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Figure 43. Sample Unbolt Forces and Torques, fxfilt Used for Event Monitoring. 
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 Chapter 8  

Summary and Future Work 

 

This work has examined the possibilities of integrating behavior-based concepts into 

teleoperation and robotics to provide efficient real world-usable telerobotic tooling 

assists. The concept was implemented and demonstrated for two tools common to remote 

D&D activities. In summary the basic approach works and has some merit but also has 

some limitations specifically related to the usefulness of behavior concepts. 

 

 

8.1 Summary 

 

As described in the previous chapter, both of the representative D&D tasks were 

implemented successfully. Performance of the saw task was 100% successful across the 

sample set. For the socket tool sample set, successful runs were completed 80% of the 

time with the given implementation. 

 

Referring back to Table 2 D&D Tool Summary, column three Contact Signatures are 

verified to approximate expectations. In both cases the raw signals contain so much 

process noise that they are unrecognizable and unusable as is. However, heavy filtering is 

possible to discern usable profiles that resemble those found in Table 2. In neither case is 

the replication exact, but it is sufficient to work reliably. 

 

Closed loop dynamic control using these signals would be difficult, but the reactive 

function-based approach achieved consistent successful results. The task decomposition 

technique derived from behavior-based concepts provided manageable subtasks that 

facilitated overall task completion. 

 

One aspect of smart tooling is that it is expensive to implement due to multiple expensive 

sets of sensors. While a force-torque sensor was used for each tool implementation, 
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limiting the event and process axes to one or two axes indicates clearly that successful 

operation is possible with a reduced sensing set such as one or two load cells per tool that 

would reduced the cost of smart tool sensing roughly by an order of magnitude. 

 

Another advantage to the approach presented in this work is that complicated kinematic 

or dynamics-based solutions are not necessary. Transformation of the force-torque sensor 

to manipulator kinematics was not even necessary. Each signal used was used 

independently of kinematic reference. 

 

Most importantly the behavior-derived technique functioned as desired to calibrate an a 

priori task model to a point of execution on the task mockup target point. Task instance 

modeling was eliminated. The task type was “calibrated” to the location of the task object 

in space permitting reliable telerobotic task execution. 

 

While successful, limitations were also found that made complete adherence to a 

behavior-based approach inappropriate for telerobotic use of power tooling. Tool tasks 

are inherently sequential in nature. Sequential behavior selection is considered the most 

primitive form and least desirable means of switching; however, it is most appropriate to 

telerobotic tooling. Also there are times when open loop robotic motions are the most 

efficient and practical means of task execution. These “ballistic” behaviors are accepted 

but discouraged in behavior-based approaches. These practicalities of implementation for 

telerobotic tooling reduce the “purity” of the behavior-based approach to more of an 

approach based on concepts derived from behavior-based techniques.	  

 

 

8.2 Review of Contributions 

 

The	  fundamental	  contributions	  of	  this	  dissertation	  are	  summarized	  here:	  
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1.	  The	  exploration	  and	  evaluation	  of	  behavior-‐based	  robotics	  for	  concepts	  to	  create	  

a	   new	   methodology	   for	   integrating	   telerobotic	   tool	   control	   with	   positional	  

teleoperation	   in	   the	   execution	   of	   complex	   tool-‐centric	   remote	   tasks	   such	   as	   those	  

associated	   with	   remote	   nuclear	   operations.	   Successful	   experimental	   results	   with	  

selected	   power	   tools	   and	   a	   full-‐scale	   telerobotics	   test	   bed	   have	   revealed	   the	  

attractive	   combination	   of	   simple	   implementation	   and	   efficient/effective	   tooling	  

operations.	  	  

	  

This	  methodology	  provides	  a	  workable	  clear	  path	  to	  implementation	  relevant	  to	  the	  

existing	   architectures	   of	   typical	   teleoperator	   systems	  while	   addressing	   tasks	   that	  

are	   currently	   difficult	   to	   automate	   due	   to	   complexity	   and	   limited	   registration	   to	  

actual	   task	  hardware.	  Once	  the	   first	  couple	  of	   tool	   tasks	  were	  programmed,	  it	  was	  

quite	   obvious	   that	   this	   technique	   has	   created	   a	   set	   of	   primitives	   that	   may	   be	  

assembled	   in	   different	   ways	   or	   with	   slight	   modification	   to	   quickly	   produce	   new	  

automated	  tooling	  tasks.	  This	  work	  represents	   the	   first	  known	  application	  of	   these	  

techniques	  to	  power	  tooling	  tasks.	  

	  

2.	  The	  creation	  of	  a	  new	  tooling	  task	  modeling	  process	  that	  is	  general	  in	  nature	  and	  

applicable	   to	   a	  wide	   range	   of	   power	   tools	   used	   in	   typical	   remote	  operations.	  This	  

task	   type	  modeling	   can	   replace	   task	   instance	  modeling	   to	   reduce	   and	  simplify	   the	  

application	   of	   the	   new	   behavior-‐based	   methods	   to	   complex	   telerobotic	   tooling	  

applications.	   It	   was	   demonstrated	   that	   the	   task	   type	   model	   could	   be	   reliably	  

encoded	   in	   a	   sequence	   of	   simple	   behavior-‐like	   reactive	   functions,	   thereby	  

alleviating	   the	   need	   for	  extensive	   a	   priori	   generation	  of	   a	   task	   instance	  model	   for	  

each	   task	   execution.	   This	   reduces	   the	   modeling	   time	   needed	   for	   individual	   task	  

automation	   making	   telerobotics	   more	   time	   competitive	   even	   with	   proficient	  

operators.	  
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3.	  The	  generation	  of	  specific	  characteristic	  tooling	  data	  for	  reciprocating	  saw	  cutting	  

and	  removal	  of	  bolts	  with	  a	  powered	  socket	   tool.	  These	  results	  have	  general	  value	  

in	  that	  they	  are	  relevant	  to	  extensions	  of	  this	  work	  and	  in	  the	  pursuit	  of	  other	  tool	  

control	   strategies.	   In	   particular,	   the	   force	   profile	   generated	   for	   pipe	   cutting	  

produces	   a	   well-‐defined	   characteristic	   signature	   that	   should	   be	   broadly	   useful	  

even	   outside	   of	   the	   telerobotics	   community.	   Progressive	   variation	   in	   the	   tool	  

signature	  profiles	  over	  repeated	  test	  instances	  indicate	  that	  tool	  wear,	  maintenance	  

prediction,	  and	  fault	  detection	  can	  probably	  be	  deduced	  from	  further	  study	  of	  the	  

process	  signature.	  

 

 

8.3 Future Work 

 

There	  are	  several	  possibilities	  to	  consider	  for	  future	  work	  building	  on	  the	  research	  

presented	  in	  this	  dissertation.	  	  

	  

One	  topic	  of	  particular	  interest	  is	  to	  investigate	  how	  these	  techniques	  can	  be	  used	  

to	   track	   and	   compensate	   for	   tool	  wear,	   to	   indicate	   component	   end	   of	   life,	   and	   to	  

identify	  operational	  faults.	  Tool	  signatures	  were	  found	  to	  vary	  according	  to	  wear	  in	  

the	  primary	  contact	  medium	  executing	  the	  tool	  task	  (such	  as	  a	  saw	  blade	  in	  a	  pipe).	  

Higher	  and	  more	  rounded	  force	  levels	  in	  the	  saw	  process	  signature	  indicate	  a	  worn	  

blade	  with	  dull	  or	  broken	  teeth.	  This	  should	  make	  it	  possible	  to	  determine	  at	  what	  

point	  a	  tool	  piece	  should	  be	  changed	  out	  facilitating	  maintenance	  scheduling.	  	  

	  

The	  basic	  framework	  is	  now	  in	  place	  to	  pursue	  dynamic	  motion	  of	  the	  manipulator	  

base	  or	  the	  task	  object	  during	  task	  execution.	  This	  will	  require	  the	  development	  of	  

new	   position	   sensing	   capabilities	   that	   can	   tolerate	   the	   vibrations,	   forces,	   and	  

moments	  imposed	  by	  tooling	  operations.	  However	  this	  would	  afford	  the	  possibility	  

of	  cutting	  operations	  even	  when	  the	  manipulator	  and	  task	  object	  are	  shaking	  and	  
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vibrating	   in	   response	   to	   the	   cutting	   operation.	   This	   is	   a	   common	   task	   problem	   in	  

D&D	  activities.	  

	  

Success	   was	   shown	   to	   be	   possible	   using	   sensor	   data	   collected	   from	   sensors	  

mounted	  in	  a	  common	  tool	  fixturing	  point.	  This	  indicates	  that	  it	  should	  be	  possible	  

to	  move	  to	  a	  multi-‐fingered	  end-‐effecter	  with	  a	  wrist	  mounted	  force-‐torque	  sensor	  

and	   achieve	   similar	  success	   by	  also	  addressing	   tool	  position	  and	  orientation	  when	  

grasping	   the	   tool.	   This	   is	   important	   because	   common	   sensing	   could	   be	   provided	  

without	  the	  cost	  of	  bolting	  tools	  into	  a	  smart	  tool	  fixture.	  

	  

Another	   area	  worthy	   of	   further	   investigation	  would	   be	   to	   consider	   how	   to	   apply	  

these	  techniques	  to	  tool	  process	  that	   are	  essentially	  impact-‐based	  such	  as	   the	   jack	  

hammer,	  air	  chisel,	  and	  sheet	  metal	  nibbler.	  Rapid	  motion	  of	  the	  tool	  coupled	  with	  a	  

wide	   range	   of	  ways	   that	   the	   target	   object	  may	   react	   to	   the	   tool	   impact	  will	  make	  

this	   a	   difficult	   study	   probably	   requiring	   extensive	   analytical	   and	   experimental	  

development.	  Due	  to	  the	  rate	  of	  impacts	  and	  the	  forces	  encountered	  in	  the	  process,	  

data	  acquisition	  and	  process	  control	  sample	  rates	  would	  have	  to	  be	  far	  higher	  than	  

is	  typically	  used	  in	  manipulator	  control.	  

	  

As	   with	   other	   early	   implementations	   using	   behavior-‐based	   concepts,	   the	  

implementation	   process	   tends	   to	   be	   tedious,	   incremental,	   and	   leans	   heavily	   on	  

experimental	   development.	   While	   this	   was	   intentional	   for	   this	   work	   in	   order	   to	  

start	   from	   first	   principles,	   various	   learning	   techniques	   under	   development	   in	   the	  

behavior-‐based	  community	  should	  be	  considered	  to	  provide	  automated	  assistance	  

in	  the	  reactive	  function	  development	  process.	  
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Chapter 9  

Conclusions 

 

This	   dissertation	   has	   described	   a	   methodology	   for	   combining	   concepts	   from	  

behavior-‐based	   systems	   with	   telerobotic	   tool	   control	   in	   a	   way	   that	   is	   compatible	  

with	  existing	  manipulator	  architectures	  used	  by	  remote	  systems	  typical	  to	  the	  D&D	  

and	   remote	   operations	   environments.	   The	   concept	   was	   implemented	   and	  

demonstrated	   for	   two	   tools	   useful	   to	   D&D	   type	   operations—a	   reciprocating	   saw	  

and	   a	   powered	   socket	   tool.	   The	   experimental	   results	   demonstrated	   that	   the	  

approach	   works	   to	   facilitate	   traded	   control	   telerobotic	   tooling	   execution	   by	  

enabling	  difficult	  tasks	  and	  by	  limiting	  tool	  damage.	  

 

The original concept was intended as a means of adding telerobotic assists for human 

operators (1) to permit task tooling operation where it is currently difficult or impossible 

or (2) to relieve fatigue where the tool operation is tedious. For this purpose it appears to 

work either exceptionally well (reciprocating saw) or adequately (socket tool). The 

reciprocating saw task was impossible with freehand teleoperation on the test bed but 

readily achievable via the reactive function assists. The socket tool concept works well 

enough to use in conjunction with teleoperation since the operator has the capability to 

retarget and retry if the initial targeting fails. 

 

The reactive functions formed a set of simple move primitives that can be readily 

assembled into new tooling tasks with relatively little difficulty. Knowledge of the task, 

task execution sequence, and tool characteristics are needed. A majority of the functions 

needed for the socket tool were directly derived from the saw tool. Having done the 

reciprocating saw and socket tool, a band saw, circular saw, and drill would be relatively 

easy to complete. The approach should expand readily to other D&D type tools as well as 

tools in other task sets such as small scale medical tooling for minimally invasive 

surgery. 
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There is no a priori modeling of a specific task instance. A task type model is embedded 

into the sequence of reactive functions and the actions of the functions themselves. 

Contact sensing is used to establish the location of the task object on which the tooling 

task executes. The point of interest for the task is established by the operator or a higher 

level robotic program. There is no abstract representation of the specific task instance 

stored anywhere in the system. 

 

Initial investigation showed that telerobotic use of power tooling did not completely 

conform to the tenets of the behavior-based approach. Tooling tasks are almost entirely 

sequential and deterministic or can be made that way with minimal planning. This 

decreases the behaviorism content of the concept since behavior arbitration essentially 

goes away in favor of the sequential execution of reactive behaviors. It may be best to 

consider this as a BBR-inspired or derived technique rather than a pure behavior-based 

robotics technique. 

 

The most advantageous component to this work that would facilitate complete robotic 

task execution is what has been learned about task decomposition to make what appears 

to be an exceedingly difficult task relatively easy by breaking it down into a set of simple 

moves and looking for target object contact and tool task signatures. The discovery of the 

tool process signatures and how they may be used to manage the tool process was an 

unexpected benefit of this work. It opens the door to the difficult to address needs of tool 

fault identification and recovery, predictive tool maintenance, and more extensive 

dynamics-based control techniques.  

 

In summary the purpose of this work was to explore the use of behavior-based robotics 

concepts to determine techniques relevant to the use of telerobotic assists in D&D type 

tool tasks with a purpose of minimizing the task instance modeling in favor of a priori 

task type models while using sensor information to register the task type model to the 

task instance. An approach was implemented and tested for two tools with variation to 

the usual behavior selection process by using fixed sequencing of the reactive functions. 
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The task type model was embedded into the sequencing of the functions and the functions 

themselves. There is no abstract representation used to build a specific task instance. 

