JOINTS PER RRM

WRITE THE TYPE AND MASS OF EARACH JOINT

CONVERT DRTR TO BE WRITTEN FROM
INTERNAL TO INPUT/QUTPUT UNITS

WRITE JOINT INITIAL ANGULRAR POSITIONS
AND VELOCITIES

WRITE JOINT TRAVEL AND RATE LIMITS

WRITE JOINT/LINK CENTROID LOCRTIONS

WRITE JOINT LOCRTIONS RELRTIVE TO
PREVIDUS JOINT

WRITE INERTIA MATRICES FOR JOINT/LINK
COMBINRTIONS

WRITE ORIENTARTION MRTRICES FOR ERCH

JOINT RELARTIVE TO PREVIOUS JOINT

DO UNTIL KARM = NUMBER OF ARMS IN THE SYSTEM

WRITE TOTAL SYSTEM SPAN

WRITE RCCELERRTION DUE TO GRRARVITY

RETURN

END
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2.2.4 GRAFIX

Subroutine GRAFIX provides the motion graphics capability in the re-
sponse simulation, requirements analysis and postprocessing func-
tions. GRAFIX displays the environment, target, load and robotic sys-
tem motion within the environment. If IFLAG=1, the graphics system is
initialized and displayed in the initial condition; if IFLAG=2, the
display is updated to the current time step condition; if IFLAG=3, the
motion is complete and the graphics are terminated.
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2.2.5 CNIRIR

Subroutine CNTRLR is called from REQUIR to obtain the angular position,
velocity, and acceleration for each joint of each arm at each processing
time step. If the variable IDATA was set to 1 earlier, the data are ob-
tained by reading an existing file that contains just these data. If
IDATA equals 2, the values are calculated from the motion profiles.
Subroutine PCNTRL is called for the position control calculations and
RCNTRL is called for the rate control calculations and TRACKING is
called for sensor control. IDATA equal to 3 allows the system motion

to be controlled by dials on the Evans and Sutherland.
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2.2.6 SPRGINC

Subroutine SPRGINC is called from REQUIR to set the variables used when
the end-effector is to have compliance associated with it. The vari-

ables set includes spring reference position, orientation and the spring
constant.

SUBROUTINE SPRGINC (TEMPORRRY)

SET SPRING VARIABLES SPRP (POS) .
SPROR (ORIENTRTION] » AND
SPRK (STIFFNESS M

N = NJKARM) <+ 2

POS (1. Ne KRRM3 . LE. .688872
. AND. POS (3. N» KARMY . GE.
T . 88872 F

ISPR (KARM) = 2 (NULLI

DO UNTIL KRRM . EQ. NUMBER OF ARMS

RETURN

END
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e2+.7 CHKLMT

CHKIMT checks joint displacement and rate limits during requirements
analysis. It does not modify any values but prints a warning to the

terminal if any limits are exceeded.

SUBROUTINE CHKLMT

DO FOR EACH RRM IN SYSTEM

DO FOR ERACH JOINT IN ARM

DISPLARCEMENT EXCEEDS

T MINIMUM OR MRARXIMUM VALUE =
TYPE WARNING TO
TERMINAL WITH (NUL L)
PERTINENT DBRTAH

RATE EXCEEDS MINIMUM OR

T MAXIMUM VALUE -

TYPE WRRNING TO
TERMINARL WITH : (NULLD
PERTINENT DRTRH

JOINT RATE EQUARTIONS COoULD

T NOT BE SOLVED
TYPE WARNING TO
TERMINAL NIE?jiFRTINENT (NUL.L)
A
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2.2.8 DYINAM

Subroutine DYNAM is called from REQUIR to compute the manipulator sys-
tem dynamics at each processing time step by calling the SETUP, CABSM,
FORCE, TORQUE, and ACTORQ subroutines.

SUBROUTINE DYNAM

CALL SETUP TO FIND ALL POSITIONS
IN WORLD COORDINARTES

CALL CRBSM TO FIND ARBSOLUTE VEL.
AND RACCEL. OF ALL LINKS

CALL FORCE TO FIND JOINT RERCTION
FORCES

CALL TORQUE TO FIND JOINT RERARCTION
TORQUES

CRLL RACTORQ TO FIND JOINT ACTURTOR
TORQUES

RETURN

END
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2.2.9 VOLTAGE

(Not implemented yet.)
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OUTREQ

Subroutine OUTREQ is called from REQUIR to write output data to files
requested by the user. The files the user may elect to have data writ-
ten to are:

1)

2)

3)
4)

5)

Run time output data file;

Data file for subsequent replay of motion on a vector graphics sys-
tem;

Actuator torque data file;
Run time data file for subsequent plotting;

Base torques and forces data file.
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2.2.11 ESPAUS

Routine ESPAUS is responsible for polling the status of the E&S function
keys to determine the on/off status of the devices switch for playback
motion cessation. A light indicator in the function key is used to in~-
form the user of the key status; when lighted, the perspective viewing

is in operation.

SUBROUTINE ESPARUS

STARATUS FUNCTION KEYS (EXTENDED
SWITCHES) EVENT QUEUE

USER FUNCTION KEY FOR

T TERMINATING IS RCTIVATED -
ISTOP OUTPUT
FLAG = O . (NULL)
USER FUNCTION KEY FOR
» CESSATION OF MOTION IS
T ACTIVATED F
ISTOP OUTPUT
FLAG = 1t (NULL)
RETURN
END
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2.2.12 ENDREQ

Subroutine ENDREQ closes any files opened during running of the require-
ments analysis portion of ROBSIM.

SUBROUTINE ENDREQ

D FILE 3 IS OPEN ‘
CLOSE LU3 (NULL)
N FILE 6 IS OPEN A
CLOSE LUB (NUL L)
N FILE 13 IS OPEN | Z
CLOSE LU13 (NULLJ
A FILE 14 IS OPEN A
CLOSE LU1l< (NULL)
D FILE 16 IS OPEN A
CLOSE LU18 (NULL)
D FILE 17 (KRRM) IS OPEN ‘
CLOSE LU17 (KPRM] (NULL)
DO UNTIL KARM .EG. NUMBER OF ARMS
RETURN
END
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SIMOPT

Subroutine SIMOPT interactively prompts the user for the program start
time, stop time, processing time step, and several flags for control of
output and the selection of some computational capabilities. Among
these output options is a simulation output file that contains the data
required by the postprocessing function for further study. The user
also specifies the time frequency of the output of data to the file.
The user is also allowed to request printed output during the analysis
tools function execution.

The content and format of the data to be printed are provided for within
each of the analysis tools. The flag set within SIMOPT is used only to
turn the print routines on. The time frequency of the printed output

is also specified. Other options are for generation of an acceleration-
velocity-theta file and/or a plot output data file that may be plotted
with the ROBSIM postprocessing plot utility with their associated out-
put time steps. The user may also request use of a torque input file
or a control option to read a hardware input voltage file for computa-
tional capabilities.
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2.2.14 INITCO

Subroutine INITCO prompts the user for the initial joint position (TH)
and velocity (THD) of each joint of each arm. If moving base is simu-
lated, the routine prompts the user for the initial base positions,
orientations and velocities.
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+2.15 DEFCNST

DEFCNST reads a file containing the information needed to define a con-
straint (either planar or peg-in-hole type) on the end-effector motion
during dynamic simulation of the arm response. The user specifies the

name of the constraint file in response to interactive prompts.

SUBROUTINE DEFCNST

GQUERY WHETHER USER WANTS TO INCLUDE CONSTRARINT

CONSTRARINT DBESIRED

-+

)

KRRM = 1

PROMPT FOR FILENAME OF CONSTRAINT FILE

OPEN CONSTRARINT FILE

READ TOOL REFERENCE POINT LOCRTION

READ NUMBER OF PLANAR CONSTRAINTS

DO FOR EACH PLANARR CONSTRARINT

READ THE <4 COCRDINATES DEFINING THE PLANE

RERO NUMBER OF PEG—-IN-HOLE CONSTRARINTS

DO FOR ERCH PEG—IN-HOLE CONSTRAINT

RERD HOLE LOCAHTION

RERD DIRECTION OF HOLE RXIS

RERD DEPTH OF HOLE

READ RADIUS OF HOLE

RERD FRICTION COEFFICIENT FOR HOLE

CLOSE CONSTRRINT FILE

SET VARIABLES TO INDICATE NO CONSTRAINTS

-+ HOLE CONSTRAINT INCLUDED

RCTIVATE HOLE CONSTRAINT DEFINE HOLE CONSTRAINT INRCTIVE
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2.2.16 PIDINIT

Subroutine PIDINT is called from RESPON to initialize variables used in
the program's control algorithms. POSSENS is called first to determine
the actual joint positions. Initial values for some control variables
are set. The user is then asked to supply system gains for the methods
of control that will be used during program execution. These gains may
be supplied by either reading in a file of existing gains or by the user

interactively inputting the gains.

SUBRAQUTINE PIDINIT

CALL POSSENS TO OBTRIN STH
INITIALIZE STHO. STHOD. OL.OSTH. ER:MI;J\"I; FERRINT. SERRINT. AND '
T USTITNG PID CONTROL -
N REARDING GRINS FROM A FILE =
PROMPT USER FOR FILENAME . PROMPT USER INULL)
TO INPUT
RERD GARINS FROM FILE GAIN DATR
T USTING FORCE//TORQUE CONTROL e
T REARADING GARINS FROM R FILE = =
PROMPT USER FOR FILENAME PROMPT USER =
TO INPUT =
RERD GAINS FROM FILE GRIN DRTR bt
T USING RACTIVE COMPLIANCE CUONTROL =
REROING GRINS FROM A
T FILE F .
PROMPT USER FOR PROMPT —
FIIL.ENAME USER TO gég
RERD GRINS FROM INPUT —
FTITLE GRIN DRTAH
RETURN
END

B-117




2.2.17 OUTSIM

Subroutine OUTSIM is called from RESPON to write the appropriate output
data to the different types of files requested by the user. Types of
output files available are:

1) File of rum time data for subsequent tabular printout;

2) File of joint positiomns, velocities and accelerations as functions
of time;

3) Data file for later motion replay on vector graphics machine;

4) File of data for subsequent x-y plotting.

SUBROUTINE OUTSIM

T

FIRST CALL TO SUBROUTINE

SET TIME FLAGS TO START TIME | (NULL)

IPRINT .LE. 2

v CORRECT TIME TO WRITE DATA
oL, SHOWP TO IGETE EITED U FaLE l (NULL) INUL L)

DO UNTIL KARM . EGQ. NUMBER OF ARMS

-+
h o

IDRTA . EQ. 1

CORRECT TIME TO WRITE DATAR -

WRITE CURRENT TIME TO OUTPUT FILE

DO UNTIL KARM . EQ. NUMBER OF ARMS

[GRITE TW. THE. THOO TO OUTPUT FILE ceNUL L) (NULL)

IsSsTMO . EQ. 1

3
> CORRECT TIME TO WRITE DRTH 4 —_
WRITE CURRENT TIME TO OUTPUT FILE —

TWRITE TH. ILD TO OUTPUT FILE (NUL L) =
DO UNTIL KRARM . EQ. NUMBER OF ARMS bt
N IPLOT .EQ. 1
2\ CORRECT TIME TO WRITE DATA -
CALL SIMPLT TO WRITE (NULL

PLOT OUTPUT FILE : (INULL)

RETURN
END

B-118




2.2.18 CNTRSIG

Subroutine CNTRSIG is called from the routine REQUIR. Joint variables
are stored in dummy variables and CNTRLR is called to calculate joint
angular reference positions and velocities. The end-effector position
error is calculated and ORERR is called to determine the orientation
error. If force/torque control is being used, subroutines FORTOR and
FORREF are called to calculate joint reference positions and reference
forces and torques. If active compliance control is being used, sub-
routine CMPCTRL is called to calculate amplifier input voltages.

SUBROUTINE CNTRSIG

SAVE VALUES OF TH. THDO. POS. ROT. IDRATA.
AND TIME IN DUMMY VARIARBLES

CRLL CNTRLR TO CRLCULARTE REFTHT ARAND
REFTHDT

RETURN VALUES STORED IN DUMMY VAIABLES

END EFFECTOR POSITION ERROR. EPSERR =
EPQOS — POS

CRLL ORERR TO FIND THE END EFFECTOR
ORIENTRTION ERROR

T USING FOREC/TORQUE CONTROL

CRLL FORTOR TO CRLCULATE

REFERENCE JOINT POSITIONS CNUL L)

CRLL FORREF TO CRLCULRARTE
REFERENCE FORCES AND TORQUES

T USING RCTIVE COMPLIANCE CONTROL

CALL CMPCTRL TO CRALCULATE MOTOR
AMPLIFTIER INPUT VOLTRGES (INUL L)

RETURN

END
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2.2.19 CONTROL

Subroutine CONTROL is called from RESPON at every processing. time step.
If a feedback control law is to be used, POSSENS is called to get the
actual joint data and PIDCON is called to get actuator voltages for PID
control. If force/torque control is being used, PIDFOR is also called
to get actuator voltages caused by the force-controlled components.

SUBROUTINE CONTROL

ISTF .EQ. 1

CRLL POSSENS (KRRM] TO GET
ACTUARL JOINT DRTA

cCALL PIDCON (KRRM). TO GET
RCTURTOR VOLTARGES FOR PID
CONTROL

NULL

IFTCN . EQ. 1 .
T F

CALL PIDFOR (KARM) TO
GET RCTURTOR VOLTRGES (NUL L)
FOR FORCE/TORGUE CONTROL

DO UNTIL KARARM . EQ. NUMBER OF ARARMS

RETURN

END
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2.2.20 SETCNST

SETCNST checks planar constraints to see if they are violated or need
to be activated. If the current velocity violates the constraint, the
velocity impulse to satisfy the constraint is evaluated.

SUBROUTINE SETCNST

DO FOR ERCH ARM
NUMBER OF PLANARR CONSTRAINTS

T GREATER THAN ZERO =
EVALUARTE DISTANCE TO CONSTRAINT
PLANE

- DISTANCE LESS THARN ZERO =

PRINT, ARNING TG TERMINAL (NUL L)

S\ PISTANCE LESS THAN TOLERANCE =

SET UP FLAGS TO RCTIVRTE —_
CONSTRAINT -

==
Pt

EVALURTE VELOCITY OF POINT
TOWRRD CONSTRRARINT PLANE

VELLOCITY GREARTER THRN ZERO =

T

EVRALUARTE JOINT RATE IMPULSE
TO MAKE VELOCITY ZERO

PRINT ®BVELOCITY IMPULSER
WRRNING TO TERMINAL

UPDARTE JOINT VELOCITIES

(NULL)

(NULL)

B-121
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2.2.21 DERIV
DERIV is used during response simulation to interface between INTGRT and

the dynamics module NLINK. This routine puts the state vector Z into

the appropriate common variables, calls NLINK and puts the results from
the common variable THDD into ZD.
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2.2.22 INTGRT OF POOR QUALITY

Subroutine INTGRT is called from RESPON and uses a fourth-order Runge-
Kutta algorithm to integrate a state vector Z. State derivatives are
computed by the subroutine DERIV.

SUBROUTINE INTGRT

SET T TO INITIAL TIME FDOR INTEGRATION

SET HDT TO TIME STEP. 2.

DO FOR ERACH COMPONENT IN STARTE

SET STATE VECTOR TO STATE VECT. «+DELE

CRALL STOPFR TO STOP MOTION DUE TO DRY FRICTION

SET T TO INITIAL TIME<+-HDT

CARALL DERIV TO CARALCULRTE STRTE DERIVATIVES

D0 FOR ERACH COMPONENT IN STATE

SET STATE VECTOR TO STATE VECT. -E0T/2.

CRLL STOPFR

CRLL DERIV

DO FOR ERCH COMPONENT IN STRTE

SET #0O7 1O STATE DERIVATIVE VECTOR COMPONENT»TIME STER
SET OEL® 1O LAST OELE-BOT

SET STRATE VECTOR 1O STATE VECT. 20T

CRALL STOPFR

SET T TO INITIAL TIME ~+~ TIME STEP

cALL DERIV

DO FOR ERACH COMPONENT IN STATE
SET DELZ TO LAST DELZ+STATE DERIV. «HDOT
SET STARATE VECTAOR TO SAVE STARATE VECTOR+DELZ/3.

CRLL STOPFR

cALL DERIV

RETURN

END
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2.2.23 ENDSIM

Subroutine ENDSIM closes any files opened during execution of the re-
sponse simulation portion of ROBSIM.

SUBROUTINE ENDSIM

T FILE 3 IS OPEN

CLOSE LU3 (NULL)

FILE 8 IS OPEN Z
CLOSE LUS (NUL L)

FILE 13 IS OPEN </Z
CLOSE LU13 (INUL L)

FILE 14 IS OPEN Z
CLOSE LU1l< (NULL)

FILE 18 IS OPEN <
CLOSE LU1B CNULL)

FILE 18 IS OPEN <
CLOSE LU18 (NULL)

RETURN
END
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2.2.24 SEGTASK

Subroutine SEGTASK is called from TASK and allows the user to create a
file that specifies manipulator motion using the following task

commands:

1) Pick up object;

2) Place object at specified location;

3) Move arm;

4) Hold current position;

5) Change end effector reference point;

6) Operator control (not implemented yet);
7) Set control mode for response simulation;
8) Sensor of end effector position.

The user is prompted for initial joint angles and other necessary data
after which a sequence of task commands may be implemented.
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ORIGINAL PAGE 13
OF POOR QUALITY

ILAG ITASK)

rs
CHOOSE A TARASK COMMAND

T ANGLES

R POSITIONS

CALL SETUP2 TO FIND WORLD COO

PRINT A TABK DESCRIFTION
DOCASE

SUBROUTINE SEGTRASK

PROMPT USER FOR INITIAL JOIN
PRINT TASK DESCRIPTION

DO UNTXIL. OPTION IS CHOSEN

CHOOSE OPTION TO DESCRIBE
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2.2.25 BCNTIRLR

Subroutine BCNTRLR is called from REQUIR to obtain the position,
velocity and acceleration for each moving base at each processing time
step. If the variable IBDATA was set to 1 earlier, the base data are
obtained by reading an existing file that contains just these data. If
IBDATA equals 2, the base values are calculated from the base motion
profiles. Subroutines RATEPRO and BPCNTRL are called for the base po-
sition control calculations and BRCNIRL is called for the base rate

control calculation.
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2.3.1

Rev A, October 1985

SEGINIT

Subroutine SEGINIT is called from CNTRLR at the beginning of each new
motion profile segment. If the segment is to define motion of the
manipulator, the sensor and target data or the coefficients of the
polynomials defining the motion rates, the desired positions and orien-
tations are read from the motion history file. If it is a nonmotion
segment, the appropriate subroutines are called or variables are de-
fined to ensure these actions are carried out. If position control is
specified, the motion deltas for the current time segment are cal-

culated.
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GRASP

Subroutine GRASP is called from SEGINIT when the option flag IOP equals
1 (this denotes that the arm is to grasp a load object). The subroutine
first checks to make sure the arm is not already holding an object and
that the desired object is not being held by another arm. The location
and orientation of the load object are then defined with respect to the
end-effector coordinate system. This ensures that the object's loca-
tion and orientation with respect to the world coordinate system will
be updated correctly during a move and that the display shows the object
moving with the arm. The end-effector mass properties are modified to
include the load object to ensure the correct system response.

SUBROUTINE GRASP

DESIGNARTED ARM NOT CURRENTLY

T HOLDING BN OBJECT F
DESIRED OBJECT NOT HELD BY
T ANOTHER ARM =

CALL MATMPY TO GET OBJECT LOCAL
CG VECTOR IN WORLD COOR SYSTEM

CRLCULATE TOOL ORIGIN TO OBJECT .

CG VECTOR IN WORLD COOR

VECTOR IN TOOL COOR SYSTEM

CALL MATMPY TO GET RBOVE

OBJECT ORIGIN VECTOR IN TOOL COOR SYST

CALL MARTMPY TO PUT TOOL ORIGIN TO

DETERMINE OBJECT TO TOOL
TRANSFORMATION MATRIX

CALL MATMPY TO GET OBJUECT LOCARL INERTIA

WRITE MESSAGE TO USER

MATRIX IN TOOL COOR SYSTEM

WRITE MESSAGE TO USER

CARLL |sDDMAS TO COMBINE OBJECT

AND TOOL MASS PROPERTIES

RETURN

END
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2.3.3 RELEAS

Subroutine RELEAS is called from SEGINIT when the arm is to let go of a
load object. The routine first makes sure the load object to be re-
leased is being held by the current arm. If it is being held, the end-
effector mass properties are reset to the values held before the object
was picked up and MATMPY is called to obtain the location and orienta-
tion of the load object with respect to the world. If the object is not
being held, a message is displayed to the user.

SUBROUTINE RELERS

ARM IS HOLDING OBJECT TO
BE RELERSED

RESET ATMAS. RATCG.
AINMAT TO CONTARIN TOOoL
ONLY DARTAR

CALL MATMPY TO FINDO
LOCRTION RND
ORIENTATION OF LORD
WRT WORLD SYSTEM

WRITE MESSAGE TO
USER

RETURN

END
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2.3.4 ESCNTRL

ESCNTRL allows control of system motion through use of the Evans and
Sutherland extended switches (function keys) and loads the coefficients
of the polynomial describing the motion, PCOEF. Optioms include indi-
vidual joint control or end-effector control. For end-effector control,
either the base coordinates or tool coordinates may be used as the re-
ference frame. Also, the controlled motion may be either translation
or rotation. The manipulator motion is always rate-controlled rather
than joint—controlled. The user may select which arm and joint is to
move .

SUBROUTINE ESCNTRL

ERRC MOTION PROFILE COEFWICIENTS FOR ERCH PARM. OF LINKS, PER AfM

STARTUS FUNCTION KEYS (EXTENDED SWITCHES) EVENT QUEUE

DO WHILE MUNCTION KEYS ACTIVATED FOR INTERACTIVE CONTROL OF JTS.
POLE STATUS OF INDIVIDURL FUNCTION KEYS
SET PARAMETER FOR JOINT OR END-EFFECTOR CONTROL

SET PARAMETER SPECIFYING POSITION OR RRATE CONTROL.