Both tool implementations worked well. In the case of the reciprocating saw, the 

implementation was an enabling technology. The role of the tools and tasks as drivers to 

the telerobotic implementation was better understood in the need for thorough task 

decomposition. This work has been successful enough that it can be implemented and 

used near term on real world systems. 
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The software for this dissertation was written using GNU open source tools for the Linux 
environment. Except for some system level interactions that use C++, all files are written 
in C without the use of object-oriented techniques. Functions are meant to be stand-alone 
as much as possible to facilitate individual testing and regrouping for other tools with 
minimal function modification; however there are groups of functions that are quite 
similar as outlined below. Vestigial code for the interface of analog sensors not used is 
left intact to facilitate future expansion and as documentation to those conducting follow-
on work in our lab. 
 
bApproachB, bApproachH, and bApproachV, though using slightly different trajectory 
generation, are similar. bBackH and bBackV are likewise similar to each other and 
derived from the Approach functions. moveHome is included as representative of a 
family of robotic moves used in this work to go to preprogrammed targets. bWristR is a 
similar robotic move function to moveHome and its category of motions. bCut128S and 
bUnboltB are each unique to their tooling operation. The included files are listed below 
in order of presentation in this appendix. No attempt has been made to include all of the 
many MATLAB files used for analysis in this work, but all of those techniques are 
straightforward engineering exercises. References to comediFT.h refer to a support file 
available from ATI. References to newChild.h and child2( ) indicate software borrowed 
from Andrzej Nycz’s UTK Robotics Laboratory system software and are also therefore 
not included here. 
 
robot.h. 
 
read_writeIO.h 
read_writeIO2.c 
 
runbSaw.c 
runbSocketS1.c 
 
bApproachB.c 
bApproachH.c 
bApproachV.c 
bBackH.c 
bBackV.c 
bRetractB.c 
bRetractS.c 
 
bWristR.c 
bCut128S.c 
bUnboltB.c 
 
functGoIdle.c 
functMoveHome.c 



 
137 

 
/************************************************************************** 
*  
* robot.h 
*  
* DISSERTATION SOFTWARE 
*  
* Behavior-based Telerobotic Tool Control 
* Mark W. Noakes 
* Dept of Mechanical, Aerospace, and Biomedical Engineering 
* University of Tennessee at Knoxville 
* 
*************************************************************************/ 
 
#include <time.h> 
#include <math.h> 
#include <stdio.h> 
#include <unistd.h> 
 
 
// Calculate for each DOF; numbers in inches, used in trajectory calcs. 
 
double  qZero[6]; // Start point of robotic move 
double qFinal[6]; // Finish point of robotic move 
double   qNow[6]; // Current calculated point in robotic trajectory 
 
float      FT[6]; // Force torque sensor values 
 
// Stored Cartesian position, from Approach --> Retract 
 
double cStored[6] = {0.0000, 0.0000, 0.0000, 0.0000, 0.0000, 0.0000}; 
 
// Stored instantaneous joint positions 
 
double qJoints[7] = {0.0000, 0.0000, 0.0000, 0.0000, 0.0000, 0.0000, 0.0000}; 
 
// Following joint positions are ordered as follows:  
// shoulder azimuth, shoulder pitch, elbow, wrist pitch, wrist yaw, wrist roll 
 
// Right T2 home joint positions. 
 
double qHome[7] = {0.0000, 0.8800, -2.5436, 0.3889, 0.0000, -1.4653, 0.0000};  
 
// Socket robotic move target T2 joint positions. 
 
double qSocket[7] = {-0.0859, 0.8183, -2.1817, 1.0144, -1.3175, -1.3866,
 0.0000}; 
 
// Saw robotic move target T2 joint positions. 
 
double  qSaw1[7] = {-0.705671, 0.484300, -2.542479, 1.476005, 0.381025,  
 -1.802548, 0.0000}; 
double  qSaw2[7] = {-0.675950, 0.994828, -2.060330, 0.996445, 0.547078,  
 -1.602363, 0.0000}; 
double  qSaw3[7] = {-0.539330, 0.989076, -2.371632, 1.358752, 0.513427,  
 -1.587311, 0.0000}; 
double  qPipe[7] = {-0.286702, 0.453717, -2.124469, 1.469198, 0.235584,  
 -1.650875, 0.0000}; 
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// Position increment instead of time but run at sample time. 
 
int posInc; 
 
// Function prototypes 
 
int read_writeIO(void); 
 
int functMoveHome(void); 
int functMoveSocket(void); 
int functMoveSocket1(void); 
 
int storeCartesian(void); 
int functApproach(void); 
int functApproachD(void); 
int functRetract(void); 
int functRetractD(void); 
int functGoIdle(void); 
 
int functMoveSaw1(void); 
int functMoveSaw2(void); 
int functMoveSaw3(void); 
int functMovePipe(void); 
 
int bWristR(void); 
int bApproachB(void); 
int bApproachH(void); 
int bApproachV(void); 
int bBack(void); 
int bBackH(void); 
int bBackV(void); 
int bCut128S(void); 
int bRetractB(void); 
int bRetractS(void); 
int bUnboltB(void); 
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/************************************************************************* 
* 
* Filename = read_writeIO2.h 
* Support for digital and analog I/O 
* 
* Obligatory GNU Comedi acknowledgment 
* 
* Derived from Comedilib, tut1.c 
* Copyright (c) 1999,2000 David A. Schleef <ds@schleef.org> 
* 
* This file may be freely modified, distributed, and combined with 
* other software, as long as proper attribution is given in the 
* source code. 
* 
* NOTES 
* 
* subdev 0 = analog input port 
* subdev 2 = digital I/O port, note that there are many ports including 
* several digital ports and it's easy to get confused as to what does what. 
* 
* Much of this is now vestigial code but required to read I/O anyway. 
* 
**************************************************************************/ 
 
#include <stdio.h>  
#include <comedi.h>      
#include <comedilib.h> 
#include <fcntl.h> 
#include <unistd.h> 
#include <errno.h> 
#include <getopt.h> 
#include <ctype.h> 
#include <signal.h> 
#include <string.h> 
#include <time.h> 
#include <sys/time.h> 
#include </usr/src/linux-2.6.23/include/linux/rtc.h> 
 
#include "examples.h" 
 
// Reciprocating saw sensor inputs = left and right, horizontal and  
//vertical, slide and touch inputs. 
 
double sawRHslidePos; 
double sawRHtouchPos; 
double sawRVslidePos; 
double sawRVtouchPos; 
double sawLHslidePos; 
double sawLHtouchPos; 
double sawLVslidePos; 
double sawLVtouchPos; 
 
// Power supply monitoring 
 
double checkPlusTen; 
double checkMinusTen; 
double checkFive; 
 
int bits[8];    
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// Digital outputs for smart tool on comedi0 
 
int toolOn;  // toolOn  = 1 is on; use as either on/off or PWM. 
int toolDir; // toolDir = 0 is forward as default; reverse is 1. 
  
// Digital inputs for smart tool on comedi1 
 
int toolOnIN;  // toolOn input 
int toolDirIN;  // toolDir input 
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/************************************************************************* 
* 
* Filename = read_writeIO2.c 
* 
* This file is the function to read and write analog and digital IO from 
* the National Instruments 6034E for the HLC. It does not do the  
* force/torque sensor. 
* 
* Obligatory GNU comedi acknowledgment 
* 
* Derived from Comedilib, tut1.c 
* Copyright (c) 1999,2000 David A. Schleef <ds@schleef.org> 
* 
* This file may be freely modified, distributed, and combined with 
* other software, as long as proper attribution is given in the 
* source code. 
* 
* NOTES 
* 
* subdev 0 = analog input port 
* subdev 2 = digital I/O port, note that there are many ports including 
* several digital ports and it's easy to get confused as to what does what. 
* 
**************************************************************************/ 
 
#include "read_writeIO2.h" 
 
int read_writeIO(void) 
{ 
  
 int subdev = 0; // varies depending on analog/digital port  
 int chan  = 0; // varies under this application  
 int range = 0; // 0 = +/10, still have to use for digital  
 int aref = AREF_GROUND; // AREF_GROUND for SE; AREF_DIFF for DE  
 
 int n_chans0; 
 int maxdata0; 
 
 double voltage[16]; 
  
 comedi_t *device0; 
 comedi_t *device1; 
 
 lsampl_t data0; 
 lsampl_t bits0 = 0; 
 
 int ret; 
 
 lsampl_t data1; 
  
// comedi0 smart tooling I/O 
  
 device0 = comedi_open("/dev/comedi0"); 
  
 n_chans0 = comedi_get_n_channels(device0, subdev); 
 
 for(chan = 0; chan < n_chans0; ++chan){ 
 
    maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
 
    comedi_data_read(device0, subdev, chan, range, aref, &data0); 
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   voltage[chan] = comedi_to_phys(data0, comedi_get_range(device0, subdev, 
 chan, range), maxdata0); 

  
    }   
     
// Smart tool position sensors, +/- 10VDC to mm,  
// NOTE: Calibration on voltage only 
     
  sawRHslidePos = 1.016 * voltage[0] - .119; 
  sawRHtouchPos = 1.016 * voltage[1] - .119; 
  sawRVslidePos = 1.016 * voltage[2] - .119; 
  sawRVtouchPos = 1.016 * voltage[3] - .119; 
  sawLHslidePos = 1.016 * voltage[4] - .119; 
  sawLHtouchPos = 1.016 * voltage[5] - .119; 
  sawLVslidePos = 1.016 * voltage[6] - .119; 
  sawLVtouchPos = 1.016 * voltage[7] - .119; 
   
// Power supply checks for diagnostics and scaling  
// --> Calibrated DC voltages 
   
  checkPlusTen  = 1.016 * voltage[13] - .119; 
  checkMinusTen = 1.016 * voltage[14] - .119; 
  checkFive     = 1.016 * voltage[15] - .119; 
     
// Digital input 
 
 for(chan = 4; chan < 8; ++chan){ 
 
    comedi_data_read(device0, 2, chan,range, aref, &bits0); 
 
    bits[chan] = bits0; 
 
    } 
     
// Reads inputs and assign to outputs. 
 
// toolOnIN  = bits[4]; // change for manual vs. auto input 
// toolDirIN = bits[5]; // change for manual vs. auto input 
  
 bits[0] = ! toolOnIN; // ! fixes inverted logic. 
 bits[1] = ! toolDirIN;  // ! fixes inverted logic. 
  
// Digital output 
 
 for(chan = 0; chan < 4; ++chan) 
  
 { 
 
    comedi_data_write(device0, 2, chan, range, aref, bits[chan]);  
 
 } 
     
 comedi_close(device0);  
     
 return 0; 
} 
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/************************************************************************** 
*  
* runbSaw.c 
*  
* DISSERTATION SOFTWARE 
*  
* Behavior-based Telerobotic Tool Control 
* Mark W. Noakes 
* Dept of Mechanical, Aerospace, and Biomedical Engineering 
* University of Tennessee at Knoxville 
* 
**************************************************************************/ 
 
#include "robot.h" 
 
int main(void) 
 
{ 
 functMoveHome(); // Joint motion move to home for consistent starting position. 
 
 printf("move home ok\n\n"); 
  
 functMoveSaw1(); // Joint level move to Saw way point. 
  
 printf("move saw 1 ok\n\n"); 
  
 functMoveSaw2(); // Joint level move to Saw way point. 
  
 printf("move saw 2 ok\n\n"); 
  
 functMoveSaw3(); // Joint level move to Saw way point. 
  
 printf("move saw 3 ok\n\n"); 
  
// BBR Start ////////////////////////////////////////////////////////////// 
  
 bWristR();  // Level wrist roll to horizontal before cutting. 
  
 printf("wrist roll ok\n\n"); 
 
 bApproachH(); // Cartesian approach to target along EE to contact 
  
 printf("approachH ok\n\n"); 
  
 bBackH();  // Cartesian motion along the EE vector to stand off 
  
 printf("backH ok\n\n"); 
  
 bApproachV(); // Cartesian approach to target along EE to contact 
  
 printf("approachV ok\n\n"); 
  
 bBackV();  // Cartesian motion along the EE vector to stand off 
  
 printf("backV ok\n\n"); 
 
 bCut128S(); // Cartesian -Z for time/distance 
  
 printf("cut ok\n\n"); 
  
 bRetractS();   // Retract along line to clear area. 
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 printf("retract ok\n\n"); 
  
// BBR conclude /////////////////////////////////////////////////////////// 
  
 functMoveSaw2(); // Joint level move to Saw way point. 
  
 printf("move saw 2 ok\n\n"); 
  
 functMoveSaw1(); // Joint level move to Saw way point. 
  
 printf("move saw 1 ok\n\n"); 
 
 functMoveHome(); // Joint motion move to home. 
  
 printf("move home ok\n\n"); 
  
 functGoIdle(); // Set control state via shared memory to Idle. 
  
 printf("idle ok\n\n"); 
  
 return 0; 
 
} 
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/************************************************************************** 
*  
* runbSocketS1.c 
*  
* DISSERTATION SOFTWARE 
*  
* Behavior-based Telerobotic Tool Control 
* Mark W. Noakes 
* Dept of Mechanical, Aerospace, and Biomedical Engineering 
* University of Tennessee at Knoxville 
* 
**************************************************************************/ 
 
#include "robot.h" 
 
int main(void) 
 
{ 
 functMoveHome(); // Joint motion move to home for consistent starting position. 
 
 printf("move home ok\n\n"); 
  
 sleep(1); 
  
 functMoveSocket(); // Joint level move to Socket task start point. 
  
 printf("move socket ok\n\n"); 
  
 sleep(1); 
  
 functMoveSocket1(); // Joint level move to conehead socket task start point. 
  
 printf("move cone1 ok\n\n"); 
  
 sleep(1); 
  
// BBR Start ////////////////////////////////////////////////////////////// 
 
 bApproachB(); // Cartesian approach to target along EE to contact 
  
 printf("approach ok\n\n"); 
  
 sleep(1); 
  
 bUnboltB(); 
  
 printf("unbolt ok\n\n"); 
 
 bRetractB();   // Retract along line to clear area. 
  
 printf("retract ok\n\n"); 
  
 sleep(1); 
  
// BBR End //////////////////////////////////////////////////////////////// 
  
 functMoveHome(); // Joint motion move to home for consistent starting position. 
  
 printf("move home ok\n\n"); 
  
 sleep(1); 
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 functGoIdle(); // Set control state via shared memory to Idle. 
  
 printf("idle ok\n\n"); 
  
 sleep(1); 
 
 return 0; 
 