SET PRAARMETER FOR TRANSLATIONAL OR ROTATIONAL JT. MOTION
J\ END—-EFFECTOR CONTROL <
TRANSLATIONAL CONVERT
T <JT. MOTION F| DEG/SEC
SET VELOCZITY VELOCITY

CONVERT 30Q.
DEG/SEC VELDCITY
TO RAD/SEC

TO RRARD/SEC
SET MOTION

VALUE TO SET
VALUE OF 12.
INCHES/SEC

TO SET VELOCITY

TGO SET VELOCITY

PROFILE
SET MOTION SET MOTION COEFF.. &
PROFILE COEFF.. PROFILE COEFF.. VECTOR
ELEMENTS 1. 2, 3, ELEMENTS <4, S. 6, ELEMENTS. TO

SET VELOCITY

STOFP TIME FUOR SIMULRTION = CURRENT TIME -

STEP SIZE

RETURN

END
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2.3.5 POSSPJT

POSSPJT is the executive routine that calls handling routines for find-
Currently

ing the position of special joints within the manipulator.
only one type of special joint can be included.

SUBROUTINE POSSPJT

DO FOR EARCH RRM

SPECIAL JOINTS RRE
INCLUDED

DO FOR ERCH SPECIRL JOINT

TYPE EQUAL
GORDY JOINT
T =
cALL
POSGRDJT (NUL-L

(NULL)
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2.3.6

RCNTRL

Subroutine RCNTRL is called from CNTRLR when rate control of the joints
or end-effector is specified. If joint rate control was chosen, the
joint rates THD are calculated from their polynomial definitions and the
accelerations THDD by finite difference methods. For end-effector rate
control, the defining polynomials are evaluated for the current time.
JACOB and SLVLIN2 are then called to transform these end-effector rates
to individual joint rates. Acceleratioms (of each joint) are again cal=-
culated using finite difference methods.

SUBROUTINE RCNTRL

JNTTUL . EQ. 1

CALC RDOT AND OMDOT (END
EFF. RATES)

A
K JNTTUL .EQ. 2 A

PUT ROOT TRANSFORM ROOT AND OMDOT
AND OMDOT OT7T WORLD COOR SYSTEM

RATES)

THD (JOINT

IN VECTOR |puT TRAMEFORMED VARIASLES IN
ENDVEL I VECTOR ENDVEL

CALL JRCOB TO CALC
JRACOBIRAN

CALL SLVLINZ TO SOLVE FOR

(JOINT
IACCELERATIONS)

0 UNTIL

NK

E

JOINT RATES

PUT JOINT RARTES IN THD
ARRAY

NUMBER {cacucate Tiool CALCULATE

CRLCULATE THDO

F JOINTS
IN ARM

RETURN

END

s
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2.3.7 RATEPRO
RATEPRO is called from subroutine CNTRLR when position control of the
manipulator is desired. The time allowed for the move is divided into
six equal portions. The first portion is defined to be constant accel-
eration. The next four are constant velocity. The last is constant
deceleration equal in magnitude to the first portion. The distance
traveled in the whole time is set to 1 and the appropriate distance
traveled, velocity and acceleration for each portion are calculated.
SUBROUTINE RATEPRO
DELTIM = TIMSEG./6. 0O
ACCEL = 1. O/ (5. O#DEL TIMse22)
VELOC = RCCEL+DELTIM
DOCASE
T . LT. T . GE. DELTIM T . GE.
DELTIM (B OwDEL TEM (S. O#DEL TIM)
R =
R - - B ACCEL oL TTMeez 4. SwACCEL #»OEL TIMun2
. SHACCEL w2
R = R+VELOC» t‘l'—: O-OQELT‘IM)
R+VELOC#* (T-DELTIM —_—
RD = LI j
: RO = VELOC =
m-m.w&-mma
ROOC =
RCCEL RDD = 0. 0O RDD = —RACCEL
RETURN
END
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2.3.8 PCNTRL

PCNTRL is called from CNTRLR when position control of the manipulator is
to be used. Joint position control uses the segment rate profile de-
fined by subroutine RATEPRO to calculate the joint positioms, veloci-
ties, and accelerations. End-effector position control uses the same
rate profile to get the end-effector rates. JTPOS is then called to get
joint positions, and JACOB and SLVLINZ are called to get the joint velo-
cities. Joint accelerations are calculated by finite difference me-

thods.
SUBROUTINE PCNTRL
A JUNTTUL .EQ@. 1 <
EPOS = RR*DELPOS+SEGPOS
T =
RR*DELTH+SEGTH CRLCULRTE THE ANGLE OF
ROTATION
CRLL MATMPY TO FIND THE
ORIENTARTION TRANSFORMATION MARTRIX
THD == USING FORCE.TORGQUE OR
RO*DELTH T COMPLIANCE CONTROL F
SET POSREF .
AND ORREF (NUILLS
THOD = CALL JTPOS TO GET JOINT
ROD*DELTH POSITIONS
CALCULRTE ENDVEL. END
EFFECTOR VELOCITY
el SETYR [EALL JAcoB AND SLVLINZ TO
SOSTTIONS GET JOINT VELOCITIES
IN WORLD THDD =
COORDINARTES (THD—-0OLDTHD) /STPPRA
RETURN
END
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2.3.9 CABSM

CABSM uses a recursive technique to compute the absolute angular and
translational velocity and acceleration of each joint/link combination

in the system.

B-133



Rev A, October 1985

CAJM»Z mAOM
+ Mg +~ g8 = 4d +~ Mg + 1" = "d
rA + A = A rA + M =M

J1NIOA3d SI LNIOor N4

rA SSOH0O M = TAOM

SIXY
LNIOr HOH HOLO3A NOILOZHUTIO S3IWIL LOO—3ENcO-YiaHi = MY

SIXE LNIOr HOd HOLO3AA NOILIIYWIO S3IWIL 100—-gLl3aHlL = CA

~TH SSOH3 "W + ((FIH SSOodH3d M) SsSOYo M) + g - d

CLNTOr AN3IEEN3
OL AINIOr SNOIAIHd WOMd HOLIIA) MIH SSOH3 M + A = A

SMNI1T HOU3A dJ04d 0d

3Isua JO

0oy ONY  "13A “SNUHL ONY *ONE HLIM & ONG  *7Y *A °M FAZIHILINIT
— OoHazZ Ol SNOI.LUHE3I1300Y ATRLEIHAOA SNOTAUHA IR0
N ONY MMH..—-HUQJN\/ asyHa 1L3s onNy SATLINONEA IS SBL RITLINI
| comy
— > O AN " X3ANI uw
— NEE> WANSHEa> HIgdWnN 3Isdga = X3ANTI

NIlSAS NI OI0NTONI S3ISHE ONTACKW X

WILSAS NI Wdd HOU3 "0d Od

NSgua INTLNoHans

B-133a

]




Rev A, October 1985

2.3.10 FORCE

Subroutine FORCE is called from DYNAM to calculate the force exerted on
each joint. The force at the end-effector is determined first. PTACC
is called to find link centroid accelerations, and the forces caused by
these accelerations are added to the end-effector forces to find the
force at each joint. If the system includes multiple arms on a moving
base, the reaction force at the base is a sum of the individual base
reaction forces from each arm that is attached to the base.
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2.3.11 TORQUE

Subroutine TORQUE is called from DYNAM to calculate individual joint
torques. The torques at the end-effector are determined first.

Torques at the preceding joint are then calculated by adding the

torques attributable to link inertias and centroid forces to the end-
effector torques. The routine works back toward the base of the
manipulator, adding the torques caused by inertias and centroid forces
to the cumulative torques thus far to obtain the current joint

torques. If the system includes multiple arms on a moving base, the
total reaction torque at the base is the sum of all the individual
reaction torques at the base from each arm that is attached to the base.
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Subroutine ACTORQ calculates actuator drive torques for each joint. It
is called from REQUIR when running requirements analysis and from NLINK
when running response simulation. This routine first solves for the
free axis of each joint and the component of joint reaction torque about
this axis. The torque needed to overcome inertia and viscous and dry

| friction are added to the joint reaction torques to obtain a total actu-
* ator drive torque for each joint.

SUBROUTINE RACTORQ

INCREMENT KARM

INCREMENT N

SET NRXIS TO AXIS OF ROTATION
BARSED ON JOINT TYPE

NRXIS .NE. O

T F
SOLVE FOR TERM OF SOLVE FOR TERM OF
ACTURTOR TORQUE DUE ACTUARTOR TORQUE DUE
TO LINK N OF REVOLUTE TQ LINK N OF SLIDING
LJOINT JOINT

ROO LINK N MOTOR INERTIA AND
FRICTION TERMS TO RACTURTOR
TORQUE

DO UNTIL N = NUMBER OF JOINTS IN
KRRM

D0 UNTIL KARM = NRARRM

\ RETURN

END
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2.3.13 REQPRT

Subroutine REQPRT is called from OUTREQ to write run data to am output
file if this option was requested by the user. Data written to this
file includes time, angular position, velocity and acceleration, trans-=

lational position, velocity and acceleration, and joint force and torque
vectors.

SUBROUTINE REQPRT

DO FOR ERCH ROBOTIC RRM

WRITE TIME., ARM NUMBER TO PRINT FILE

CONVERT THETR VALUES i'CJ QUTPUT UNITS

WRITE ANG. POSITION. VEL.. ARACC..
ACT. TOR. FOR ERCH JT. TO FILE

00 FOR EACH JT. RARND END-EFF.

WRITE TRANS. POS.. VEL.. RCC. TOQO FILE

T NOT END-—-EFF.
WRITE ARBSCLUTE ANG. VEL. .,
ANG. ARCC.

WRITE ROT. MAT. FROM JT. TO INERTIAL. INERTIR
MAT. MFOR LINK IN WORLD

WRITE J7T. FORCE VECT.. FORCE
VECT. AT JT. /LINK CENTROID

WRITE JT. TORQUE VECTOR

(NULL)

RETURN
END
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2.3.14 REQSOF

REQSOF is called from OUTREQ to write a simulation playback file if
this option was requested by the user. The simulation playback file
contains joint angular positions, task commands and load objects flags
as a function of time and is used to replay the motion that occurred
during a requirements analysis run without doing the calculations nor-
mally associated with that run.
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2.3.15 REQTRQ

REQTRQ is called from OUTREQ to write a file of actuator torques as a
function of time if this option was chosen by the user. These data may

then be used to run a response simulation run.

SUBROUTINE REQTRQ

WRITE TIME TO UNFORMARTTED TORQUE
OUTPUT FILE

DO FOR ERCH ROBOTIC ARM

WRITE JOINT RCTURTOR TORQUE
VALUES TO FILE

RETURN

END
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2.3.16 REQPLT

Subroutine REQPLT is called from OUTREQ to write a file of various man-
ipulator parameters as a function of time during a requirements analysis

run. This file may then be used to create x-y plots of these parameters
as a function of time.

SUBROUTINE REQPLT

DRTR PLOT FILE HEADER INFORMARTION FOR EACH PLOT FILE TYPE

SET TIME TOLERANCE FOR CHECK WHEN BEGINNING FILE WRITE

v . AT STARART TIME 4
PROMPT FOR WHICHK OF THE FIVE PLOT FILE TYPES TO WAITE
e — - RERD PLOT FILE TYPe — INUL L)
WRITE TO PLOT FILE THE TYPE, NUMBER ARMS. NUMBER JTS. /FRRM
- BRIEF PLOT PRCKARGE TYPE r
< AT START TIME =
(RITE TIAE JT. ANGLLAR POE.. MANG, VEL.. ANG. MSCCHEL. . MCTUNTOR TORG.
v END-EFFECTOR PLOT PRCKRAGE TYPE r
AT START TIME =
LWITE TIME, POB, OF END-EPFF.., FORCE AT ENO-EFT., TORGUE AT END-EFF.
S JOINT POSITION PLOT PACKAGE TYPE Z
S AT _START TIME z
e T e I — (NOLL) (INLL L)
WRITE TIME. POSITION OF JQINTS
S RERCTION FORCES PLOT PRCKAGE TYPE Z
. AT STRRT TIME >
T T T TR T T T | NULL) . INUL L)
WRITE TIME, JT. FORCE VECTORS, TORQUE VECTORS

- COMBINATION OF RBOVE FOUR PLOT PRCKARGE TYPES

T : AT START TIME

WRITE WHEADER INFCRMATION FOR

COMBINATION TYPE TO PLOT FILE l (INUL L)

[nd —
—
—_—
WATTE TIME. JT.ANG. POS.. POS.. ANG. VEL.. ANG. ACC.. FORC.. TOM.. -
=
=

ACT. TOA.

WRITE TIME, END-EFF. ANG. POS.. PQOS.. FORCE. TCORQUE

RETURN
END
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POSGRDJT

POSGRDJT computes the position of the intermediate joint in a special
joint combination called a "Gordy Joint." This position is selected to
satisfy a constraint on the three joints in this combination.

SUBROUTINE POSGRDJT

SETUP X2, .X3. Y3. AND 20 WITH COORDINATE RAXIS
VECTORS

COMPUTE COEPFICIENTS A, B. C AND D USING THESE
VECTORS
T D LESS THAN ZERO =
PRINT BDISCRIMINANT ERRORS :
PR NG CNULL)
T DENOMINATOR R = ZERO =
— OTH = 2 TIMES
DTH = PI ATAN ( (0—-8) //A)

ADD DTH TO DISPLACEMENT OF INTERMEDIARTE JOINT
COMPUTE NEW POSITION
DIRECTION OF RESULT IS WRONG ' =

>
SUBTRACT DTH BRCK OFF OF JOINT DISPLACEMENT
D DENOMINATOR A = ZERO Z
— DTH = 2 TIMES =
DTH = 0. O BTAN ( (~-D—8) /A =

RADD DTH TO JOINT DISPLRCEMENT

COMPUTE NEW POSITION
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2.3.18 JTPOS

JTPOS is an iterative routine for finding a set of joint angles corres-
ponding to a desired hand position and orientation. The error DPOS in
position is calculated and then ORERR is called to find the orientation
error and transform it into a rotation vector. This rotation vector is
combined with DPOS, giving DP. The Jacobian relating hand motion to
joint motion is computed and the set of six linear equations [J1(DTG) -
(DP) is solved for the joint updates DTH. This procedure is repeated
until the desired position is obtained.

SUBROUTINE JTPRPOS

INITIRLIZE TOLERANCES. LIMITS RAND
SCALING FRACTORS

COMPUTE POSITION ERROR DR

COMPUTE ORIENTARTION ERROR DPHI

TOTRL. POSITION ERROR NOT

T\ LESS THRN TOLERANCE F
CALL JRCoB TO EVRALURTE
JRCOBIAN

CRLL SLVLINZ TO COMPUTE
JOINT UPDRTES DTH

=
p—
ADD DTH TO CURRENT JOINT =
POSITIONS
EVALUATE NEW END-EFFECTOR
POSITION

DO UNTIL TOTRL POSITION ERROR LESS
THRN TOLERRNCE
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2.3.19 CVTIN

CVTIN transforms link inertia matrices from local coordinates into their
equivalent representation in world coordinates for use in dynamic analy-

sis.

SUBROQUTINE CVTIN

DO FOR ERCH RRM

DO FOR ERCH JOINT

PT = TRANSPOSE OF ROTARTION
MRTRIX (ROT) FOR JOINT

AINW = ROT TIMES RINMART TIMES PT-
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2.3.20 SPRGFOR

Subroutine SPRGFOR 1is called from FORCE when the manipulator end-

effector is modeled as a compliant entity. This routine calculates the
forces and torques at the end-effector reference point caused by its

having compliance.

SUBROUTINE SPRGFOR

CRLL MATMPY TO GET SPRING REF
POINT IN WORLD COOR

ADD WORLD ORIGIN TO END EFFECTOR
ORIGIN VECTOR

FIND DISTRNCE BETWEEN REF AND
" RCTURL LOCRTION )

T ROTATIONRL STIFFNESS INCLUDED

CRALL ORERR TO CARLC DELTAH
ORIENTAHRTION

NU J
CALL MATMPY TO CRLC RESULTING ¢ L
FORCES AND TORQUES

CRALC FORCES AND TORQUES DOUE TO
LINERR DISPL.ACEMENTS

FIND FORCES RAND TORQUES AT THE END
EFFECTOR REF POINT

RETURN

END




2.3.21

CNSTFOR

CNSTFOR 18 called from subroutine FORCE to compute the force on the end-
effector and the torque about the end-effector reference point attribut-
able to external constraints. These values are then added to the vari-

ables FEND and TEND.

SUBROUTINE CNSTFOR

COMPUTE F. FORCE ON END EFFECTOR
DUE TO CONSTRARINT

COMPUTE T. TORQUE RABOUT END
EFFECTOR REF POINT DOUuE TO
CONSTRARINT

ROOC F AND T TO FEND AND TEND

RETURN

END
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2.3.22 PTACC

PTACC computes the acceleration of any point in any link of either arm.
It uses the angular velocity and acceleration of the link to find the
acceleration of the point relative to the acceleration of the link's
origin and adds this to the acceleration of this link origin.

SUBROUTINE PTRCC

OMEGA = LINK ANGULARR VELOCITY

VEC = VECTOR FROM LINK ORIGIN TO
POINT
ALPHA = LINK ANGULAR ARCCELERRTION

WCV = OMEGA CROSS VEC

WCWCYV = OMEGAR CROSS WCV

ALCV = ALPHA CROSS VEC

RESULT = RLCV + WCWCV =+
ACCELERATION OF LINK ORIGIN
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2.3.23 POSSENS

POSSENS is called from subroutine CONTROL when one of the feedback con-
trol laws is being used to drive a response simulation run. This rou-
tine obtains the discrete representation of the actual joint positions
and also determines the actual joint velocities and accelerations.

SUBROUTINE POSSENS

DISCRETIZE JOINT POSITION DRTR.
STH

JOINT VELOCITIES. STHD =
(STH-0OLDSTH1) ~/ (TIME-SIGLAST)

JOINT RACCEL.. STHDD =
(STH—-2. O+«0OLDSTH1+0LDSTH2) /
(TIME-—-STIGLASTI) %2

OLDSTH2 = OLDSTH1
OLDSTH1 = STH
DO UNTIL NJ .EQ. NUMBER OF JOINTS
IN CURRENT ARM
RETURN
END
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2.3.24 SIMPRT

SIMPRT outputs the condensed or full data printout to file. It prints
the position, velocity, and acceleration data for the arm at the time

when called. If input flag IPRINT equals 2, a limited amount of infor-
mation is printed (only TH, THD, THDD, and TDR).

SUBROUTINE SIMPRT

DO FOR ERCH ARM OF ROBOTIC SYSTEM

WRITE CURRENT SIM. TIME

CONVERT THETR TERMS TO IT/0 UNITS
FOR ARALL JOINTS OF RRM

WRITE JT. ARNGLES. VEL.. RCCEL.
AND DRIVE TORQ.

h PTD CONTROL A
WRITE PID
VERIABLES (NUILL)

h FULL PRINTOUT OPTED 4

WRITE EFFECTIVE
INERTIA MATRIX

_ N
WRITE JOINT/ZLLINK (NUL-L
PRRAMETERS

RETURN

END
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2.3.25 SIMPLT : OF POOR QUALm

SIMPLT allows the user to write a plot file for output. The user is
asked to choose from among several different plot package options. The
chosen package determines which response simulation parameters are

written to the plot file.

Option 1, the BRIEF PLOT PACKAGE, writes joint angular displacements,
joint angular velocities, joint angular accelerations and drive torques.

Option 2, the END-EFFECTOR PLOT PACKAGE, writes end-effector transla-
tional position, force vector at the end-effector and torque vector at

the end-effector.

Option 3, the JOINT POSITIONS PLOT PACKAGE, writes translational joint
positions.

Option 4, the REACTION FORCES PLOT PACKAGE, writes force joint vectors
and torque joint vectors.

Option 5, the COMBINATION PLOT PACKAGE, writes all of the above-—joint
angular displacements, translational joint positions, joint angular
velocities, joint angular accelerations, force joint vectors, torque
joint vectors, drive torques, end-effector translational positiom, force
vector at the end-effector and torque vector at the end-effector.

Option 6, the PID CONTROL PLOT PACKAGE, writes amplifier voltages, joint
reference positions, joint position errors, end-effector reference posi-

tion and end-effector position error.

Option 7, the FORCE/TORQUE PLOT PACKAGE, writes amplifier voltages, re-
ference position, reference force, end-effector translational position,
force vector at the end-effector, torque vector at the end-effector,
error in position and error in force/torque.

SUBROUTINE SIMPLT

SET PLOT HERDER DRTRA RECODRDS FOR ERCH PLOT TYPE

SIM. AT START TIME =z

PROMPT FOR PLOT FILE TYPE TO WRITE

BRIEF PRCKAGE CHOSEN -

WRITE HEADER RECORD IF STRART TIME | INULL)

WRITE TIME, RANGLE. VEL.. ACC.. AND ORIVE TORGQ.

-

END—-EFFECTOR PRCKRGE CHOSEN - -

— LRITE HERDER RECORD IF START TIME (INULLD)

WAITE TIME. POS.. FORC,. AND TORG. AT END—EFFECTOR

-+

JOINT POSITION PACKAGE CHOSEN -

WRITE HEADER RECORD IF STRART TIME CNULL)
WRITE TIME. ANO JOINT POS. VECTORS

tT

WRITE TIME., PFORGC. AND TORGUES AT JOINTS

RERCTION FORCES PRCKRGE CHOSEN

WRITE HERDER RECORO IF STRRT TIME (INUL L)

-+

COMBINATION PRACKRGE CHOSEN

WRITE HEADER RECDRO IF START TIME (NULL)

WRITE TIME, AN ALL OF THE ABOVE PRARAMETERS

-+

PID CONTROL PRCKRGE CHOSEN e

WRITE HEADER RECDRD IF STRRT TIME

WATTE TIME, JOINT VOLTS.. REF, ANGLE ANDC JT. POS. ERRORS (NUL L)

WRITE TIME, END-EFFECTOR REF. POS.. POS. AND ROT. ERR.

<+

LN

FORCE/TORQUE CONTROL PRCKAGE CHOSEN s

WRITE HERADER RECORD IF START TIME

WRITE TIME. RND JOINT VOLTS. INUL L)

HRITR TIMK. AEF, POR.. RID°. FON, /7AR0T. VECT. » END=-GFT. POR /FOR, . MNO

RETURN

END
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-2+3.26 FORTOR

FORTOR is called from subroutine CNTRSIG if manual force/torque control
is used to drive a response simulation. This routine calculates the
joint position error vectors caused by the error in the position-
controlled components of end-effector motion.