} 
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/************************************************************************** 
*  
* bApproachB.c 
*  
* DISSERTATION SOFTWARE 
*  
* Behavior-based Telerobotic Tool Control 
* Mark W. Noakes 
* Dept of Mechanical, Aerospace, and Biomedical Engineering 
* University of Tennessee at Knoxville 
* 
* 
* 
**************************************************************************/ 
 
/************************************************************************* 
* 
*  Obligatory Acknowledgements for libraries used in this file. 
* 
* ATIDAQ F/T C Library 
* v1.0.1 
* Copyright (c) 2001 ATI Industrial Automation 
* 
* The MIT License 
*  
* Permission is hereby granted, free of charge, to any person obtaining a 
* copy of this software and associated documentation files (the "Software") 
* to deal in the Software without restriction, including without limitation 
* the rights to use, copy, modify, merge, publish, distribute, sublicense, 
* and/or sell copies of the Software, and to permit persons to whom the 
* Software is furnished to do so, subject to the following conditions: 
*  
* The above copyright notice and this permission notice shall be included 
* in all copies or substantial portions of the Software. 
*  
* THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS  
* OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF  
* MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.  
* IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY  
* CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,  
* TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE  
* SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE. 
* 
**************************************************************************/ 
 
/************************************************************************** 
* 
* Comedilib 
* Copyright (c) 1999,2000 David A. Schleef <ds@schleef.org> 
* 
* This file may be freely modified, distributed, and combined with 
* other software, as long as proper attribution is given in the 
* source code. 
* 
**************************************************************************/ 
 
#include "newChild.h" 
 
#include <time.h> 
#include <math.h>  
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#include "comediFT.h" 
 
static int biasFlag = 1; // for sampleBias switching to initialize F/T 
 
int read_writeIO(void); // reads comedi0 analog/digital IO 
 
int bApproachB(void) 
{ 
 
// System level communications 
  
int QUIT = 0; 
  
int shmidR,shmidRW, semid; // IPC idenfitiers 
key_t key_memRW,key_memR, key_sem;  // keys for shared mem and semphores. 
struct sembuf sb; // semaphore control structure  
   
//************************************************************************* 
     
void safe_quit(void) 
{ 
 QUIT=1; 
} 
  
//*************************************************************************  
 
//************************************************************************* 
  
int grabSem(int semNum,  struct sembuf *sb, int semid)  
 //semNum should be zero for this program so far. 
{             
 sb->sem_op=-1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1)  
  // make sure you're using the semaphore when it is necessary. 
 { 
  perror("semaphore access problem");  
  QUIT=1;  
   
 }          
 return 1;         
} 
  
//************************************************************************* 
  
int retSem(int semNum,  struct sembuf *sb, int semid)  
 //semNum should be zero for this program so far. 
{             
 sb->sem_op=1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1) 
  { 
   perror("semaphore return problem ");   
   QUIT=1;   
  }      
  return 1;         
} 
  
//************************************************************************* 
 
// Calculate for each DOF; numbers in inches, used in trajectory calcs. 
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double  qZero[6]; // Start point of robotic move  
    // (where you are now) 
  
double  qNow[6]; // Current calculated point in  
    // robotic trajectory 
          
double  qNowV[6]; // Incremental velocity for wrist  
    // orientations--warning not functional 
  
double  qNowOld[6]; // Used for incremental velocity calcs 
 
// Stored instantaneous joint positions 
 
double  qJoints[7]; 
 
// Following joint positions are ordered as follows:  
// shoulder azimuth, shoulder pitch, elbow, wrist pitch, wrist yaw,  
// wrist roll 
 
double Data[6];  // current manipulator position 
  
int senseContact = 0; 
  
// Loop timing management using nanosleep( ) 
  
 struct timespec ts; 
 ts.tv_sec = 0; 
// ts.tv_nsec = 31250000; // 32 hz, not calibrated 
 ts.tv_nsec = 24400000; // calibrated for actual runtime 32 hz 
  
// time-stamping variables 
  
 time_t time(time_t *tp); 
  
 time_t now; 
  
// file for data capture 
  
 FILE *fp; 
  
 if ((fp = fopen("approachB_data", "wb"))==NULL) 
   
 { 
  printf("Cannot open file.\n"); 
  exit(1); 
 } 
  
// Setup shared memory 
  
 child2( ); 
  
// Loop Variables 
  
 int i = 0; 
 int j = 0; 
 
 double inc = .015625; // .5 in/sec @ 32 hz 
 float contactThreshold = -40.00;  
  
 // Set constraints and scaling.  
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 // Note that positions use 1; orientations use 0. 
  
 for (i=0;i<6;i++) //initialize memory  
 {  
  parmRW->armCtrl.axesConstr[i]=1.0; 
  parmRW->armCtrl.axesScal[i]=1.0; 
  parmRW->armCtrl.armMode=IDLE; 
  parmRW->armCtrl.cartesCtrl[i]=parmR->armRightCar[i]; 
  if(i>2) 
  { 
   parmRW->armCtrl.cartesCtrl[i]=0.0; 
  } 
   
 } 
   
// Read the starting Cartesian position (where you are now) from  
// shared memory. 
 
 for (i = 0; i < 6; i++) 
 { 
  qZero[i] = parmR->armRightCar[i]; 
 } 
    
// Read the starting joint angles (where you are now) from shared memory. 
// This is for end-effecter orientation calculations. 
  
 for (i = 0; i < 6; i++) 
 { 
  qJoints[i] = parmR->armRight[i]; 
 } 
  
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
  
// Set up Force/Torque Sensor 
  
 char *calfilepath;    // name of calibration file 
 unsigned short index;  // index of calibration in file 
 Calibration *cal; // struct containing calibration information 
 short sts;            // return value from functions 
 
 // ATI F/T sensor variables 
  
 float SampleBias[7]; // measures  preloads on sensor before task 
  
 float SampleReading[7]; // raw sensor values as read from comedi1 
  
 float SampleTT[6]={0,0,0,0,0,0}; //sensor axis transform 
 // Translate along/about {x translate, y translate, z translate,  
 // x rotate, y rotate, z rotate} 
  
 float FT[6]={0,0,0,0,0,0}; // array to hold the resultant  
      // force/torque vector. 
  
 
 
 
 // comedi1 variables 
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 int subdev = 0;   // analog port (comedi1 not used for anything  
      // other than F/T sensor) 
 int range = 0;   // 0 = +/10VDC 
 int aref = AREF_DIFF; // Differential Input  
  
 int n_chans0; 
 int maxdata0; 
 comedi_t *device0; 
 int chan=0; 
 lsampl_t data0; 
  
 device0 = comedi_open("/dev/comedi1"); 
  
 n_chans0 = comedi_get_n_channels(device0, subdev); 
  
 for(chan = 0; chan < n_chans0; ++chan) 
 { 
  maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
  comedi_data_read(device0, subdev, chan, range, aref, &data0); 

SampleReading[chan] = comedi_to_phys(data0, comedi_get_range(device0, subdev, 
chan, range), maxdata0); 

 } 
  
 // Set up ATI functions 
  
 calfilepath="FT5240.cal"; 
 index = 1; 
  
 // create Calibration 
  
 cal=createCalibration(calfilepath,index); 
 if (cal==NULL) { 
  printf("\nSpecified calibration could not be loaded.\n"); 
  scanf("."); 
  return 0; 
 } 
 
 // NOTE: BELOW FT SETUP KEPT IN EVENT OF FUTURE USE! 
   
 // Set force units. 
 // This step is optional; by default, the units are inherited from  
 // the calibration file. 
  
 sts=SetForceUnits(cal,"N"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid force units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
 // Set torque units. 
 // This step is optional; by default, the units are inherited from the  
 // calibration file. 
  
 sts=SetTorqueUnits(cal,"N-m"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid torque units"); return 0; 
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  default: printf("Unknown error"); return 0; 
 } 
  
 // Set tool transform. 
 // This line is only required if you want to move or rotate the  
 // sensor's coordinate system. 
  
 sts=SetToolTransform(cal,SampleTT,"mm","degrees"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid distance units"); return 0; 
  case 3: printf("Invalid angle units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
// Trajectory begins here./////////////////////////////////////////////// 
 
 for (j = 0; j < 320; j++) // 320 points = 32hz X 10 seconds 
 
 { 
   
// Check forces/torques for contact; terminate if contact above threshold 
 
  for(chan = 0; chan < n_chans0; ++chan) 
  { 
    
   maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
    
   comedi_data_read_delayed(device0, subdev, chan, range, aref,  
    &data0, 10000); 
    
   SampleReading[chan] = comedi_to_phys(data0, \ 
    comedi_get_range(device0, subdev, chan, range), maxdata0); 
    
  } 
   
  // Bias the sensor once only. 
   
  if(biasFlag==1) 
  { 
   for (i = 0; i < 6; i++) 
    
   { 
    
   SampleBias[i] = SampleReading[i]; 
    
   } 
    
   Bias(cal, SampleBias);  
    
   biasFlag = 0; 
  } 
   
  // convert a loaded measurement into forces and torques 
   
  ConvertToFT(cal,SampleReading,FT); 
   
// read current Titan position and write to data file 
   
 for (i = 0; i < 6; i++) 
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  { 
    
   Data[i] = parmR->armRightCar[i]; 
    
  } 
   
 fprintf(fp, "\n %d %d %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f  
   %9.6f %9.6f %9.6f\n", j, toolOnIN, FT[0], FT[1], FT[2], FT[3], FT[4],  
   FT[5], Data[0], Data[1], Data[2], Data[3], Data[4], Data[5]); 
 
// Check forces/torques for contact; terminate if contact above threshold 
   
  if (FT[0] < contactThreshold) 
     
  { 
   senseContact = 1; 
    
   printf("FT trip values\n"); 
  
   printf("FT:\n"); 
   printf("%f %f %f %f %f %f\n\n", \ 
   FT[0], FT[1], FT[2], FT[3], FT[4], FT[5]); 
    
// timestamp 
  
   now = time(NULL); 
  
   fprintf(fp, "\n%s\n",ctime(&now)); 
    
   break; 
  } 
 
  // Calculate incremental positions once through each loop. 
   
  qNow[0] = qZero[0] + j * inc * cos(qJoints[0] + qJoints[4]); // X 
   
  qNow[1] = qZero[1] + j * inc * sin(qJoints[0] + qJoints[4]); // Y  
 
  qNow[2] = qZero[2] + j * inc * \ 
  sin(qJoints[1] + qJoints[2] + qJoints[3] -.0174); // Z 
  // (note cumulative joint error  offset) 
   
  // Don't move the wrist joints 
   
  qNow[3] = qZero[3];   // rX stays the same 
  qNow[4] = qZero[4];   // rY stays the same 
  qNow[5] = qZero[5];   // rZ stays the same 
   
  // Write joint positions back to shared memory. 
   
  for (i = 0; i < 6; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
    
  } 
   
  // Calculate delta position once through each loop (for wrist). 
  // WARNING: HELD TO ZERO CHANGE. 
   
  for (i = 0; i < 6; i++) 



 
154 

  { 
   qNowV[i] = qNow[i] - qNowOld[i]; 
  } 
   
  // Write joint positions back to shared memory. 
  // Position uses qNow; orientation uses qNowV. 
  // 0, 1, 2 are qNow for positions, 3, 4, 5 are qNowV for  
  // velocities. 
   
  for (i = 0; i < 3; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
  } 
   
  for (i = 3; i < 6; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = 0; //qNowV[i]; 
  } 
   
  // Flag and write to Cartesian 
   
  grabSem(0,&sb,semid);   
  parmRW->armCtrl.updFlag=1; 
  parmRW->armCtrl.armMode=CART; 
   
  // Xfer current new positions to old positions 
   
  for (i = 0; i < 6; i++) 
  { 
   qNowOld[i] = qNow[i]; 
  } 
   
  // Return semaphore 
   
  retSem(0,&sb, semid); 
   
  // Delay to control loop rate 
   
  nanosleep(&ts, NULL); 
   
  // Loop until j = 320 or trigger 
   
 } 
 
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
  
// exit mode...clean up and get out 
 
 grabSem(0,&sb,semid);  
  
 parmRW->armCtrl.armMode=IDLE;  
 
 retSem(0,&sb, semid);  
 
// free memory allocated to Calibration structure 
 
 destroyCalibration(cal); 
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 comedi_close(device0);  
 
return 0; 
 
} 
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/************************************************************************** 
*  
* bApproachH.c 
*  
* DISSERTATION SOFTWARE 
*  
* Behavior-based Telerobotic Tool Control 
* Mark W. Noakes 
* Dept of Mechanical, Aerospace, and Biomedical Engineering 
* University of Tennessee at Knoxville 
* 
* 
* 
**************************************************************************/ 
 
/************************************************************************* 
* 
*  Obligatory Acknowledgements for libraries used in this file. 
* 
* ATIDAQ F/T C Library 
* v1.0.1 
* Copyright (c) 2001 ATI Industrial Automation 
* 
* The MIT License 
*  
* Permission is hereby granted, free of charge, to any person obtaining a 
* copy of this software and associated documentation files (the "Software") 
* to deal in the Software without restriction, including without limitation 
* the rights to use, copy, modify, merge, publish, distribute, sublicense, 
* and/or sell copies of the Software, and to permit persons to whom the 
* Software is furnished to do so, subject to the following conditions: 
*  
* The above copyright notice and this permission notice shall be included 
* in all copies or substantial portions of the Software. 
*  
* THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS  
* OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF  
* MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.  
* IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY  
* CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,   
* TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE  
* SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE. 
* 
*************************************************************************/ 
 
/************************************************************************* 
* Comedilib 
* Copyright (c) 1999,2000 David A. Schleef <ds@schleef.org> 
* 
* This file may be freely modified, distributed, and combined with 
* other software, as long as proper attribution is given in the 
* source code. 
* 
**************************************************************************/ 
 
#include "newChild.h" 
 
#include <time.h> 
#include <math.h>  
 
#include "comediFT.h" 



 
157 

static int biasFlag = 1; // for sampleBias switching to initialize F/T 
 
int read_writeIO(void); // reads comedi0 analog/digital IO 
 
int bApproachH(void) 
{ 
 
// System level communications 
  
int QUIT = 0; 
  
int shmidR,shmidRW, semid; // IPC idenfitiers 
key_t key_memRW,key_memR, key_sem;  // keys for shared mem and semphores. 
struct sembuf sb; // semaphore control structure  
  