SUBROUTINE FORTOR

POSITION ERROR VECTOR. ERPOS =
POSREF—-PQOS

REMOVE FORCE CONTROLLED COMPONENTS
FROM VECTOR ERPOS

T DOF . GE. 3

CALL ORERR TO DETERMINE THE
ORIENTRTION ERRCR VECTOR
REMOVE TORQUE CONTROLLED COMPONENTS
FROM ORIENTRATION ERROR VECTOR

COMBINE POS. AND OR. ERROR VECTORS
INTO THE VECTOR DELP

(NULL)

CRLL JRC0OB TO CARLCULRTE THE
JRCOBIARN

CALL SLVLINZ2 TO SOLVE FOR DELTAHR
JOINT POSITIONS

SET REFERENCE JOINT POSITIONS

RETURN

END
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2.3.27 FORREF

FORREF 1s called from subroutine CNTRSIG when manual force/torque con-
trol is used to drive a response simulation. Individual joint torque
error vectors are calculated from the end-effector force error and tor-

que error vectors.

SUBROUTINE FORREF

CRLCULATE END EFFECTOR FORCE ERROR
COMPONENTS

CALCULARTE END EFFECTOR TORQUE
ERROR COMPONENTS

STORE ERROR COMPONENTS IN VECTOR
DELFT

CRLCULLARTE REFERENCE FORCE /TORQUE
VECTOR

CRLL JRCOB TO DETERMINE THE -
JACOBIAN. RJRCOB

CARLCULRTE JOINT TORQUES., TORUJNT =
TORJNT—DELFT»+RJRARCOB

RETURN

END
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2.3.28 CMPCTRL

CMPCTRL is called from CNTRSIG when active compliance control is used
in a response simulation run. This subroutine first calculates end
position deltas (ref-actual), joint control torques, and joint torque
deltas (control-sensed). The thetas are put through a derivative con-
trol block to get joint torques. The joint torque deltas are put
through a lead-lag filter in parallel with an integrating control block.
The joint control torques are summed with the other processed signals
to get a total joint torque. This is then converted to motor amplifier
input voltages.

SUBROUTINE CMPCTRL

SET TVCVT. JOINT TORQUE TO VOLTS
. CONVERSIGON FRCTOR
CALL JACOB TO CARLCULRTE THE JRACOBIRAN.
RJRACOB
DETERMINE RJTRANS. THE TRANSPOSE OF THE
JACOBIRN
cCALL MATMPY TO FIND TOR. THE INPUT
TORQUES
CRLL MARTMPY TO FIND TBIRS. THE BIARAS
TORQUES
JOINT CONTROL TORQUES. TCTRL = TOR =+
TBIARS
DETERMINE TSENS., SENSED FORCES RND
TORQUES
TORQUE DELTAS. DELTOR = TCTRL =+ TSENS
CALCULARTE RJTORQ. JOINT ACTURTOR DRIVE
TORQUES
CONVERT JOINT TORQUES TO INPUT VOLTRGES
RETURN
END
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2.3.29 PIDCON

Subroutine PIDCON is called from CONTROL when a control law is used to
drive a response simulation run. The routine takes the vector of joint
position errors and, simulating a PID control loop, calculates joint

actuator voltages.

SUBROUTINE PIDCON

SET JOINT ACTUATOR TORQUE TO VOLTS
CONVERSION FRCTOR

CRALCULRTE JOINT POSITION ERROR.
DELTH = THREF — STH

CRLCULARTE ERRINT. THE ERROR
INTEGRAL

CARLCULATE RJTORQ. JOINT RARCTURTOR
TORQUES

CONVERT RCTURTOR TORQUES TO
VOLTAGES

RETURN

END
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2.3.30 PIDFOR

Subroutine PIDFOR is called from CONTROL when force/torque control is
being used to drive a response simulation run. This routine calculates

the joint actuator voltages caused by the force-controlled components
of manipulator motiom.

SUBROUTINE PIDFOR

COMPUTE TVCVT. JOINT ACTURTOR
TORGQUE TO VOLTS CONVERSION FRCTOR

COMPUTE FERRINT. FORCE ERROR
INTEGRRAL

CRALCULATE RJTORQ. JOINT RCTURTOR
TORQUES

CONVERT JOINT RACTURTOR TORQUES TO
VOLTARGES

RETURN

END
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2.3.31 EFINRT2

EFINRT2 computes the effective inertia matrix (in joint coordinates) for
a manipulator. The effective inertia matrix is an NxN matrix that gives
the joint torques attributable to joint accelerations. The (m,n) term
corresponds to joints m and n and depends on the mass of the arm from
link n to the end-effector so the program evaluates composite masses,
centroids and inertia distributions for these “composite masses.” Each
term of the effective inertia matrix is then evaluated as a combination
of dot products and cross-products among the joint axis directions and
locations and the mass parameters of the composite links (see Study Re-

sults volume).

SUBROUTINE EFINRTZ2

INITIALIZE TOTM, TOTIN AND TMCG (TOTAL MRSS,
INERTIAR ANDO MARSS TIMES CG LU

DO FOR N = [ RAST LINK TO FIRST
TOTM = TOTM -+ MASS OF LINK N
FIND NEW COMPCSITE CENTROID BY RDDING PROPERTIES OF LINK N

FIND NEW COMPQOSITE INERTIAR MARTRIX

-+ N NOT EQURL BRSE =
T N IS R REVOLUTE JOINT =
DO FOR RALL JOINTS M DO FOR ALL
FROM N TO BRSE JOINTS M
M IS (R FROM N TO
REVOLUTE BARSE
T JOINT F =
FIND ROTATIONAL EFFECTIVE EF'I:‘E%:_II\;E =
ErrECTIVE INERTLIR COMPONENT =
INERTIA COMPONENT M. Nl = ZEERO
COMPONENT (M. N (M. NJ = ZERQO
DO FOR ALL JOINTS M FROM N TO BRSE
FIND TRANSLATIONAL CONTRIBUTION TO
EFFECTIVE INERTIA COMPONENT M. NIl AND
EFFECTIVE INERTIA TERM (N. M) = TERM M. N)
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2.3.32 NLINK

Subroutine NLINK is called from DERIV during response simulation to
compute the base accelerations BASACC, BASOMD and joint accelerations
THDD. It sets the joint accelerations to zero, the base accelerations
to zero if moving base is simulated. The requirement analysis is used
to compute effective joint torques. If moving base is simulated,
BDRTORQ is called to input base driving torques and the base accelera-
tion torques are calculated and DRTORQ is called to find the joint
driving torques. EFINRT is called to compute the effective inertias.
If moving base is simulated, SLVMBAS is called to solve for base and
joint accelerations. If dual arm control, SLV2ARM is called to compute

joint accelerations. Otherwise SLVTHDD is called to solve for joint
accelerations.

B-156




Rev A, October 1985

ONZ=
NAN.L3Y
SNOILLUHITIIAIOY o SNOTIT LEHIAIZIODOY

1 HOSd IATI0S 0L CONHLATS gD o ) "1l aONg 3syHg HOA

—— IANTIOS Ol sSHaWAIsS 11gd
0 ar ﬁomﬂutmuﬁg ﬁhﬁﬂ FANENOD |
Tt
.u.Hhmmmmowz“mﬁdu_umomHMMMMzou m STANENT Mol B
WHE NI ~Lr HJO-g3 Hod4 0oad % NHH NI “Lr
43 Od 0da
WaHE HOe3 4904 oal = H = T
- - l—l

T "03 "3004dI HJOU3 H0Od 0d
T "WIsSsSSHYT "ONd "1 D3 "SHIGAQWI N

HILHEHINT SINTLIIHHd3 ILNdWOD Ol LENIT 43 17-d0

W/ *Ar HOWUE HOd “HWOL “10H — "HOL SAIHO 689 3N0NHOL NOILUYITIEIDY 3ILNdHWoD

SUHAN=SHa> "TLLNN o0
C17IMN) S3AJOLS ONY S3INOHO.L  "20d 3Isua IALNDWOD L

T O3 "WIsSsUEl "ONd "1 03 "SUaAO0ONWTI =~

SINOHO.L SONIAIHO 3LNdWNOId Ol odHoldd 171-g3d

SIANDHOL 3ATILIDIHH43 IlNdWO3 OL WUEHNAO 171-dD

(TION)

SAMNINL ONY SINOHOL
SADMOL ON SANDH0OL  AS0S EH— gmgohgﬁx_éu

=B
mm 12 1 "O3 "O41SHaT S

SHUEN=GHEX 1T.LNN OO
SNOTLUHAIZ0OY IevE Oua= 1
I "D ‘WIssUaT &

I "03 "sS"UdAONWI . S

SAJHOA NOI.LIOGIE LNIUHLSNOO ONYH S3INIHA  "00dY "aINKd O-3I=

SAINITUHILSNOD IATIOH-NI~93d SIUATILIY 0Ol HIJAILIY 1Y

SINITING INI LNOodgans

B-156a




2.3.33 SIMIMT

SIMIMT is called by DERIV and first checks the joint displacements
against their limits. If any limits are exceeded, the joint position
is set to that limit and the joint rate and acceleration are limited to
zero. Similarly, the rate limits are checked and if any are exceeded,
the corresponding rate is set to that limit and the acceleration is
bounded by zero. IMOD is set if any positions or rates are modified.

SUBROUTINE SIMLMT

IMOD = O

DO FOR ERCH ARM
0O FOR ERCH JOINT N
N\ YOINT DISPLRACEMENT EXCEEDS UPPER BOUND -

SET OISPLACEMENT TO UPPER BOUND
LIMIT VELOCITY ANG ACCELARATION TO LESS THAN OR KR TO WO (INUL L)

IMOD = 1
N\ YOBINT OISPLACEMENT EXCEEDS LOWER BOUND =

SET DISPLACEMENT TO LOWER BOUND
LSMIT VELOGITY AND ACCELEMATION TG GRENTER THAN OR EGUAL TO (NUL L]
SERO

IMOO = 1
JOINT RATE EXCEEDS UPPER BOUND =

SET RATE TO UPPER BOUND
LIMIT ACCELERATION TO LESS THAN CR EQUAL TO CNULL)

IMCD = 1
A\ YUOINT RARTE EXCEEDS LOWER BOUND =

SET RATE TO LOWER BOUND

LIMIT RCCELERATION TO GRERTER
THAN OR EQURL TO ZERC

IMOD = 1

T

(NULL)
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2.3.34 STOPFR

Subroutine STOPFR is called from INTGRT to simulate static friction in
the joints during a response simulation run. If the joint velocity at
the previous time step is not equal to zero and the sign is the opposite
of the sign of the current time step, the current velocity and position
delta are set to zero. If moving base is simulated, assume no friction
at the base joints.
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2.3.35 ACTIVPIH

ACTIVPIH sets up the flags and variables activating a peg-in-hole con-
straint if such a constraint is included. It sets up four point con-

straints--two each (in orthogonal directions) at the top of the hole

and at the tip of the peg.