//************************************************************************* 
     
void safe_quit(void) 
{ 
 QUIT=1; 
} 
  
//*************************************************************************  
  
//************************************************************************* 
  
int grabSem(int semNum,  struct sembuf *sb, int semid)  
 //semNum should be zero for this program so far. 
{             
 sb->sem_op=-1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1)  
  // make sure you're using the semaphore when it is necessary. 
 { 
  perror("semaphore access problem");  
  QUIT=1;  
    
 }          
 return 1;         
} 
  
//************************************************************************* 
  
int retSem(int semNum,  struct sembuf *sb, int semid)  
 //semNum should be zero for this program so far. 
{             
 sb->sem_op=1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1) 
  { 
  perror("semaphore return problem ");   
  QUIT=1;   
  }      
  return 1;         
} 
  
//************************************************************************* 
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// Calculate for each DOF; numbers in inches, used in trajectory calcs. 
 
double   qZero[6]; // Start point of robotic move  
    // (where you are now) 
  
double   qNow[6]; // Current calculated point in  
    // robotic trajectory 
          
double   qNowV[6]; // Incremental velocity for wrist  
    // orientations--warning not functional 
  
double   qNowOld[6]; // Used for incremental velocity calcs 
 
// Stored instantaneous joint positions 
 
double   qJoints[7]; 
 
// Following joint positions are ordered as follows:  
// shoulder azimuth, shoulder pitch, elbow, wrist pitch, wrist yaw,  
// wrist roll 
 
double Data[6];  // current manipulator position 
  
int senseContact = 0; 
  
// Loop timing management using nanosleep( ) 
  
 struct timespec ts; 
 ts.tv_sec = 0; 
// ts.tv_nsec = 31250000; // 32 hz, not calibrated 
 ts.tv_nsec = 24400000; // calibrated for actual runtime 32 hz 
  
// time-stamping variables 
  
 time_t time(time_t *tp); 
  
 time_t now; 
  
// file for data capture 
  
 FILE *fp; 
  
 if ((fp = fopen("approachH_data", "wb"))==NULL) 
   
 { 
  printf("Cannot open file.\n"); 
  exit(1); 
 } 
  
// Setup shared memory 
  
 child2( ); 
  
// Loop Variables 
  
 int i = 0; 
 int j = 0; 
 
 double inc = .015625; // .5 in/sec @ 32 hz 
 float contactThreshold = 30.00; 
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 // Set constraints and scaling.  
 // Note that positions use 1; orientations use 0. 
  
 for (i=0;i<6;i++) //initialize memory  
 {  
  parmRW->armCtrl.axesConstr[i]=1.0; 
  parmRW->armCtrl.axesScal[i]=1.0; 
  parmRW->armCtrl.armMode=IDLE; 
  parmRW->armCtrl.cartesCtrl[i]=parmR->armRightCar[i]; 
  if(i>2) 
  { 
   parmRW->armCtrl.cartesCtrl[i]=0.0; 
  } 
   
 } 
  
// Read the starting Cartesian position (where you are now) from  
// shared memory. 
 
 for (i = 0; i < 6; i++) 
 { 
  qZero[i] = parmR->armRightCar[i]; 
 } 
    
// Read the starting joint angles (where you are now) from shared memory. 
// This is for end-effecter orientation calculations. 
  
 for (i = 0; i < 6; i++) 
 { 
  qJoints[i] = parmR->armRight[i]; 
 } 
  
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
   
// Set up Force/Torque Sensor 
  
 char *calfilepath;     // name of calibration file 
 unsigned short index;  // index of calibration in file 
 Calibration *cal; // struct containing calibration information 
// unsigned short i;     // loop variable used to print results 
 short sts;            // return value from functions 
 
 // ATI F/T sensor variables 
  
 float SampleBias[7]; // measures  preloads on sensor before starting task 
  
 float SampleReading[7]; // raw sensor values as read from comedi1 
 
 float SampleTT[6]={0,0,0,0,0,0}; //sensor axis transform 
 // Translate along/about {x translate, y translate, z translate,  
 // x rotate, y rotate, z rotate} 
  
 float FT[6]={0,0,0,0,0,0};  // array to hold the resultant  
      // force/torque vector. 
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// comedi1 variables 
  
 int subdev = 0;   // analog port (comedi1 not used for anything  
      // other than F/T sensor) 
 int range = 0;   // 0 = +/10VDC 
 int aref = AREF_DIFF;  // Differential Input  
  
 int n_chans0; 
 int maxdata0; 
 comedi_t *device0; 
 int chan=0; 
 lsampl_t data0; 
  
 device0 = comedi_open("/dev/comedi1"); 
  
 n_chans0 = comedi_get_n_channels(device0, subdev); 
  
 for(chan = 0; chan < n_chans0; ++chan) 
 { 
  maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
  comedi_data_read(device0, subdev, chan, range, aref, &data0); 
  SampleReading[chan] = comedi_to_phys(data0, comedi_get_range(device0, subdev,  
   chan, range), maxdata0); 
 } 
  
 // Set up ATI functions 
  
 calfilepath="FT5240.cal"; 
 index = 1; 
  
 // create Calibration 
  
 cal=createCalibration(calfilepath,index); 
 if (cal==NULL) { 
  printf("\nSpecified calibration could not be loaded.\n"); 
  scanf("."); 
  return 0; 
 } 
 
 // NOTE: BELOW FT SETUP KEPT IN EVENT OF FUTURE USE! 
   
 // Set force units. 
 // This step is optional; by default, the units are inherited from  
 // the calibration file. 
  
 sts=SetForceUnits(cal,"N"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid force units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
 // Set torque units. 
 // This step is optional; by default, the units are inherited from the  
 // calibration file. 
  
 sts=SetTorqueUnits(cal,"N-m"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
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  case 2: printf("Invalid torque units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
 // Set tool transform. 
 // This line is only required if you want to move or rotate the  
 // sensor's coordinate system. 
 
 sts=SetToolTransform(cal,SampleTT,"mm","degrees"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid distance units"); return 0; 
  case 3: printf("Invalid angle units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
// Trajectory begins here./////////////////////////////////////////////// 
 
 for (j = 0; j < 320; j++) // 320 points = 32hz X 10 seconds 
 
 { 
   
// Check forces/torques for contact; terminate if contact above threshold 
 
  for(chan = 0; chan < n_chans0; ++chan) 
  { 
    
   maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
    
   comedi_data_read_delayed(device0, subdev, chan, range, aref,  
    &data0, 10000); 
    
   SampleReading[chan] = comedi_to_phys(data0, \ 
    comedi_get_range(device0, subdev, chan, range), maxdata0); 
    
  } 
   
  // Bias the sensor once only. 
   
  if(biasFlag==1) 
  { 
   for (i = 0; i < 6; i++) 
    
   { 
    
   SampleBias[i] = SampleReading[i]; 
    
   } 
    
   Bias(cal, SampleBias);  
    
   biasFlag = 0; 
  } 
   
  // convert a loaded measurement into forces and torques 
   
  ConvertToFT(cal,SampleReading,FT); 
   
 
 



 
162 

// read current Titan position and write to data file 
   
 for (i = 0; i < 6; i++) 
    
  { 
    
   Data[i] = parmR->armRightCar[i]; 
    
  } 
   
 fprintf(fp, "\n %d %d %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f  
   %9.6f %9.6f %9.6f\n", j, toolOnIN, FT[0], FT[1], FT[2], FT[3], FT[4],  
   FT[5], Data[0], Data[1], Data[2], Data[3], Data[4], Data[5]); 
 
  // Calculate incremental positions once through each loop. 
   
  qNow[0] = qZero[0] + j * inc * cos(qJoints[0] + qJoints[4]); // X 
   
  qNow[1] = qZero[1] + j * inc * sin(qJoints[0] + qJoints[4]); // Y  
   
  qNow[2] = qZero[2] + j * inc * \ 
  sin(qJoints[1] + qJoints[2] + qJoints[3] -.0174); // Z  
  // (note cumulative joint error  offset) 
   
  // Don't move the wrist joints 
   
  qNow[3] = qZero[3];   // rX stays the same 
  qNow[4] = qZero[4];   // rY stays the same 
  qNow[5] = qZero[5];   // rZ stays the same 
   
   
  // Write joint positions back to shared memory. 
   
  for (i = 0; i < 6; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
 
  } 
   
  // Calculate delta position once through each loop (for wrist). 
  // WARNING: NOT FUNCTIONAL AT THIS TIME; HELD TO ZERO CHANGE. 
   
  for (i = 0; i < 6; i++) 
  { 
   qNowV[i] = qNow[i] - qNowOld[i]; 
  } 
   
  // Write joint positions back to shared memory. 
   
  for (i = 0; i < 3; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
  } 
   
  for (i = 3; i < 6; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = 0; //qNowV[i]; 
  } 
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  // Flag and write to Cartesian 
   
  grabSem(0,&sb,semid);   
  parmRW->armCtrl.updFlag=1; 
  parmRW->armCtrl.armMode=CART; 
   
  // Xfer current new positions to old positions 
   
  for (i = 0; i < 6; i++) 
  { 
   qNowOld[i] = qNow[i]; 
  } 
   
  // Return semaphore 
   
  retSem(0,&sb, semid); 
   
  // Delay to control loop rate 
   
  nanosleep(&ts, NULL); 
   
// Check forces/torques for contact; terminate if contact above threshold 
   
 
  if (((fabs(FT[0])) > contactThreshold) || ((fabs(FT[1])) > contactThreshold) || 
((fabs(FT[2])) > contactThreshold)) 
   
  { 
   senseContact = 1; 
    
   printf("FT trip values\n"); 
  
   printf("FT:\n"); 
   printf("%f %f %f %f %f %f\n\n", \ 
   FT[0], FT[1], FT[2], FT[3], FT[4], FT[5]); 
    
// timestamp 
  
   now = time(NULL); 
  
   fprintf(fp, "\n%s\n",ctime(&now)); 
    
   j = 320; 
  } 
   
  // Loop  
   
 } 
 
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
  
// exit mode...clean up and get out 
 
 grabSem(0,&sb,semid); 
  
 parmRW->armCtrl.armMode=IDLE;  
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 retSem(0,&sb, semid);  
 
// free memory allocated to Calibration structure 
 
 destroyCalibration(cal); 
  
 comedi_close(device0);  
 
return 0; 
 
} 
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/************************************************************************** 
*  
* bApproachV.c 
*  
* DISSERTATION SOFTWARE 
*  
* Behavior-based Telerobotic Tool Control 
* Mark W. Noakes 
* Dept of Mechanical, Aerospace, and Biomedical Engineering 
* University of Tennessee at Knoxville 
* 
* 
* 
**************************************************************************/ 
 
/************************************************************************* 
* 
*  Obligatory Acknowledgements for libraries used in this file. 
* 
* ATIDAQ F/T C Library 
* v1.0.1 
* Copyright (c) 2001 ATI Industrial Automation 
* 
* The MIT License 
*  
* Permission is hereby granted, free of charge, to any person obtaining a 
* copy of this software and associated documentation files (the "Software") 
* to deal in the Software without restriction, including without limitation 
* the rights to use, copy, modify, merge, publish, distribute, sublicense, 
* and/or sell copies of the Software, and to permit persons to whom the 
* Software is furnished to do so, subject to the following conditions: 
*  
* The above copyright notice and this permission notice shall be included 
* in all copies or substantial portions of the Software. 
*  
* THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS  
* OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF  
* MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.  
* IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY  
* CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,  
* TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE  
* SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE. 
* 
***************************************************************************/ 
 
/************************************************************************** 
* Comedilib 
* Copyright (c) 1999,2000 David A. Schleef <ds@schleef.org> 
* 
* This file may be freely modified, distributed, and combined with 
* other software, as long as proper attribution is given in the 
* source code. 
* 
**************************************************************************/ 
 
#include "newChild.h" 
 
#include <time.h> 
#include <math.h>  
 
#include "comediFT.h" 
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static int biasFlag = 1; // for sampleBias switching initializing the F/T 
 
int read_writeIO(void);  // reads comedi0 analog/digital IO 
 
int bApproachV(void) 
{ 
 
// System level communications 
  
int QUIT = 0; 
  
  int shmidR,shmidRW, semid;  // IPC idenfitiers 
  key_t key_memRW,key_memR, key_sem;// keys for shared mem and semphores. 
  struct sembuf sb; // semaphore control structure  
   
//************************************************************************* 
  
void safe_quit(void) 
{ 
 QUIT=1; 
} 
  
//*************************************************************************  
 
//************************************************************************* 
  
int grabSem(int semNum,  struct sembuf *sb, int semid)  
 //semNum should be zero for this program so far. 
{             
 sb->sem_op=-1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1)  
  // make sure you're using the semaphore when it is necessary. 
 { 
  perror("semaphore access problem");  
  QUIT=1;  
   
 }          
 return 1;         
} 
  
//************************************************************************* 
  
int retSem(int semNum,  struct sembuf *sb, int semid)  
 //semNum should be zero for this program so far. 
{             
 sb->sem_op=1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1) 
 { 
  perror("semaphore return problem ");   
  QUIT=1;   
 }      
 return 1;         
} 
  
//************************************************************************* 
 
// Calculate for each DOF; numbers in inches, used in trajectory calcs. 
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double   qZero[6]; // Start point of robotic move  
    // (where you are now) 
  
double   qNow[6]; // Current calculated point in  
    // robotic trajectory 
          
double   qNowV[6]; // Incremental velocity for wrist  
    // orientations--warning not functional 
  
double   qNowOld[6]; // Used for incremental velocity calcs 
 
// Stored instantaneous joint positions 
 
extern double qJoints[7]; 
 
// Following joint positions are ordered as follows:  
// shoulder azimuth, shoulder pitch, elbow, wrist pitch, wrist yaw,  
// wrist roll 
 
 double Data[6]; // current manipulator position 
  
 int senseContact = 0; 
  
// Loop timing management using nanosleep( ) 
  
 struct timespec ts; 
 ts.tv_sec = 0; 
// ts.tv_nsec = 31250000; // 32 hz, not calibrated 
 ts.tv_nsec = 24400000; // calibrated for actual runtime 32 hz 
  
// time-stamping variables 
  
 time_t time(time_t *tp); 
  
 time_t now; 
  
// file for data capture 
  
 FILE *fp; 
  
 if ((fp = fopen("approachV_data", "wb"))==NULL) 
   
 { 
  printf("Cannot open file.\n"); 
  exit(1); 
 } 
  
// Setup shared memory 
  
 child2( ); 
  
// Loop Variables 
  
 int i = 0; 
 int j = 0; 
 
 double inc = .015625; // .5 in/sec @ 32 hz 
 float contactThreshold = .50; 
   
 // Set constraints and scaling.  
 // Note that positions use 1; orientations use 0. 
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 for (i=0;i<6;i++) //initialize memory  
 {  
  parmRW->armCtrl.axesConstr[i]=1.0; 
  parmRW->armCtrl.axesScal[i]=1.0; 
  parmRW->armCtrl.armMode=IDLE; 
  parmRW->armCtrl.cartesCtrl[i]=parmR->armRightCar[i]; 
  if(i>2) 
  { 
   parmRW->armCtrl.cartesCtrl[i]=0.0; 
  } 
   
 } 
   
// Read the starting Cartesian position (where you are now) from  
// shared memory. 
 
 for (i = 0; i < 6; i++) 
 { 
  qZero[i] = parmR->armRightCar[i]; 
 } 
    
// Read the starting joint angles (where you are now) from shared memory. 
// This is for end-effecter orientation calculations. 
  
 for (i = 0; i < 6; i++) 
 { 
  qJoints[i] = parmR->armRight[i]; 
 } 
  
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
   
// Set up Force/Torque Sensor 
  
 char *calfilepath;    // name of calibration file 
 unsigned short index; // index of calibration in file (second parameter;  
     // default = 1) 
 Calibration *cal; // struct containing calibration information 
// unsigned short i;     // loop variable used to print results 
 short sts;            // return value from functions 
 
 // ATI F/T sensor variables 
  
 float SampleBias[7]; // measures  preloads on sensor before starting task 
  
 float SampleReading[7]; // raw sensor values as read from comedi1 
  
 float SampleTT[6]={0,0,0,0,0,0}; //sensor axis transform 
 // Translate along/about {x translate, y translate, z translate,  
 // x rotate, y rotate, z rotate} 
  
 float FT[6]={0,0,0,0,0,0}; // array to hold the resultant  
      // force/torque vector. 
  
 
 
 



 
169 

 // comedi1 variables 
  
 int subdev = 0;  // analog port (comedi1 not used for anything  
     // other than F/T sensor) 
 int range = 0;  // 0 = +/10VDC 
 int aref = AREF_DIFF; // Differential Input  
  
 int n_chans0; 
 int maxdata0; 
 comedi_t *device0; 
 int chan=0; 
 lsampl_t data0; 
  
 device0 = comedi_open("/dev/comedi1"); 
  
 n_chans0 = comedi_get_n_channels(device0, subdev); 
  
 for(chan = 0; chan < n_chans0; ++chan) 
 { 
  maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
  comedi_data_read(device0, subdev, chan, range, aref, &data0); 
  SampleReading[chan] = comedi_to_phys(data0, comedi_get_range(device0, subdev, 
chan, range), maxdata0); 
 } 
  
 // Set up ATI functions 
  
 calfilepath="FT5240.cal"; 
 index = 1; 
  
 // create Calibration 
  
 cal=createCalibration(calfilepath,index); 
 if (cal==NULL) { 
  printf("\nSpecified calibration could not be loaded.\n"); 
  scanf("."); 
  return 0; 
 } 
 
 // NOTE: BELOW FT SETUP KEPT IN EVENT OF FUTURE USE! 
   
 // Set force units. 
 // This step is optional; by default, the units are inherited from  
 // the calibration file. 
  
 sts=SetForceUnits(cal,"N"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid force units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
 // Set torque units. 
 // This step is optional; by default, the units are inherited from the  
 // calibration file. 
  
 sts=SetTorqueUnits(cal,"N-m"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
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  case 2: printf("Invalid torque units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
 // Set tool transform. 
 // This line is only required if you want to move or rotate the  
 // sensor's coordinate system. 
 
 sts=SetToolTransform(cal,SampleTT,"mm","degrees"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid distance units"); return 0; 
  case 3: printf("Invalid angle units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
// Trajectory begins here./////////////////////////////////////////////// 
 
 for (j = 0; j < 640; j++) // 640 points = 32hz X 20 seconds 
 
 { 
   
// Check forces/torques for contact; terminate if contact above threshold 
 
  for(chan = 0; chan < n_chans0; ++chan) 
  { 
    
   maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
    
   comedi_data_read_delayed(device0, subdev, chan, range, aref,  
    &data0, 10000); 
    
   SampleReading[chan] = comedi_to_phys(data0, \ 
    comedi_get_range(device0, subdev, chan, range), maxdata0); 
    
  } 
   
  // Bias the sensor once only. 
   
  if(biasFlag==1) 
  { 
   for (i = 0; i < 6; i++) 
    
   { 
    
   SampleBias[i] = SampleReading[i]; 
    
   } 
    
   Bias(cal, SampleBias);  
    
   biasFlag = 0; 
  } 
   
  // convert a loaded measurement into forces and torques 
   
  ConvertToFT(cal,SampleReading,FT); 
   
// read current Titan position and write to data file 
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 for (i = 0; i < 6; i++) 
    
  { 
    
   Data[i] = parmR->armRightCar[i]; 
    
  } 
   
 fprintf(fp, "\n %d %d %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f  
   %9.6f %9.6f %9.6f\n", j, toolOnIN, FT[0], FT[1], FT[2], FT[3], FT[4],  
   FT[5], Data[0], Data[1], Data[2], Data[3], Data[4], Data[5]); 
 
  // Calculate incremental positions once through each loop. 
   
  qNow[0] = qZero[0]; // X 
   
  qNow[1] = qZero[1]; // Y  
   
  qNow[2] = qZero[2] - j * (inc/4.0); // Z  
  // (note cumulative joint error offset) 
   
  // Don't move the wrist joints 
   
  qNow[3] = qZero[3];   // rX stays the same 
  qNow[4] = qZero[4];   // rY stays the same 
  qNow[5] = qZero[5];   // rZ stays the same 
   
   
  // Write joint positions back to shared memory. 
   
  for (i = 0; i < 6; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
    
  } 
   
  // Calculate delta position once through each loop (for wrist). 
  // WARNING: NOT FUNCTIONAL AT THIS TIME; HELD TO ZERO CHANGE. 
   
  for (i = 0; i < 6; i++) 
  { 
   qNowV[i] = qNow[i] - qNowOld[i]; 
  } 
   
  // Write joint positions back to shared memory. 
 
  for (i = 0; i < 3; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
  } 
   
  for (i = 3; i < 6; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = 0; //qNowV[i]; 
  } 
   
  // Flag and write to Cartesian 
   
  grabSem(0,&sb,semid);   
  parmRW->armCtrl.updFlag=1; 
  parmRW->armCtrl.armMode=CART; 
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  // Xfer current new positions to old positions 
   
  for (i = 0; i < 6; i++) 
  { 
   qNowOld[i] = qNow[i]; 
  } 
   
  // Return semaphore 
   
  retSem(0,&sb, semid); 
   
  // Delay to control loop rate 
   
// Check forces/torques for contact; terminate if contact above threshold 
   
 
  if (FT[4] > contactThreshold) 
   
  { 
   senseContact = 1; 
    
   printf("FT trip values\n"); 
  
   printf("FT:\n"); 
   printf("%f %f %f %f %f %f\n\n", \ 
   FT[0], FT[1], FT[2], FT[3], FT[4], FT[5]); 
    
// timestamp 
  
   now = time(NULL); 
  
   fprintf(fp, "\n%s\n",ctime(&now)); 
    
   j = 640; 
  } 
   
  nanosleep(&ts, NULL); 
   
  // Loop until j = 640 
   
 } 
 
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
  
// exit mode...clean up and get out 
 
 grabSem(0,&sb,semid);  
  
 parmRW->armCtrl.armMode=IDLE;  
 
 retSem(0,&sb, semid);  
 
// free memory allocated to Calibration structure 
 
 destroyCalibration(cal); 
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 comedi_close(device0);  
 
return 0; 
 
} 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
174 

/************************************************************************** 
*  
* bBackH.c 
*  
* DISSERTATION SOFTWARE 
*  
* Behavior-based Telerobotic Tool Control 
* Mark W. Noakes 
* Dept of Mechanical, Aerospace, and Biomedical Engineering 
* University of Tennessee at Knoxville 
* 
**************************************************************************/ 
 
/************************************************************************* 
* 
*  Obligatory Acknowledgements for libraries used in this file. 
* 
* ATIDAQ F/T C Library 
* v1.0.1 
* Copyright (c) 2001 ATI Industrial Automation 
* 
* The MIT License 
*  
* Permission is hereby granted, free of charge, to any person obtaining a 
* copy of this software and associated documentation files (the "Software") 
* to deal in the Software without restriction, including without limitation 
* the rights to use, copy, modify, merge, publish, distribute, sublicense, 
* and/or sell copies of the Software, and to permit persons to whom the 
* Software is furnished to do so, subject to the following conditions: 
*  
* The above copyright notice and this permission notice shall be included 
* in all copies or substantial portions of the Software. 
*  
* THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS  
* OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF  
* MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.  
* IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY  
* CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,  
* TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE  
* SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE. 
* 
**************************************************************************/ 
 
/************************************************************************** 
* Comedilib 
* Copyright (c) 1999,2000 David A. Schleef <ds@schleef.org> 
* 
* This file may be freely modified, distributed, and combined with 
* other software, as long as proper attribution is given in the 
* source code. 
* 
**************************************************************************/ 
 
#include "newChild.h" 
 
#include <time.h> 
#include <math.h>  
 
 
#include "comediFT.h" 
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static int biasFlag = 1; // for sampleBias switching initializing F/T 
 
int read_writeIO(void);  // reads comedi0 analog/digital IO 
 
int bBackH(void) 
{ 
  
int QUIT = 0; 
  
  int shmidR,shmidRW, semid; // IPC idenfitiers 
  key_t key_memRW,key_memR, key_sem;  // keys for shared mem and semphores. 
  struct sembuf sb; // semaphore control structure  
   
 //************************************************************************ 
     
void safe_quit(void) 
{ 
 QUIT=1; 
} 
  
//*************************************************************************  
 
//************************************************************************* 
  
int grabSem(int semNum,  struct sembuf *sb, int semid)  
//semNum should be zero for this program so far. 
{             
 sb->sem_op=-1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1)  
 // make sure you're using the semaphore when it is necessary. 
 { 
  perror("semaphore access problem");  
  QUIT=1;  
   
 }          
 return 1;         
} 
  
//************************************************************************* 
  
int retSem(int semNum,  struct sembuf *sb, int semid)  
//semNum should be zero for this program so far. 
{             
 sb->sem_op=1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1) 
 { 
  perror("semaphore return problem ");   
  QUIT=1;   
 }      
 return 1;         
} 
  
//************************************************************************* 
 
// Calculate for each DOF; numbers in inches, used in trajectory calcs. 
 
double   qZero[6];   // Start point of robotic move  
      // (where you are now) 
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double   qNow[6]; // Current calculated point in  
    // robotic trajectory 
          
double   qNowV[6]; // Incremental velocity for wrist  
    // orientations 
  
double   qNowOld[6]; // Used for incremental velocity calcs 
 
// Stored instantaneous joint positions 
 
double   qJoints[7]; 
 
// Following joint positions are ordered as follows:  
// shoulder azimuth, shoulder pitch, elbow, wrist pitch, wrist yaw,  
// wrist roll 
 
double Data[6];  // current manipulator position 
 
// Position increment instead of time but run at sample time. 
 
int senseContact = 0; 
  
// Loop timing management using nanosleep( ) 
  
 struct timespec ts; 
 ts.tv_sec = 0; 
// ts.tv_nsec = 31250000; // set to 32 hz 
 ts.tv_nsec = 24400000; // calibrated for actual runtime 32 hz 
  
// time-stamping variables 
  
 time_t time(time_t *tp); 
  
 time_t now; 
  
// file for data capture 
  
 FILE *fp; 
  
 if ((fp = fopen("backH_data", "wb"))==NULL) 
   
 { 
  printf("Cannot open file.\n"); 
  exit(1); 
 } 
  
// Setup shared memory 
  
 child2( ); 
  
// Set up Force/Torque Sensor 
  
 char *calfilepath;     // name of calibration file 
 unsigned short index;  // index of calibration in file 
 Calibration *cal; // struct containing calibration information 
 short sts;             // return value from functions 
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// ATI F/T sensor variables 
  
 float SampleBias[7]; // measures preloads on sensor before starting 
  
 float SampleReading[7]; // raw sensor values as read from comedi1 
  
 float SampleTT[6]={0,0,0,0,0,0}; //sensor axis transform 
 // Translate along/about {x translate, y translate, z translate,  
 // x rotate, y rotate, z rotate} 
  
 float FT[6]={0,0,0,0,0,0}; // array to hold the resultant  
      // force/torque vector.  
  
 // comedi1 variables 
  
 int subdev = 0;   // analog port (comedi1 not used for anything  
      // other than F/T sensor) 
 int range = 0;   // 0 = +/10VDC 
 int aref = AREF_DIFF;  // Differential Input  
  
 int n_chans0; 
 int maxdata0; 
 comedi_t *device0; 
 int chan=0; 
 lsampl_t data0; 
  
 device0 = comedi_open("/dev/comedi1"); 
  
 n_chans0 = comedi_get_n_channels(device0, subdev); 
  
 for(chan = 0; chan < n_chans0; ++chan) 
 { 
  maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
  comedi_data_read(device0, subdev, chan, range, aref, &data0); 
  SampleReading[chan] = comedi_to_phys(data0, comedi_get_range(device0, subdev,  
   chan, range), maxdata0); 
 } 
  
// Set up ATI functions 
  
 calfilepath="FT5240.cal"; 
 index = 1; 
  
// create Calibration 
  
 cal=createCalibration(calfilepath,index); 
 if (cal==NULL) { 
  printf("\nSpecified calibration could not be loaded.\n"); 
  scanf("."); 
  return 0; 
 } 
  
 // NOTE: BELOW FT SETUP KEPT IN EVENT OF FUTURE USE! 
  