SUBROUTINE ARCTIVRPIH

DO FOR EACH RRM

1T

IPTH NOT EQURL ZERO

PUT TOOL REFERENCE POINT LOCRTION INTO PEGLOC

PUT MINUS) HOLE-AXIS DIRECTION INTO PEGOIR

DEL1 EQUARLS UNIT VECTOR ALONG X-AXIS CROSS
PEGDIR

T MAGNITUDE OF DEL1 NERR ZERO

DEL1 = UNIT VECTOR
ALONG Y—-AXIS NORMRLIZE DEL1

DELZ2 = UNIT VECTOR OEL2 = DEL1 CROSS
ALONG Z—AXIS PEGDIR

INITIRLIZE FLRGS FOR <4
DOUBLE-SIDED POINT CONSTRAINTS

POINT 1 AT PEG TIP PLUS HOLE
RADIUS RLONG DEL1

POINT 1 RT PEG TIP PLUS HOLE
RADIUS ALONG DEL.2

POINT 1 AT HOLE ENTRANCE PLUS
HOLE RADIUS ALONG DEL1

POINT 1 AT HOLE ENTRRARNCE PLUS
HOLE RRARDIUS ALONG DELZ2

(NULL)
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2.3.36 DRTORQ

The DRTORQ routine calculates the torque output from each joint motor
by using a control algorithm strategy or reading them from a file. The
calculations are based on the torque constant for each joint and the

armature currente.

SUBROUTINE DRTORG

T REARD TORQUE FLAG. ITORQ. =

T TIME .GE, NEXT TIME AT WHICH TO READ TORGQUE FILE

READ TIME FROM TORQUE FILE INTO TNEXT
KARM = O
INCREMENT KRRM

TOMR. LT TORCAAD « TOMN NEXT TORGUES PFOR ER0- JT.
“mmmmm'o_”mmmm

DO UNTIL. KARM = NRRM

(NULL)

CALCULATE
JOINT

CRLL LININT TO COMPUTE NEW TORQUE CONTROL
SIGNAL. TIME COEFFS.

KRRM = O

INCREMENT KRRM

N = O

CALCULATE
CURRENT, I, FOR{VOLTAGE FOR ERCH

CALL CALCT TO | CALL LDTHET T0
EACH JOINT

INCREMENT N

TOR (N, KRARM] , DRIVING TORQUE =
INTERPCLATION BETWEEN TORL ANDO TORN

DO UNTIL N = NUMBER OF JOINTS IN KARM

DO UNTIL KARM = NARM

]

CALCULATE DRIVING
TORQUE AT EACH JT.
(TORQUE
CONSTANT «CURRENT)

RETURN

END
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2.3.37 EFINRT
EFINRT computes the effective inertia matrix for a system containing
one or more arms on fixed or moving bases. The effective inertia ma-

trix PHI gives the base torques, forces and joint torques attributable
to base and joints accelerations. The dimension of PHI is (ND, ND)

NARM
where ND = (6 * NBAS) + %gi NJ(I)
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SLVTHDD solves for unknown joint accelera 9053 qg&wﬁ%traint reaction
forces for a given arm state and joint driving forces. All zero-
velocity joints are assumed to have zero acceleration. If the friction
forces needed to produce zero acceleration are greater than the static
friction force, the acceleration is assumed finite and the equations are
re-solved. Similarly, the constraints are assumed active and if the re-
sulting constraint force is in the wrong direction the constraint be-
comes inactive and the equations are re-solved. This process is re-
peated until all conditions on the friction forces and constraints are

satisfied.

SUBROUTINE SLVTHDD

Do

FOR EARCH JOINT

4

JOLINT RATE = ZERD AND STATIC PRICTION NONZERQ 4

FLEV = TRUE I FLEV = FRLSE

INITIALIZE FLEA = FLEV

NO CONSTRAINTS OR ZERO-VELQCITY JOINTS EXIST 4

CALL SOLVE TO SOLVE FOR JOINT ACCELERATIONS

CRALL JRCOB TO EVARLURTE THE JACOBIAN

SETUP PHIT WITH COEFFICIENTS FOR NONPERO RACCELERATION TERMS

TTEMP = TEFF

T CONSTRAINTS EXIST

SOLVE FOR UNKNOWN ACCELERATIONS AND CONSTRAINT REARCTION FORCES

D0 FOR ERACH CONSTRAINT FORCE

S CONSTRAINT ACTIVE ANO FORCE HAS TIMPROPER SIGN 2

[ MAKE CONSTRAINT INRCTIVE INULL)

[T~ CONSTRAINT INACTIVE AND ACCELERATION HAS IMPROPER SIGN -
MARKE CONSTRAINT ACTIVE | INULL3

~\ ALL CONSTRAINT CONDITIONS SATISFIED

COMPUTE FRICTION TORGUES AT JOINTS WHERE FLEA = TRUE
DO FOR ALL JOINTS FOR WHICH FLZV = TRUE
T RCCELERARTION IS NONZERQ = =
FeTCTION FRICTION FORCE EXCEEDS —=-'
T FORCE IN S - T FRICTION COEFFICIENT = =
SET FALSE =
FLEA = | (NULL) (= amarrees s =

DO UNTIL ALL FORCE AND CONSTRAINT CONDITIONS SATISFIED
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2.3.39 LININT

Subroutine LININT is called to set up the coefficient for performing
linear interpolation between two vectors.

SUBROUTINE LININT

FIRST VALUE OF
INDEPENDENT
VARIABLE EQUALS

T+ SECOND VALUE -
CF1= (COEFFICIENT CF2 = (CURRENT
VALUE OF IND.
FOR FIRST
VECTOR) EQUARLS VAR. — FIRST
ZERO) VALUE) ~/ (SECOND
VALUE — FIRST)
CF2 EQUALS ONE CF1 = 1.0 — CF2
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2.3.40 LDVOLT

Subroutine LDVOLT is called from DRTORQ when a file of actuator voltages
is to be read in and used to drive a response simulation rum.
correct time the routine reads time and voltage from an existing file.
LININT is called to interpolate the best voltage for the current simu-
lation time. The control voltage is then calculated from this.

SUBROUTINE LDVOLT

At the

T IRODCNTL . EQ. 1

CORRECT TIME TO RERD NEW
T DRTAH

RERAD IN TIME

RERD HARDWARRE
VOLTARGES

DO UNTIL N .EQ. NUMBER
OF JOINTS

DO UNTIL KARM . EQ.
NUMBER OF RRMS

(NULL)

CALL LININT TO INTERPOLATE DARTA FOR
CURRENT SIMULRARTION TIME

CALCULARTE SIMULRTION CONTROL
VOLTARAGES

(NULL)

RETURN

END
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2.3.41 CALCI

The CALCI subroutine calculates the amplifier current values for each
of the joints in the system given the motor parameter values and the

state velocity.

SUBROUTINE CRLCI

KARM, ARM COUNTER = O

INCREMENT KRARRM

N, JWJOINT COUNTER = O

ARMRTURE I (N, KARM] = (RAMP
GRIN»VOLTRAGE - BRCK
EMF»JdT. VEL. ] /ARM RES.

DO UNTIL N = NUMBER OF JOINTS
FOR KRRM

DO UNTIL KARM = NARM, TOTARL NUMBER
OF ARMS

RETURN

ENDO
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2.3.42 SOLVE

SOLVE is used to solve a set of N linear equations in N unknowns. It
sets up an identity-augmenting matrix, calls GAUSS to invert the origi-
nal matrix and then multiplies this inverse times the right-hand side
of the equations to obtain the resulting solutiom.

SUBROUTINE SOLVE

PUT ORIGINAL MATRIX INTO C

FORM IDENTITY RUGMENTING MARTRIX IN
AUG

CALL GAUSS TO PERFORM ELIMINATION.
PUTTING INVERSE OF C INTO RUG

MULTIPLY AUG BY RIGHT—HAND-SIDE OF
ORIGINAL EQUATIONS TO GET X
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2.3.43 GAUSS

GAUSS performs Gauss-Jordan elimination with partial pivoting on an aug-
mented matrix system to reduce the system to row—echelon form durmg the
matrix inversion process. The largest value remaining in a column is
used as the pivot value for that column during reductionm.

SUBROUTINE GRUSS

STRART WITH ORIGINRL MRTRIX IN A AND
IDENTITY RUGMENTING MATRIX B

00 FOR EARCH COLUMN T

FIND ROW J WITH LARGEST VALUE A (J. I)

A\ MAGNITUDE A (J. T NOT EQUAL ZERO ' =

00 FOR ERCH PREVIOUSLY REDUCED ROW

REDUCE COLUMN T OF A TO ZERO
PERFORM SAME ROW OPERATIONS ON B

DO FOR ERCH ROW NOT YET REDUCED

REDUCE COLUMN I OF R TO ZERO

PERFORM SAME ROW OPERATIONS ON B

REDUCE PIVOT ROW OF R TO
STRRT WITH 1

PERFORM SAME OPERRTION ON B

(NULL)

MOVE PIVOT ROW UP TO ROW T
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2.3.44 BASINIT

Subroutine BASINIT is called from BCNTRLR at the beginning of each new
base motion people segment. The coefficients of the polynomials defin-

ing the base rates or the desired positions and orientations are read
from the base motion profile.
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2.3.45 BRCNTRL

Subroutine BRCNTRL is called from BCNIRLR when rate control of the base
is specified. The rate polynomials are used to calculate the base

translational and angular velocities. The base positions, orientations
and accelerations are calculated from the velocities.
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2.3.46 BPCNTRL

Subroutine BPCNTRL is called from BCNIRLR when position control of the

base is to be used. The rate profile is used to calculate the base po-
sitions, velocities and accelerations.
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2.3.47 TRACKING

Subroutine TRACKING is called from CNTRLR when sensor control of end-
effector motion is chosen by the user. This simulates tracking of a
target by a video device mounted on a manipulator end-effector.
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2.3.48 INITTAR

Rev A, October 1985

Subroutine INITTAR is called from TRACKING to obtain the coordinates of

the target corner points.
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2.3.49 ANGLES

Subroutine ANGLES is called from TRACKING to calculate the Euler angles
given a direction cosine matrix.

B-167k




Rev A, October 1985

aN3

NSN3
I19NE ONIMS
NN 40 N9IS =[ONUHD
od3zZ "1 €Ty Y <
H199NdEH NdEd
NN 40 NOTIS ZaNUHI
OY3IZ 19 (I ‘=) <

J19NY LT L
3H1L WOoYHd 3JM9ONY 9NIMS 3JHL 31-d71MO71g03

J19NG LT L
dHL WOodHdd I 19ON-E N-Ed 3IHL 31U 1NO71"0

H XTHLUHW 3NITSOID NOI1LI33-JHdTAd 40 (2 2D
AINGWI 1T WOoHd 3JATI9ONGY 1711 I1-UIN371-"g0

O "1— 490 O -1
CTINND OL JANIWIT L3S
O "1 19 - XTolowW n

H dO IN3IW3I 13 NG dJ0 JAdNLINS9OGWW

SITIONY INTIT LNodgGnNs

B-1671




Rev A, October 1985
2.3.50 NEWFRAME

Subroutine NEWFRAME is called from TRACKING to obtain the coordinates
of a three-dimensional vector in a new coordinate system.
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2.3.51 PERSPECT

Subroutine PERSPECT is called from TRACKING to calculate the perspec-
tive projection of a three-dimensional vector. The result is a two-
dimensional vector.
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2.3.52 HARALICKR

Subroutine HARALICKER is called from TRACKING and calculates the point-
ing angles of a camera relative to a rectangular target, based on the
perspective projection of the four corners of the rectangle.
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2.3.53 BDRTORQ

Subroutine BDRTORQ reads base torques and forces from a file and com-
putes new torques and forces by linear interpolation.
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2.3.54 SLVMBAS

Subroutine SLVMBAS solves for base and joint accelerations for a given
arm state and driving forces.
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2.4.1 SLVLIN2

SLVLIN2 finds an optimal solution X to a linear set of equations AX = B
where the magnitude of each component of X is bounded -XLIM(N)K = X(N)
<= XLIM(N). The program first sets up matrices D, which forms an ortho-
gonal basis for the reachable space of A, and C, which provides the con-
version from D space to AH space. The matrix AN is also set up; it con-
tains vectors in the null space of H along with the initial solution VH
and is used as the tableau for linear programming. Once an initial so-
lution is found, linear programming by a modification of the Simplex me-
thod is performed; the magnitude of the result is maximized subject to
the constraints on X. This solution is then scaled to give the final
solution.