 // Set force units. 
 // This step is optional; by default, the units are inherited from  
 // the calibration file. 
  
 sts=SetForceUnits(cal,"N"); 
 switch (sts) { 
  case 0: break; // successful completion 
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  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid force units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
 // Set torque units. 
 // This step is optional; by default, the units are inherited from the  
 // calibration file. 
  
 sts=SetTorqueUnits(cal,"N-m"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid torque units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
 // Set tool transform. 
 // This line is only required if you want to move or rotate the  
 // sensor's coordinate system. 
  
 sts=SetToolTransform(cal,SampleTT,"mm","degrees"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid distance units"); return 0; 
  case 3: printf("Invalid angle units"); return 0; 
  default: printf("Unknown error"); return 0; 
 }  
 
// Variables 
  
 int i = 0; 
 int j = 0; 
 int k = 16; 
  
 double inc = .015625; // .5 in/sec @ 32 hz 
 float contactThreshold = 20.00;  
  
  
 // Set constraints and scaling. Note that positions use 1;  
 // orientations use 0. 
  
 for (i=0;i<6;i++) //initialize memory  
 {  
  parmRW->armCtrl.axesConstr[i]=1.0; 
  parmRW->armCtrl.axesScal[i]=1.0; 
  parmRW->armCtrl.armMode=IDLE; 
  parmRW->armCtrl.cartesCtrl[i]=parmR->armRightCar[i]; 
  if(i>2) 
  { 
   parmRW->armCtrl.cartesCtrl[i]=0.0; 
  } 
   
 } 
 
// Read the starting Cartesian position (where you are now) from  
// shared memory. 
 
 for (i = 0; i < 6; i++) 
 { 



 
179 

  qZero[i] = parmR->armRightCar[i]; 
 } 
    
// Read the starting joint angles (where you are now) from shared memory. 
// This is for end-effecter orientation calculations. 
  
 for (i = 0; i < 6; i++) 
 { 
  qJoints[i] = parmR->armRight[i]; 
 } 
 
  
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
 
// Trajectory begins here./////////////////////////////////////////////// 
 
 for (j = 0; j < 64; j++) // back away from pipe after contact 
 { 
 
 // Check forces/torques for contact; terminate if contact above  
 // threshold and minimum distance is reached. 
 
  for(chan = 0; chan < n_chans0; ++chan) 
  { 
    
   maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
    
   comedi_data_read_delayed(device0, subdev, chan, range, aref, &data0,  
    10000); 
    
   SampleReading[chan] = comedi_to_phys(data0, comedi_get_range(device0,  
    subdev, chan, range), maxdata0); 
    
  } 
   
  // Bias the sensor once only. 
   
  if(biasFlag==1) 
  { 
   for (i = 0; i < 6; i++) 
    
   { 
    
   SampleBias[i] = SampleReading[i]; 
    
   } 
    
   Bias(cal, SampleBias);  
    
   biasFlag = 0; 
  } 
   
  // convert a loaded measurement into forces and torques 
   
  ConvertToFT(cal,SampleReading,FT); 
    
// read current Titan position and write to data file 
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 for (i = 0; i < 6; i++) 
    
  { 
    
   Data[i] = parmR->armRightCar[i]; 
    
  } 
   
  fprintf(fp, "\n %d %d %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f  
   %9.6f %9.6f %9.6f\n", j, toolOnIN, FT[0], FT[1], FT[2], FT[3], FT[4],  
   FT[5], Data[0], Data[1], Data[2], Data[3], Data[4], Data[5]); 
 
  // Calculate incremental positions once through each loop. 
   
  qNow[0] = qZero[0] - j * inc * cos(qJoints[0] + qJoints[4]); // X 
   
  qNow[1] = qZero[1] - j * inc * sin(qJoints[0] + qJoints[4]); // Y  
   
  qNow[2] = qZero[2] - j * inc * \ 
  sin(qJoints[1] + qJoints[2] + qJoints[3] -.0174); // Z  
  // (note cumulative joint error  offset) 
   
  // Don't move the wrist joints 
   
  qNow[3] = qZero[3];   // rX stays the same 
  qNow[4] = qZero[4];   // rY stays the same 
  qNow[5] = qZero[5];   // rZ stays the same 
   
  // Write joint positions back to shared memory. 
   
  for (i = 0; i < 6; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
    
  }  
   
  // Calculate delta position once through each loop (for wrist). 
   
  for (i = 0; i < 6; i++) 
  { 
   qNowV[i] = qNow[i] - qNowOld[i]; 
  } 
   
  // Write joint positions back to shared memory. 
  // Position uses qNow; orientation uses qNowV. 
  // 0, 1, 2 are qNow for positions; 
  // 3, 4, 5 are qNowV for velocities. 
   
  for (i = 0; i < 3; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
  } 
   
  for (i = 3; i < 6; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = 0; //qNowV[i]; 
  } 
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  // Flag and write to Cartesian 
   
  grabSem(0,&sb,semid);   
  parmRW->armCtrl.updFlag=1; 
  parmRW->armCtrl.armMode=CART; 
   
  // Xfer current new positions to old positions 
   
  for (i = 0; i < 6; i++) 
  { 
   qNowOld[i] = qNow[i]; 
  } 
   
  // Return semaphore 
   
  retSem(0,&sb, semid); 
 
// Check forces/torques for contact; terminate if contact above threshold   
 
  if (FT[0] > contactThreshold) 
   
  { 
 
   if ( senseContact == 0) 
    
   { 
     
   printf("FT trip values\n"); 
  
   printf("FT:\n"); 
   printf("%d %f %f %f %f %f %f\n\n", \ 
   j, FT[0], FT[1], FT[2], FT[3], FT[4], FT[5]); 
    
   // timestamp 
  
   now = time(NULL); 
  
   fprintf(fp, "\n%s\n",ctime(&now)); 
    
   senseContact = 1; 
    
   } 
    
   if (k == 0) 
    
   { 
    
   j = 64; 
    
   } 
    
   k = k - 1; 
    
  } 
   
  // Delay to control loop rate 
   
  nanosleep(&ts, NULL); 
   
  // Loop  
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 } 
 
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
  
// exit mode...clean up and get out 
 
grabSem(0,&sb,semid);  
parmRW->armCtrl.armMode=IDLE;  
retSem(0,&sb, semid);  
 
} 
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/************************************************************************** 
*  
* bBackV.c 
*  
* DISSERTATION SOFTWARE 
*  
* Behavior-based Telerobotic Tool Control 
* Mark W. Noakes 
* Dept of Mechanical, Aerospace, and Biomedical Engineering 
* University of Tennessee at Knoxville 
* 
**************************************************************************/ 
 
/************************************************************************* 
* 
*  Obligatory Acknowledgements for libraries used in this file. 
* 
* ATIDAQ F/T C Library 
* v1.0.1 
* Copyright (c) 2001 ATI Industrial Automation 
* 
* The MIT License 
*  
* Permission is hereby granted, free of charge, to any person obtaining a 
* copy of this software and associated documentation files (the "Software") 
* to deal in the Software without restriction, including without limitation 
* the rights to use, copy, modify, merge, publish, distribute, sublicense, 
* and/or sell copies of the Software, and to permit persons to whom the 
* Software is furnished to do so, subject to the following conditions: 
*  
* The above copyright notice and this permission notice shall be included 
* in all copies or substantial portions of the Software. 
*  
* THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS  
* OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF  
* MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.  
* IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY  
* CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,  
* TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE  
* SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE. 
* 
*************************************************************************/ 
 
/************************************************************************** 
* Comedilib 
* Copyright (c) 1999,2000 David A. Schleef <ds@schleef.org> 
* 
* This file may be freely modified, distributed, and combined with 
* other software, as long as proper attribution is given in the 
* source code. 
* 
*************************************************************************/ 
 
#include "newChild.h" 
 
#include <time.h> 
#include <math.h>  
 
#include "comediFT.h" 
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static int biasFlag = 1; // for sampleBias switching initializing F/T 
 
int read_writeIO(void);  // reads comedi0 analog/digital IO 
 
 
int bBackV(void) 
{ 
  
int QUIT = 0; 
  
  int shmidR,shmidRW, semid; // IPC idenfitiers 
  key_t key_memRW,key_memR, key_sem;  // keys for shared mem and semphores. 
  struct sembuf sb; // semaphore control structure  
   
 //************************************************************************    
  
void safe_quit(void) 
{ 
 QUIT=1; 
} 
  
//*************************************************************************  
 
//************************************************************************* 
  
int grabSem(int semNum,  struct sembuf *sb, int semid)  
//semNum should be zero for this program so far. 
{             
 sb->sem_op=-1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1)  
 // make sure you're using the semaphore when it is necessary. 
 { 
  perror("semaphore access problem");  
  QUIT=1;  
   
 }          
 return 1;         
} 
  
//************************************************************************* 
  
int retSem(int semNum,  struct sembuf *sb, int semid)  
//semNum should be zero for this program so far. 
{             
 sb->sem_op=1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1) 
 { 
  perror("semaphore return problem ");   
  QUIT=1;   
 }      
 return 1;         
} 
  
//************************************************************************* 
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// Calculate for each DOF; numbers in inches, used in trajectory calcs. 
 
double  qZero[6]; // Start point of robotic move  
    // (where you are now) 
  
double   qNow[6]; // Current calculated point in  
    // robotic trajectory 
          
double   qNowV[6]; // Incremental velocity for wrist  
    // orientations 
  
double   qNowOld[6]; // Used for incremental velocity calcs 
 
 
// Stored instantaneous joint positions 
 
double qJoints[7]; 
 
// Following joint positions are ordered as follows:  
// shoulder azimuth, shoulder pitch, elbow, wrist pitch, wrist yaw,  
// wrist roll 
 
 double Data[6]; // current manipulator position 
 
// Position increment instead of time but run at sample time. 
 
 int senseContact = 0; 
  
// Loop timing management using nanosleep( ) 
  
 struct timespec ts; 
 ts.tv_sec = 0; 
// ts.tv_nsec = 31250000; // set to 32 hz 
 ts.tv_nsec = 24400000; // calibrated for actual runtime 32 hz 
  
// time-stamping variables 
  
 time_t time(time_t *tp); 
  
 time_t now; 
  
// file for data capture 
  
 FILE *fp; 
  
 if ((fp = fopen("backV_data", "wb"))==NULL) 
   
 { 
  printf("Cannot open file.\n"); 
  exit(1); 
 } 
  
// Setup shared memory 
  
 child2( ); 
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// Set up Force/Torque Sensor 
  
 char *calfilepath;     // name of calibration file 
 unsigned short index;  // index of calibration in file 
 Calibration *cal; // struct containing calibration information 
 
 short sts;            // return value from functions 
  
// ATI F/T sensor variables 
  
 float SampleBias[7]; // measures preloads on sensor before starting 
  
 float SampleReading[7]; // raw sensor values as read from comedi1 
  
 float SampleTT[6]={0,0,0,0,0,0}; //sensor axis transform 
 // Translate along/about {x translate, y translate, z translate,  
 // x rotate, y rotate, z rotate} 
  
 float FT[6]={0,0,0,0,0,0};  // array to hold the resultant  
 // force/torque vector.  
  
 // comedi1 variables 
  
 int subdev = 0;   // analog port (comedi1 not used for anything  
      // other than F/T sensor) 
 int range = 0;   // 0 = +/10VDC 
 int aref = AREF_DIFF;  // Differential Input  
  
 int n_chans0; 
 int maxdata0; 
 comedi_t *device0; 
 int chan=0; 
 lsampl_t data0; 
  
 device0 = comedi_open("/dev/comedi1"); 
  
 n_chans0 = comedi_get_n_channels(device0, subdev); 
  
 for(chan = 0; chan < n_chans0; ++chan) 
 { 
  maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
  comedi_data_read(device0, subdev, chan, range, aref, &data0); 
  SampleReading[chan] = comedi_to_phys(data0, comedi_get_range(device0, subdev,  
   chan, range), maxdata0); 
 } 
  
 // Set up ATI functions 
  
 calfilepath="FT5240.cal"; 
 index = 1; 
  
 // create Calibration 
  
 cal=createCalibration(calfilepath,index); 
 if (cal==NULL) { 
  printf("\nSpecified calibration could not be loaded.\n"); 
  scanf("."); 
  return 0; 
 } 
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 // NOTE: BELOW FT SETUP KEPT IN EVENT OF FUTURE USE! 
  
 // Set force units. 
 // This step is optional; by default, the units are inherited from  
 // the calibration file. 
  
 sts=SetForceUnits(cal,"N"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid force units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
 // Set torque units. 
 // This step is optional; by default, the units are inherited from the  
 // calibration file. 
  
 sts=SetTorqueUnits(cal,"N-m"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid torque units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
 // Set tool transform. 
 // This line is only required if you want to move or rotate the  
 // sensor's coordinate system. 
  
 sts=SetToolTransform(cal,SampleTT,"mm","degrees"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid distance units"); return 0; 
  case 3: printf("Invalid angle units"); return 0; 
  default: printf("Unknown error"); return 0; 
 }  
  
 
// Variables 
  
 int i = 0; 
 int j = 0; 
 int k = 32; 
  
 double inc = .015625; // .5 in/sec @ 32 hz 
 float contactThreshold = 0.00; // 
  
  
 // Set constraints and scaling. Note that positions use 1; orientations  
 // use 0. 
  
 for (i=0;i<6;i++) //initialize memory  
 {  
  parmRW->armCtrl.axesConstr[i]=1.0; 
  parmRW->armCtrl.axesScal[i]=1.0; 
  parmRW->armCtrl.armMode=IDLE; 
  parmRW->armCtrl.cartesCtrl[i]=parmR->armRightCar[i]; 
  if(i>2) 
  { 
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   parmRW->armCtrl.cartesCtrl[i]=0.0; 
  } 
   
 } 
  
// Read the starting Cartesian position (where you are now) from  
// shared memory. 
 
 for (i = 0; i < 6; i++) 
 { 
  qZero[i] = parmR->armRightCar[i]; 
 } 
    
// Read the starting joint angles (where you are now) from shared memory. 
// This is for end-effecter orientation calculations. 
  
 for (i = 0; i < 6; i++) 
 { 
  qJoints[i] = parmR->armRight[i]; 
 } 
  
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
 
// Trajectory begins here./////////////////////////////////////////////// 
 
 for (j = 0; j < 320; j++) // back away from pipe after contact 
 
 { 
 
// Check forces/torques for contact; terminate if contact above threshold 
 
  for(chan = 0; chan < n_chans0; ++chan) 
  { 
    
   maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
    
   comedi_data_read_delayed(device0, subdev, chan, range, aref, &data0, 
    10000); 
    
   SampleReading[chan] = comedi_to_phys(data0, comedi_get_range(device0,  
    subdev, chan, range), maxdata0); 
    
  } 
   
  // Bias the sensor once only. 
   
  if(biasFlag==1) 
  { 
   for (i = 0; i < 6; i++) 
    
   { 
    
   SampleBias[i] = SampleReading[i]; 
    
   } 
    
   Bias(cal, SampleBias);  
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   biasFlag = 0; 
  } 
   
  // convert a loaded measurement into forces and torques 
   
  ConvertToFT(cal,SampleReading,FT); 
   
   
// read current Titan position and write to data file 
   
 for (i = 0; i < 6; i++) 
    
  { 
    
   Data[i] = parmR->armRightCar[i]; 
    
  } 
   
  fprintf(fp, "\n %d %d %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f  
   %9.6f %9.6f %9.6f\n", j, toolOnIN, FT[0], FT[1], FT[2], FT[3], FT[4],  
   FT[5], Data[0], Data[1], Data[2], Data[3], Data[4], Data[5]); 
 
  // Calculate incremental positions once through each loop. 
   
  qNow[0] = qZero[0];    // X stays the same 
   
  qNow[1] = qZero[1];    // Y stays the same 
   
  qNow[2] = qZero[2] + j * (inc/4.0);  // Z moves positive 
   
  // Don't move the wrist joints 
   
  qNow[3] = qZero[3];    // rX stays the same 
  qNow[4] = qZero[4];    // rY stays the same 
  qNow[5] = qZero[5];    // rZ stays the same 
   
  // Write joint positions back to shared memory. 
   
  for (i = 0; i < 6; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
 
  }  
   
  // Calculate delta position once through each loop (for wrist). 
   
  for (i = 0; i < 6; i++) 
  { 
   qNowV[i] = qNow[i] - qNowOld[i]; 
  } 
     
  // Write joint positions back to shared memory. 
  // Position uses qNow; orientation uses qNowV. 
  // 0, 1, 2 are qNow for positions, 3, 4, 5 are qNowV for  
  // velocities. 
   
  for (i = 0; i < 3; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
  } 
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  for (i = 3; i < 6; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = 0; //qNowV[i]; 
  } 
   
  // Flag and write to Cartesian 
   
  grabSem(0,&sb,semid);   
  parmRW->armCtrl.updFlag=1; 
  parmRW->armCtrl.armMode=CART; 
   
  // Xfer current new positions to old positions 
   
  for (i = 0; i < 6; i++) 
  { 
   qNowOld[i] = qNow[i]; 
  } 
   
  // Return semaphore 
   
  retSem(0,&sb, semid); 
 
// Check forces/torques for contact 
// Terminate if contact above threshold and momentum goes to 0 
   
 
  if (FT[4] < contactThreshold) 
   
  { 
   if (senseContact == 0) 
    
   { 
    
   printf("FT trip values\n"); 
  
   printf("FT:\n"); 
   printf("%d %f %f %f %f %f %f\n\n", \ 
   j, FT[0], FT[1], FT[2], FT[3], FT[4], FT[5]); 
    
   // timestamp 
  
   now = time(NULL); 
  
   fprintf(fp, "\n%s\n",ctime(&now)); 
    
   senseContact = 1; 
    
   } 
    
   if (k == 0) 
    
   { 
    
   j = 320; 
    
   } 
    
   k = k - 1; // Simulates momentum to guarantee FT sensor  
        // clear of contact 
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  }   
   
  // Delay to control loop rate 
   
  nanosleep(&ts, NULL); 
   
  // Loop  
   
 } 
 
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
  
// exit mode...clean up and get out 
 
grabSem(0,&sb,semid);  
parmRW->armCtrl.armMode=IDLE;  
retSem(0,&sb, semid);  
 
return 0; 
 
} 
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/************************************************************************** 
*  
* bRetractB.c 
*  
* DISSERTATION SOFTWARE 
*  
* Behavior-based Telerobotic Tool Control 
* Mark W. Noakes 
* Dept of Mechanical,  
Aerospace, and Biomedical Engineering 
* University of Tennessee at Knoxville 
* 
**************************************************************************/ 
 
#include "newChild.h" 
 
#include <time.h> 
#include <math.h>  
 
int read_writeIO(void); // reads comedi0 analog/digital IO 
 
int bRetractB(void) 
{ 
  
int QUIT = 0; 
  
  int shmidR,shmidRW, semid; // IPC idenfitiers 
  key_t key_memRW,key_memR, key_sem;  // keys for shared mem and semphores. 
  struct sembuf sb; // semaphore control structure  
   
 //************************************************************************ 
  
void safe_quit(void) 
{ 
 QUIT=1; 
} 
  
//************************************************************************* 
 
//************************************************************************* 
  
int grabSem(int semNum,  struct sembuf *sb, int semid)  
//semNum should be zero for this program. 
{             
 sb->sem_op=-1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1)  
 
 { 
  perror("semaphore access problem");  
  QUIT=1;  
   
 }          
 return 1;         
} 
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//************************************************************************* 
  
int retSem(int semNum,  struct sembuf *sb, int semid)  
//semNum should be zero for this program. 
  
{             
 sb->sem_op=1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1) 
 { 
  perror("semaphore return problem ");   
  QUIT=1;   
 }      
 return 1;         
} 
  
//************************************************************************* 
 
// Calculate for each DOF; numbers in inches, used in trajectory calcs. 
 
double  qZero[6];  // Start point of robotic move  
    // (where you are now) 
  
double  qNow[6]; // Current calculated point in  
    // robotic trajectory 
          
double  qNowV[6]; // Incremental velocity for wrist  
    // orientations 
  
double  qNowOld[6]; // Used for incremental velocity calcs 
 
// Stored instantaneous joint positions 
 
double  qJoints[7]; 
 
// Following joint positions are ordered as follows:  
// shoulder azimuth, shoulder pitch, elbow, wrist pitch, wrist yaw,  
// wrist roll 
 
double Data[6];  // variable for data capture. 
 
// Digital outputs for smart tool from comedi0 
 
extern int toolOnIN; // tool control variables from read_writeIO() 
extern int toolDirIN; 
 
extern int toolOn; // toolOn = 1 is on; use as either on/off or PWM. 
extern int toolDir; // toolDir = 0 is forward as default; reverse is 1. 
  
// Loop timing management using nanosleep( ) 
  
 struct timespec ts; 
 ts.tv_sec = 0; 
// ts.tv_nsec = 31250000; // set to 32 hz 
 ts.tv_nsec = 24400000; // calibrated for actual runtime 32 hz 
  
// time-stamping variables 
  
 time_t time(time_t *tp); 
  
 time_t now; 



 
194 

  
// file for data capture 
  
 FILE *fp; 
  
 if ((fp = fopen("retract_data", "wb"))==NULL) 
   
 { 
  printf("Cannot open file.\n"); 
  exit(1); 
 } 
  
// Setup shared memory 
  
 child2( ); 
  
// Variables 
  
 int i = 0; 
 int j = 0; 
  
 double inc = .015625; // .5 in/sec @ 32 hz 
   
 // Set constraints and scaling. Note that positions use 1; orientations use 0. 
  
 for (i=0;i<6;i++) //initialize memory  
 {  
  parmRW->armCtrl.axesConstr[i]=1.0; 
  parmRW->armCtrl.axesScal[i]=1.0; 
  parmRW->armCtrl.armMode=IDLE; 
  parmRW->armCtrl.cartesCtrl[i]=parmR->armRightCar[i]; 
  if(i>2) 
  { 
   parmRW->armCtrl.cartesCtrl[i]=0.0; 
  } 
   
 } 
  
// Read the starting Cartesian position (where you are now) from  
// shared memory. 
 
 for (i = 0; i < 6; i++) 
 { 
  qZero[i] = parmR->armRightCar[i]; 
 } 
    
// Read the starting joint angles (where you are now) from shared memory. 
// This is for end-effecter orientation calculations. 
  
 for (i = 0; i < 6; i++) 
 { 
  qJoints[i] = parmR->armRight[i]; 
 } 
  
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
 
// Trajectory begins here./////////////////////////////////////////////// 
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 for (j = 0; j < 256; j++)  // 256 points = 32hz X 8 seconds 
      // move enough to clear task 
 
 { 
   
// read current Titan position and write to data file 
   
 for (i = 0; i < 6; i++) 
    
  { 
    
   Data[i] = parmR->armRightCar[i]; 
    
  } 
   
 fprintf(fp, "\n %d %d %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f\n", j, toolOnIN,  
   Data[0], Data[1], Data[2], Data[3], Data[4], Data[5]); 
 
 
  // Calculate incremental positions once through each loop. 
   
  qNow[0] = qZero[0] - j * inc * cos(qJoints[0] + qJoints[4]); // X 
   
  qNow[1] = qZero[1] - j * inc * sin(qJoints[0] + qJoints[4]); // Y  
   
  // Don't move the wrist joints or Z motion. 
   
  qNow[2] = qZero[2];   //  Z stays the same 
  qNow[3] = qZero[3];   // rX stays the same 
  qNow[4] = qZero[4];   // rY stays the same 
  qNow[5] = qZero[5];   // rZ stays the same 
   
  // Write joint positions back to shared memory. 
   
  for (i = 0; i < 6; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
    
  } 
   
  // Calculate delta position once through each loop (for wrist). 
   
  for (i = 0; i < 6; i++) 
  { 
   qNowV[i] = qNow[i] - qNowOld[i]; 
  } 
  
  // Write joint positions back to shared memory. 
  // Position uses qNow; orientation uses qNowV. 
  // 0, 1, 2 are qNow for positions, 3, 4, 5 are qNowV for velocities. 
   
  for (i = 0; i < 3; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
  } 
   
  for (i = 3; i < 6; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = 0; //qNowV[i]; 
  } 
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  // Flag and write to Cartesian 
   
  grabSem(0,&sb,semid);   
  parmRW->armCtrl.updFlag=1; 
  parmRW->armCtrl.armMode=CART; 
   
  // Xfer current new positions to old positions 
   
  for (i = 0; i < 6; i++) 
  { 
   qNowOld[i] = qNow[i]; 
  } 
   
  // Return semaphore 
   
  retSem(0,&sb, semid); 
   
  // Delay to control loop rate 
   
  nanosleep(&ts, NULL); 
   
  // Loop ////////////////////////////////////////////////////////// 
   
 } 
 
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
  
// exit mode...clean up and get out 
 
grabSem(0,&sb,semid);  
parmRW->armCtrl.armMode=IDLE;  
retSem(0,&sb, semid);  
 
} 
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/************************************************************************** 
*  
* bRetractS.c 
*  
* DISSERTATION SOFTWARE 
*  
* Behavior-based Telerobotic Tool Control 
* Mark W. Noakes 
* Dept of Mechanical, Aerospace, and Biomedical Engineering 
* University of Tennessee at Knoxville 
* 
**************************************************************************/ 
 
#include "newChild.h" 
 
#include <time.h> 
#include <math.h>  
 
#include "comediFT.h" 
 
int read_writeIO(void); // reads comedi0 analog/digital IO 
 
int bRetractS(void) 
{ 
  
int QUIT = 0; 
  
  int shmidR,shmidRW, semid; // IPC idenfitiers 
  key_t key_memRW,key_memR, key_sem;  // keys for shared mem and semphores. 
  struct sembuf sb; // semaphore control structure  
   
 //************************************************************************ 
  
void safe_quit(void) 
{ 
 QUIT=1; 
} 
  
//*************************************************************************  
 
//************************************************************************* 
  
int grabSem(int semNum,  struct sembuf *sb, int semid)  
//semNum should be zero for this program. 
{             
 sb->sem_op=-1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1)  
 // make sure you're using the semaphore when it is necessary. 
 { 
  perror("semaphore access problem");  
  QUIT=1;  
   
 }          
 return 1;         
} 
  
//*************************************************************************** 
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int retSem(int semNum,  struct sembuf *sb, int semid)  
//semNum should be zero for this program so far. 
{             
 sb->sem_op=1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1) 
 { 
  perror("semaphore return problem ");   
  QUIT=1;   
 }      
 return 1;         
} 
  
//**************************************************************************** 
 
// Calculate for each DOF; numbers in inches, used in trajectory calcs. 
 
extern double  qZero[6]; // Start point of robotic move  
     // (where you are now) 
  
extern double   qNow[6]; // Current calculated point in  
     // robotic trajectory 
          
double     qNowV[6];  // Incremental velocity for wrist  
     // orientations 
  
double   qNowOld[6];  // Used for incremental velocity calcs 
 
// Stored instantaneous joint positions 
 
extern double qJoints[7]; 
 
// Following joint positions are ordered as follows:  
// shoulder azimuth, shoulder pitch, elbow, wrist pitch, wrist yaw,  
// wrist roll 
 
 double Data[6];  // current manipulator position 
  
// Digital outputs for smart tool from comedi0 
 
 extern int toolOnIN;  // tool control variables from read_writeIO() 
 extern int toolDirIN; 
 
 extern int toolOn; // toolOn = 1 is on; use as either on/off or PWM. 
 extern int toolDir; // toolDir = 0 is forward as default; reverse is 1. 
  
// Loop timing management using nanosleep( ) 
  
 struct timespec ts; 
 ts.tv_sec = 0; 
// ts.tv_nsec = 31250000; // set to 32 hz 
 ts.tv_nsec = 24400000; // calibrated for actual runtime 32 hz 
  
// time-stamping variables 
  
 time_t time(time_t *tp); 
  
 time_t now; 
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// file for data capture 
  
 FILE *fp; 
  
 if ((fp = fopen("retract_data", "wb"))==NULL) 
   
 { 
  printf("Cannot open file.\n"); 
  exit(1); 
 } 
  
// Setup shared memory 
  
 child2( ); 
  
// Set up Force/Torque Sensor 
  
 char *calfilepath;     // name of calibration file 
 unsigned short index;  // index of calibration in file (second parameter; 
default = 1) 
 Calibration *cal; // struct containing calibration information 
 short sts;            // return value from functions 
 
 // ATI F/T sensor variables--Note: Many for future use! 
  
 float SampleBias[7]; // measures  preloads on sensor before starting task 
  
 float SampleReading[7]; // raw sensor values as read from comedi1 
  
 float SampleTT[6]={0,0,0,0,0,0}; //sensor axis transform 
 // Translate along/about {x translate, y translate, z translate, x rotate, y 
rotate, z rotate} 
  
 float FT[6];          // array to hold the resultant force/torque vector. 
  