SUBROUTINE SLVLINZ2
SCALE COLUMNS OF A (GIVING AH) SO THAT LIMITS ON X ARE +——ONE

PUT FIRST COLUMN OF AH INTO O

D0 FOR ERCH REMARINING COLUMN OF AH
SUBTRACT COMPONENTS OF COLUMN ALONG COLUMNS OF D
N _RESULTING COLUMN VECTOR IS NOT ZERC

MAKE RESULTING COLUMN NEXT COLUMN OF D PUT COLUMN

INTO NULL
FORM NEXT COLUMN OF C MARTRIX SPARCE MATRIX RN

USE DO AND C TO SOLVE LINEARR EQURTIONS
T EQUARTIONS SOLVED EXRCTLY

IAPR = O IAPR = 1
NULL SPRCE EXISTS RND B NOT IN THAT
T SPRCE
GENERRTE INITIARL BRSIC
FEASIBLE SOLUTION
DO WHILE FURTHER OPTIMIZ/RTION
IS POSSIBLE
CRLL REPCOL TO FURTHER
QP TIMIZE

SCRLE RESULTS ((USING XLIM) TO GET FINAL
SOLUTION

1

SCALE
SOLUTION

LIMITS ARE
lNOT EXCEEDED

SUCH THAT
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2.4.2 REPCOL

REPCOL replaces column ICOL of matrix A where A represents the tableau
for a linear programming problem, X represents the variables, and the
limits on each variable are plus or minus one., REPCOL first finds the
largest allowable change in the free variable (the variable that corres-
ponds to the column being replaced), and the new constraint variable
that limits this change. The solution is updated and tableau A is modi-
fied to reflect this change of constraint variables.

SUBROUTINE REPCOL

FIND WHETHER TO INCREASE OR DECRERSE
VARIABLE CORRESPONDOING TO ICOL

FIND ROW (IROW WHICH RLLOWS
SMALLEST CHANGE IN THRT VRARRIABLE

UPDATE X VECTOR TO REFLECT THAT
CHRNGE OF VALUE

DO FOR ERCH ROW N OF A

AR (N. ITCOL) =
AR (N, ICOL) /R (IROW. ICOL)

OO FOR ERCH COLUMN I EXCEPT ICOL

DS FOR ERCH ROW N

AN I = R NI} -
A (N. ICOL) +~A (TROW. I
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2.4.3 ORERR

Subroutine ORERR is used to find the change in orientation between two
coordinate systems. The error in orientation is computed and then
transformed into a rotation (magnitude less than pi) about a unique
rotation axis. This axis is computed as the cross-product of two of
the columns of DOR, and the rotation angle PH is computed by (COS(PH)=
1+.5%(X.DX+Y.DY+2.DZ), where X.DX is the dot product of the X column of
ROR with the X column of DOR, etc.

SUBROUTINE ORERR

ETND MAGNITUDE OF ORIENTATION
CHANGE FOR ERCH COORDINATE AXIS

DETERMINE WHICH AXIS CHRNGES 1'F4éi
MOST

CeLL CRPO AND COMPUTE DOoPHI,. A
STNGLE RAXIS OF ROTARTION

COMPUTE PH. THE RNGLE OF ROTARTON
ABOUT DDOPHI

RETURN

END
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2.4.4 OUTUN

QUTUN is a function that converts a value from internal (metric) units
to the user-specified input/output units by dividing by a conversion

factor.

FUNCTION OUTUN

CONVERT R VRLUE FROM INTERNRL TO
I/0 UNITS USING OUTUN =VAL/7CONUNIT

RETURN

END
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2.4,5 ICVTATID

ICVTATD is a functiom that returns a digitized number when given a real
value. 1If the value is outside an allowable minimum or maximum, it 1is
set equal to the appropriate limit. The digitized number is then com=
puted using the following relation:

B = _ (VAL - VALMIN) * (2MBI’1‘S - 2(NBI’1‘S—1)>
(VALMAX - VALMIN)

where

NBITS = number of bits available for digitized value,
VALMIN = minimum allowable value for VAL,

VALMAX = maximum allowable value for VAL,

VAL = output value.

ICVTATD, the digitized number, is set equal to the closest integer to B.

FUNCTION ICVTRTD

vAL (ANALOG VALUE) .LT.

T VALMIN (MINIMUM ALLOWED) F
VAL = VALMIN (NULL)
VAL .GT. VALMAX MAXIMUM
T ALLOWED) | =
VAL = VALMAX (NULL)
A = (VAL—VALMIN) / (VALMAX—VALMIN)

B = A#24eNBITS—2%% (NBITS—1)

TCVTATD = CLOSEST INTEGER TO B

RETURN

END
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2.4.6 BORERR

Subroutine BORERR is used to find the change in orientation between two
coordinate systems. The error in orientation is computed and then
transformed into a rotation (magnitude less than pi) about a rotation
axis referenced to the base coordinate system. -
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The program POSTDRVR is the postprocessing function driver.

PAGE IS
QUALITY

The Postprocessing Function

The fol-

lowing set of routine functional descriptions and VCLRs (visual control logic
representations) are the modules found in the postprocessor function of -ROBSIM.

3.0 -
POSTDRVR
110 | 112 | 311 | 312 | 313 |
SETLU LBR—HELP SIMOTION HDWMOTIN ROBPLT
211 | 1.211 | 224 | 2.3.3 2.1.1 l 1.2.1 2.2.11] 3.2.3 l— 3.24 | 3.25 3.2.6 ] |
DI13000
RDSYS SETUP GRAFIX RELEAS RDSYS SETUP ESPAUS MINMAX AXES SCAL TICMRK Plot Routines
— ERRMSG 232 — MATMPY 2.2.11 — ERRMSG 3.2.2 — E&S Routines — E&S Routines — E&S Routines
GRASP ESPAUS POSTGRAF
1.2.12
1.3.14 — E&S Routines 1.3.6 1.3.20—7T Y
SETUP2 DIALS DATOUT E&S Graphics
SATRIPY ADDMAS ESPAUS 2.2.11 ‘ Routines
[-ma 3.2 —E&S Routines ~E&S Routines
1308 | 145 | 1319 | 1395 | — E&S Routines 1.3.21 1,213
LOTHET FORM HARD—~COP
BASPUT CETM JACOB ADDMAS2 -
2339 | E&S Routines
~ MATMPY :
1“.4.7 | 1316 | LININT 146 |
CRPD RCICR LOGO
1.2.12 — E&S Routines
3.20
136 [ 1.3.21 13 I 1 SETUP2
E&S Graphics
DIALS FORM DATOUT Routines T MATMPY
: — E&S Routines — E&S Routines 318 | 145 1.3.19 ]
— E&S Routines 14.6 i 1.2.13
BASPUT QETM JACOB
LOGO HARD-COP
— MATMPY
— E&S Routines 1.4.5
CRPD

Figure B-9.- Functional block diagram for POSTDRVR.

FGLDOUY FHNRE

2 FabouT Frigiz
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TAble B-VII. - PROGRAMS EMPLOYED IN POSTDRVR

w
o

POSTDRVR

SIMOTION
HDWMOTIN
ROBPLT

w W W
e
wN

LDTHET
POSTGRAF
MINMAX
AXES
SCAL
TICMRK

wWwWwwLw

PN
oaown W
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3.0 POSTDRVR

The program POSTDRVR is the postprocessing function driver.
in an interactive mode, prompting the user for the postprocessing option
replay robotic system simulation motion, replay simulation
versus hardware motion, parameter versus parameter plots, or terminate
For simulation replay, option 1, subroutine

desired:

POSTDRVR execution.

SIMOTION, 1s called.
corresponding simulation motion through subroutine HDWMOTIN.

3 is selected, ROBPLT plots any of the data computed and written to one

ORIGINAL F:07 io
OF POOR QUALITY

Option 2 provides a comparison of hardware and the
If option

of the seven types of plot file packages during the requirements or
simulation analysis tools functious.

PROGRARM POSTDRVR

SET PROCESSOR MODE = 3.

FOR POST PROCESSING

SET ERRCOR CODE = O

CALL SETLW TO SET PROGRAM DEFARAULT LOGICAL UNIT NUMBERS

PROMPT USER FOR OPERARTION MODBE.

IMODE

RERD USER RESPONSE

IMODE =

sS11

DO CRSE ON CPERARTION MODOE

It operates

T

v

o 2

= E;

s o pocARsE

=

et

S =

e = IMODE IMODE IMQODE

r = - ] - 2 - 3

c=

a —

— = SIMOTIIEN. "‘Q“SC’T:N' CRLL ROBeLT. WRITE

—_ = HARDWARE PAREETER VS.

— & |sT™M. MOTION Ve, CaTM. o o E—ETER ERROR

&S ROUTINE meaTIoN OTTING MOLE IMESSRGE
Do UNTIL OPERATION MODE DESIRED IS TO TERMINATE POSTORVR
EXECUTION

STORP
END
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3.1.1 SIMOTION

SIMOTION is called during the postprocessing function to provide a re-
play of the robotic system motion produced during a previous run of the
requirements or simulation phase of the analysis tools function. It
opens the chosen robotic system geometry file and simulation output file
for each graphics replay, and calls GRAFIX with the displacements at
each time step to update the system motion display.
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3.1.2 HDWMOTIN

HDWMOTIN is called during the postprocessing function to provide a re-
play of the robotic system motion produced during the requirements/simu-
lation analysis tools functions versus the actual motion that occurred
during the corresponding hardware run. It opens the chosen system geo-
metry file, simulation output file for graphics replay and hardware file
containing recorded joint theta values. It calls POSTGRAF with the
hardware and simulation displacements at each time step to update the

system motion display.
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3.1.3 ROBPLT

The ROBPLT subroutine plots the contents of one of several choices for

plot package formats on a Hewlett-Packard X-Y plotter or a VAX VT125
graphics terminal. It uses exclusively the DI3000 plot package.
ROBPLT requests the user to select the appropriate one of seven plot

file types that was written at the user's discretion during the require-
package, the

ments or simulation analysis tools functions: the brief

end-effector package, the joint positions package, the reaction forces
package, a combination of the above four packages, the PID control pack-

age or the force/torque control package.

SUBROUTINE ROBPLT

e A TN A S
_f__;m_;._fmr
D DR DPURIWE SRS IS Ha. L)
e
T em—
e 2 SE—
-
S A . LT LT, _ . —m—
YRR SUR MDA 1 X 71 X =1 [ 1 PER RSV
SRDOY PO LY D s
3
ARV VINRIA. L. 4
_—_ A T T K
[ — x v _

REMD PLOT — =
RECORD INTO = m— ——
DUMMY MMy S = . - -
N, Dt CEANTEL « O
L

]
i
i
§
g

A PLOT
RECORD
NTO DUNHY
VS
!

\!ii
,.
é%
!2
|

T ;s
i
L
ki
I

L
!
’& |
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The LDTHET routine loads the theta values for each joint from direct
read of the hardware control theta values file. It is called from
HDWMOTIN during the postprocessing function for each simulation time

step. There is a limit of one theta signal value for each joint that
can be read.

3.2.1 LDTHET

SUBROUTINE LDTHET
N RERAD THETAH FLAG. IRDOTHET. .NE. 1 =
T\ TIME . GE. NEXT TIME AT WHICH TO RERO THETA FILE =

RESES TIME FROM HRRDWRARE THETR FILE INTO TNEXT

KARRM = O
INCREMENT KRRM

mwm-mmmmw.ﬁ.

mmmmmmmmmm.ﬂ.

DO UNTIL KARM = NARM
AL LININT TO COMPUTE NEW THETR CONTROL SIGNAL TIME
CoErFS, .

KARM = O
INCREMENT KRARM
N = O

INCREMENT N
TH OG KPRM) » THETR = INTERPOLATION BETWEEN THETL
ANG THETN

(NULL)

CALL THETA CALCULATION ROUTINE

DO UNTIL N = NUMBER OF JOINTS IN KRARRM

OO UNTIL KARM = NRARM

RETURN
END
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3.2.2

Rev A, October 1985

POSTGRAF

Subroutine POSTGRAF provides the motion graphics capability in the post~
processing function for HDWMOTIN, a replay of the simulation motion ver-
sus actual hardware motion. The value of the difference in the simula-
tion and hardware thetas is displayed, along with the environment, ro-
botic arms, targets and load objects.
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MINMAX searches the postprocessor plot file for the maximum and minimum
values to be used in scaling the axes of the plot. The x and y minimums

l 3.2.3 MINMAX
and maximums are found for all parameters the user chooses for plotting.

SUBROUTINE MINMAX

KOLINT = O

INCREMENT KOLNT
AELIING PLOT OFTA FILE

READ HEACER INFORMATION CONTAINING IPLC (TYPE PLOTI . NORMe N

SET LENGTH OF HEROER BRSED ON IPLC
RERD HERDER TEXT OESCRIBING PLOT FILE PRERMETERS

KOUNT = 1 =z

] TER N LO0s AR SRED O TRE

Y CHOBEN TG M OT . OR.  NJUNT. Nl JT. CHOBEN TO SLOT
ARAD RECORD INTG X MND Y VALLES TG ML OT FPOR NG AWSUMaE TER

i 00 FOR SACH SARAMETER ON_ RECORD _ 0WLT —

NEL.T = PRARAMETER O-HOSEN 10 PLOT r3

; GET X MIN D WK WILLIED TO X AEAD FRGe FIL.E I
-rv-n.-wuinvu-.n NS M PR ] E'\]l—]l—l—-J
KPRM. ARM COUNTER. = O

SET START AND STOP PERIMETERS FOR NJNT LOOP SERD SMSED ON IFLC

NoNT = START RECORD FOR TYPE OF PLOT FILE

PN FOVEL NI, A4 CHOBEN TO BLOT .OR NUNT. NE. JT. CHOBEN TO PLOT -

|

(NULL)

GERD ALOT
RECORD INTQ

00 UNTIL NPLT = NUMBER OF PRREMETERS ON RECORD
00 UNTIL NJNT = NUMBER OF RECORDS FOR KARM
D0 UNTIL KARM = TOTRL NUMBER OF ARMS IN ROBOTIC SYSTEM

00 UNTIL. END OF PLOT FILE

80 UNTIL KOUNT = TOTAL NUMBER OF CLAVES T0 BE PLOTTED
C X" X - __ X' X N A X

P— <>l_1 MERD ARCORD INTO X ANG Y VELLUIES TO MLOT FOR EACH SESYIMETER
= = E[NPLT = START PARAMETER ON RECORD
= : == INCREMENT NPLT
5 > N NPLT = PARAMETER CHOSEN TO PLOT |

1

EC_ W XN N XX -

WY _rewwe T W O O0NE TH A GESEVIVE GOl [ =y 1

L X RN EX] . ——

WY VDS TE A VRV POE VOORR VD Ol rASRN =} .
e e 0 D TUNEVEVG SOUie rASGEN ———

1

_ oD |
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3.2.4 AXES

Subroutine AXES draws the x and y axes for a plot during the x-y
plotting option of the postprocessor.

SUBROUTINE RAXES

MIN AND MAX ZERO CROSSING CHECK FLAGS = O

XMIN VALUE = O

T
X MIN ZERC CROSSING FLAG = 1 1 INULL)
* XMAX VALUE = O
X MAX ZERC CROSSING FLAG = 1 i (NULL)
S YMIN VALUE = O
Y MIN ZERC CROSSING FLAG = 1 | INULLI
T YMAX VALUE = O
Y MAX BERO CROSSING FLAG = 1 i (INULL3
< Y MIN ZERQO CROSSING FLAG = 1
SETY CHECK-YMRXVRLUE/YMINVR_UE
ORITGIN T CHECK IS NEGRTIVE
= O. SET Y ORIGIN = O. [v oRIGIN = ¥y MIN vALUE

CRLL JMOVE TO MOVE PEN TO (XMIN. YORG) COOURDINRTE

CALL JORAK TO DRAW X—AXIS FROM ORIGIN TO (XMRAX. YORG)

T X MIN ZERO CROSSING FLAG = 1
. = CHECK = X MAX VALUE ~/ X MIN VALUE
— == D CHECK IS NEGARTIVE
[
S " |[seT x orIGIN = o. X ORIGIN = > MIN

CALL JMOVE TO MOVE PEN TO (XORG. YMIN) COCROINATE

CALL JORAW TO DRAW Y—-AXIS FROM ORIGIN TO (XORG. YMAX)]

RETURN

END
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3.2.5 SCAL

For both user-selected automatic or specified scaling of the postpro-
cessor plot file, routine SCAL is called from the ROBPLT option.
chooses the most appropriate scale for the x—- and y-axis tic marks.
finds the expounent of the scale base, the tic mark spacing and the min-
imum tic mark value. The minimum value, XI, to be used for the scale,
and DX, the scale increment between tic marks, are chosen to satisfy

specific constraints.

SUBROUTINE SCRU

AROD A SMALL TOLERANCE TOo THE MINIMUM
VARLUE, FOR TRUNCRTION

SUBTRACT R SMALL TOLERANCE FROM THE
MBXIMUM VARLUE, FOR TRUNCRTION

FIRST TRIAL VALUE SCRLE INCREMENT. DX, =
IMARX—~MIN] /NUMBER PRRTITIONS

SET EXPONENT = LOG OF DOX

EXPO IS NEGARTIVE AND NOT AN INTEGER

.
EXPO = EXPO - 1. CNULL)
SET BASE = 10. +INTEGER PART OF EXPO
T ARUTOMARTIC SCRLING IS SET

- TR e TS R aeER oF 18 INULLD

SET MINIMUM TIC MRRK VALUE = INTEGRARL.
MULTIPLE OF STEFRP SIZE

RETURN

END
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3.2.6 TICMRK

Routine TICMRK actually draws and labels the tic marks for a plot during

the postprocessor functionm.

SUBROUTINE TICMRK

COMPUTE X AND Y RXIS LENGTHS

00 et —— —— e ———
DRAW TIC MARKS OVER RRANGE OF X-—-AXIS ORIGIN TO
XMAX VALUE

DO AT X-—-AXIS TIC MARRK FREQUENCY

DETERMINE LENGTH OF THE CURRENT TIC MRARK LABEL

LABEL THE X-—AXIS TIC MARKS WITH VALUES

DETERMINE LENGTH OF THE EXPONENT FOR THE X-RAXIS
SCAL.E

OUTPUT EXPONENT FOR THE X-—-AXIS SCARLE

ORFIW TIC MRRKS OVER RANGE OF Y-AXIS ORIGIN TO
YMRAX VRLLUE

DO AT Y—-AXIS TIC MARK FREQUENCY

CETERMINE LENGTH OF THE CURRENT TIC MARK LRABEL

LABEL THE Y-—-RARXIS TIC MRARKS WITH VALUES

CETERMINE LENGTH OF THE EXPONENT FOR THE Y-AXIS
SCRLE

OUTPUT EXPONENT FOR THE Y-AXIS SCARLE

RETURN

END
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The program PREPDRVR is the preprocessor function driver.

THE PREPROCESSING FUNCTION

interactive mode, prompting the user to for the preprocessor option desired.
Valid options are, create or modify a CAD/CAM object file or terminate

PREPDRVR program execution.

PREPDRVR and Table B-VIII lists the subroutine employed.

Figure B-10 shows the functional diagram for

It operates in an

40
PREPDRVR
111 | 112 | 4.1.1 1.4.3
SETLU LBR_HELP BLDCAD ERRMSG
‘ |
428 | 421 | 422 | 423 { a24 | 425 |
GRAFCAD TRANSF LINE POINT CURVE SPLINE
142
E&S ROUTINES MATMPY

Figure B-10.
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TABLE B-VIII.-PROGRAMS EMPLOYED IN PREPDRVR

PREPDRVR
BLDCAD

TRANSF
LINE
POINT
CURVE
SPLINE
GRAFCAD
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4.0
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PREPDRVR

The program PREPDRVR is the Preprocessor function driver. It operates

in an interactive mode, prompting the user for the preprocessor option

desired. Valid options are, currently: create or modify a CAD/CAM ob-
ject file or terminate PREPDRVR program execution.
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.1.1

BLDCAD

BLDCAD is called in the preprocessor driver. It reads a CAD/CAM
initial graphics exchange specification (IGES) - formatted file, calls
the appropriate entity routine to f£ill the real number and integer data
arrays (for graphics routine interaction), and if graphics display is
opted by the user, calls a graphics routine to display the entities or
an Evans and Sutherland device. The file of IGES data may be saved for
input during the system definition function detailed graphics
generation for arms, loads, environment or targets. The format read
from the IGES database follows the documentation for version 2.0
published by the National Bureau of Standards.
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4.2.1 TRANSF

TRANSF CAD/CAM IGES read entity-associated transformation data and
loads the transformation array for the rotations and translations to be

applied to the entity before graphics display.
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4.2.2 LINE

LINE reads CAD/CAM IGES line endpoint entity data and loads the line
array for the graphics display.
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4.2.3 POINT

POINT reads CAD/CAM IGES point entity data and loads the points array
for the graphics display.
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4.2.4 CURVE

CURVE reads CAD/CAM IGES circular arc data and loads the arc points ar-
ray for the graphics display.
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4.2.5 SPLINE

(not implemented yet)
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4,2.6 GRAFCAD

GRAFCAD displays the CAD/CAM IGES entity data on an Evans and
Sutherland graphics device.
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