 // comedi1 variables 
  
 int subdev = 0;  // analog port (comedi1 not used for anything other than 
F/T sensor) 
 int range = 0;  // 0 = +/10VDC 
 int aref = AREF_DIFF; // Differential Input  
  
 int n_chans0; 
 int maxdata0; 
 comedi_t *device0; 
 int chan=0; 
 lsampl_t data0; 
  
 device0 = comedi_open("/dev/comedi1"); 
  
 n_chans0 = comedi_get_n_channels(device0, subdev); 
  
 for(chan = 0; chan < n_chans0; ++chan) 
 { 
  maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
  comedi_data_read(device0, subdev, chan, range, aref, &data0); 
  SampleReading[chan] = comedi_to_phys(data0, comedi_get_range(device0, subdev,  
   chan, range), maxdata0); 
 } 
  
 



 
200 

 // Set up ATI functions 
  
 calfilepath="FT5240.cal"; 
 index = 1; 
  
 // create Calibration 
  
 cal=createCalibration(calfilepath,index); 
 if (cal==NULL) { 
  printf("\nSpecified calibration could not be loaded.\n"); 
  scanf("."); 
  return 0; 
 } 
 
 // NOTE: BELOW FT SETUP KEPT IN EVENT OF FUTURE USE! 
   
 // Set force units. 
 // This step is optional; by default, the units are inherited from the  
 // calibration file. 
 
  
 sts=SetForceUnits(cal,"N"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid force units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
 // Set torque units. 
 // This step is optional; by default, the units are inherited from the 
calibration file. 
 sts=SetTorqueUnits(cal,"N-m"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid torque units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
 // Set tool transform. 
 // This line is only required if you want to move or rotate the sensor's  
 // coordinate system. 
 // This example tool transform translates the coordinate system 20 mm along the  
 // Z-axis  
 // and rotates it 45 degrees about the X-axis. 
 sts=SetToolTransform(cal,SampleTT,"mm","degrees"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid distance units"); return 0; 
  case 3: printf("Invalid angle units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
 
// Variables 
  
 int i = 0; 
 int j = 0; 
  
 double inc = .015625; // .5 in/sec @ 32 hz 
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 // Set constraints and scaling. Note that positions use 1; orientations use 0. 
  
 for (i=0;i<6;i++) //initialize memory  
 {  
  parmRW->armCtrl.axesConstr[i]=1.0; 
  parmRW->armCtrl.axesScal[i]=1.0; 
  parmRW->armCtrl.armMode=IDLE; 
  parmRW->armCtrl.cartesCtrl[i]=parmR->armRightCar[i]; 
  if(i>2) 
  { 
   parmRW->armCtrl.cartesCtrl[i]=0.0; 
  } 
   
 } 
   
// Read the starting Cartesian position (where you are now) from  
// shared memory. 
 
 for (i = 0; i < 6; i++) 
 { 
  qZero[i] = parmR->armRightCar[i]; 
 } 
    
// Read the starting joint angles (where you are now) from shared memory. 
// This is for end-effecter orientation calculations. 
  
 for (i = 0; i < 6; i++) 
 { 
  qJoints[i] = parmR->armRight[i]; 
 } 
  
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
 
// Trajectory begins here./////////////////////////////////////////////// 
 
 for (j = 0; j < 256; j++)  // 256 points = 32hz X 8 seconds 
      // move enough to clear task 
 
 { 
   
// read current Titan position and write to data file 
   
 for (i = 0; i < 6; i++) 
    
  { 
    
   Data[i] = parmR->armRightCar[i]; 
    
  } 
   
  fprintf(fp, "\n %d %d %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f  
   %9.6f %9.6f %9.6f\n", j, toolOnIN, FT[0], FT[1], FT[2], FT[3], FT[4],  
   FT[5], Data[0], Data[1], Data[2], Data[3], Data[4], Data[5]); 
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  // Calculate incremental positions once through each loop. 
   
  qNow[0] = qZero[0] - j * inc * cos(qJoints[0] + qJoints[4]); // X  
   
  qNow[1] = qZero[1] - j * inc * sin(qJoints[0] + qJoints[4]); // Y  
   
  qNow[2] = qZero[2]; // Z, no motion necessary since the blade 
     // cleared the pipe during cutting. 
 
  // Don't move the wrist joints 
   
  qNow[2] = qZero[2];   // rX stays the same 
  qNow[3] = qZero[3];   // rX stays the same 
  qNow[4] = qZero[4];   // rY stays the same 
  qNow[5] = qZero[5];   // rZ stays the same 
   
  // Write joint positions back to shared memory. 
   
  for (i = 0; i < 6; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
    
  } 
   
  // Calculate delta position once through each loop (for wrist). 
   
  for (i = 0; i < 6; i++) 
  { 
   qNowV[i] = qNow[i] - qNowOld[i]; 
  } 
  
  // Write joint positions back to shared memory. 
  // Position uses qNow; orientation uses qNowV. 
  // 0, 1, 2 are qNow for positions, 3, 4, 5 are qNowV for velocities. 
   
  for (i = 0; i < 3; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
  } 
   
  for (i = 3; i < 6; i++) 
  { 
   parmRW->armCtrl.cartesCtrl[i] = 0; //qNowV[i]; 
  } 
   
  // Flag and write to Cartesian 
   
  grabSem(0,&sb,semid);   
  parmRW->armCtrl.updFlag=1; 
  parmRW->armCtrl.armMode=CART; 
   
  // Xfer current new positions to old positions 
   
  for (i = 0; i < 6; i++) 
  { 
   qNowOld[i] = qNow[i]; 
  } 
   
  // Return semaphore 
   
  retSem(0,&sb, semid); 
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  // Delay to control loop rate 
   
  nanosleep(&ts, NULL); 
   
  // Loop ////////////////////////////////////////////////////////// 
   
 } 
 
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
  
// exit mode...clean up and get out 
 
grabSem(0,&sb,semid);  
parmRW->armCtrl.armMode=IDLE;  
retSem(0,&sb, semid);  
 
} 
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/************************************************************************** 
*  
* bWristR.c 
*  
* DISSERTATION SOFTWARE 
*  
* Behavior-based Telerobotic Tool Control 
* Mark W. Noakes 
* Dept of Mechanical, Aerospace, and Biomedical Engineering 
* University of Tennessee at Knoxville 
* 
**************************************************************************/ 
 
#include "newChild.h" 
 
#include <time.h> 
#include <math.h> 
 
int bWristR(void) 
{ 
  
 int QUIT = 0; 
  
//*************************************************************************  
  
void safe_quit(void) 
{ 
 QUIT=1; 
} 
//*************************************************************************  
 
//************************************************************************* 
  
int grabSem(int semNum,  struct sembuf *sb, int semid)  
//semNum should be zero for this program. 
{             
 sb->sem_op=-1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1)  
 // make sure you're using the semaphore when it is necessary. 
 { 
 // perror("semaphore access problem");  
  QUIT=1;  
   
 }          
 return 1;         
} 
  
//************************************************************************* 
  
int retSem(int semNum,  struct sembuf *sb, int semid)  
//semNum should be zero for this program. 
{             
 sb->sem_op=1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1) 
 { 
  perror("semaphore return problem ");   
  QUIT=1;   
 }      
 return 1;         
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} 
  
//************************************************************************* 
 
// Loop timing management using nanosleep( ) 
  
 struct timespec ts; 
 ts.tv_sec = 0; 
// ts.tv_nsec = 31250000; // set to 32 hz 
 ts.tv_nsec = 24400000; // calibrated for actual runtime 32 hz  
  
// Setup shared memory 
  
 child2( ); 
  
// Variables 
  
 int i = 0; 
 int j = 0; 
  
// global variables  
 
extern double qZero[6]; 
extern double qFinal[6]; 
extern double qNow[6]; 
  
// Read the starting position (where you are now) from shared memory. 
 
 for (i = 0; i < 6; i++) 
 { 
  qZero[i] = parmR->armRight[i]; 
 } 
 
// Set the target position (where you want to go) per stored memory. 
 
 for (i = 0; i < 6; i++) 
 { 
  qFinal[i] = qZero[i]; // no motion except in specified joint. 
 } 
  
  qFinal[5] = -1.604185; // level wrist roll  
    
// Set joint control mode 
  
  parmRW->armCtrl.armMode = 4; // mode = JOINT 
  
// Trajectory begins here./////////////////////////////////////////// 
 
 for (j = 0; j < 64; j++) // 64 points = 32hz X 2 seconds 
 
 { 
 
// Calculate incremental positions once through each loop. 
 
//  Quintic Trajectory Equation 
   
  for (i = 0; i < 6; i++) 
  { 
   // Quintic equation 
    
   qNow[i] = qZero[i]  
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   + 25 * ((qFinal[i] - qZero[i]) / 65536.0) * pow(j, 3)\ 
   - 75 * ((qFinal[i] - qZero[i]) / 8388608.0) * pow(j,4)\ 
   + 15 * ((qFinal[i] - qZero[i]) / 268435456.0) * pow(j,5); 
  } 
 
// Write joint positions back to shared memory. 
 
   for (i = 0; i < 6; i++) 
   { 
   parmRW->armCtrl.jointCtrl[i] = qNow[i]; 
    
   } 
   
// Delay to control loop rate 
   
  nanosleep(&ts, NULL); 
   
// Loop ////////////////////////////////////////////////////////// 
   
 } 
  
// Set joint control mode 
  
  parmRW->armCtrl.armMode = 0; // mode = IDLE 
 
return(0); 
  
} 
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/************************************************************************** 
*  
* bCut128S.c 
*  
* DISSERTATION SOFTWARE 
*  
* Behavior-based Telerobotic Tool Control 
* Mark W. Noakes 
* Dept of Mechanical, Aerospace, and Biomedical Engineering 
* University of Tennessee at Knoxville 
* 
* 128 Hz loop rate to examine saw freq data 
* 
**************************************************************************/ 
 
/************************************************************************* 
* 
*  Obligatory Acknowledgements for open source libraries 
* 
* ATIDAQ F/T C Library 
* v1.0.1 
* Copyright (c) 2001 ATI Industrial Automation 
* 
* The MIT License 
*  
* Permission is hereby granted, free of charge, to any person obtaining a 
* copy of this software and associated documentation files (the  
* "Software"), to deal in the Software without restriction, including  
* without limitation the rights to use, copy, modify, merge, publish,  
* distribute, sublicense, and/or sell copies of the Software, and to  
* permit persons to whom the Software is furnished to do so, subject to  
* the following conditions: 
*  
* The above copyright notice and this permission notice shall be included 
* in all copies or substantial portions of the Software. 
*  
* THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS  
* OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF  
* MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.  
* IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY  
* CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,  
* TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE  
* SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE. 
* 
/////////////////////////////////////////////////////////////////////////// 
* 
* Comedilib 
* Copyright (c) 1999,2000 David A. Schleef <ds@schleef.org> 
* 
* This file may be freely modified, distributed, and combined with 
* other software, as long as proper attribution is given in the 
* source code. 
* 
**************************************************************************/ 
 
#include "newChild.h" 
 
#include <time.h> 
#include <math.h>  
 
#include "comediFT.h" 
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int read_writeIO(void);  // reads comedi0 analog/digital IO 
 
int bCut128S(void) 
{ 
 
// System level communications 
  
int QUIT = 0; 
  
  int shmidR,shmidRW, semid; // IPC idenfitiers 
  key_t key_memRW,key_memR, key_sem;  // keys for shared mem and semphores. 
  struct sembuf sb; // semaphore control structure  
   
 //************************************************************************     
void safe_quit(void) 
{ 
 QUIT=1; 
} 
//*************************************************************************  
 
//************************************************************************* 
int grabSem(int semNum,  struct sembuf *sb, int semid)  
 //semNum should be zero for this program so far. 
{             
 sb->sem_op=-1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1)  
  // make sure you're using the semaphore when it is necessary. 
 { 
  perror("semaphore access problem");  
  QUIT=1;  
   
 }          
 return 1;         
} 
//************************************************************************* 
int retSem(int semNum,  struct sembuf *sb, int semid)  
 //semNum should be zero for this program so far. 
{             
 sb->sem_op=1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1) 
 { 
  perror("semaphore return problem ");   
  QUIT=1;   
 }      
 return 1;         
} 
//************************************************************************* 
 
 
// Calculate for each DOF; numbers in inches, used in trajectory calcs. 
 
double  qZero[6]; // Start point of robotic move  
    // (where you are now) 
  
double   qNow[6]; // Current calculated point in  
    // robotic trajectory 
          
double  qNowV[6]; // Incremental velocity for wrist  
    // orientations 
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double  qNowOld[6]; // Used for incremental velocity calcs 
 
 
// Stored instantaneous joint positions 
 
double qJoints[7]; 
 
// Following joint positions are ordered as follows:  
// shoulder azimuth, shoulder pitch, elbow, wrist pitch, wrist yaw,  
// wrist roll 
 
double Data[6]; // current manipulator position 
 
// Recursive Filter variables 
 
float ryFilt    = 0; 
float ryFiltOld = 0; 
 
// Data Analysis Variables 
  
float ryFiltAbs = 0; 
  
// for sampleBias switching initializing the F/T 
  
static int biasFlag = 1;  
 
// Signature Analysis Variables 
 
int CONTACT1  = 0; 
int senseContact = 0; 
 
// Force control variables 
 
float setpoint = 10.0; 
float error = 0.0; 
float gain = .02; 
float controlF = 0.0; 
float control = 0.0; 
float controlFFilt = 0.0; 
float controlFFiltOld = 0.0;  
  
// Digital outputs for smart tool from comedi0 
 
extern int toolOnIN; // tool control variables from read_writeIO() 
extern int toolDirIN; 
  
// Loop timing management using nanosleep( ) 
  
 struct timespec ts; 
 ts.tv_sec = 0; 
 ts.tv_nsec =   2405555; // calibrated runtime 128 hz 
  
// time-stamping variables 
  
 time_t time(time_t *tp); 
  
 time_t now; 
  
// file for data capture 
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 FILE *fp; 
  
 if ((fp = fopen("cut_data128", "wb"))==NULL) 
   
 { 
  printf("Cannot open file.\n"); 
  exit(1); 
 } 
  
// Setup shared memory 
  
 child2( ); 
  
// Variables 
  
 int i = 0; 
 int j = 0; 
 int k = 128; 
 
 double inc = .015625; // .5 in/sec @ 32 hz 
 float contactThreshold = 500.00; // set to avoid tripping 
  
 // Set constraints and scaling.  
 // Note that positions use 1; orientations use 0. 
  
 for (i=0;i<6;i++) //initialize memory  
 {  
  parmRW->armCtrl.axesConstr[i]=1.0; 
  parmRW->armCtrl.axesScal[i]=1.0; 
  parmRW->armCtrl.armMode=IDLE; 
  parmRW->armCtrl.cartesCtrl[i]=parmR->armRightCar[i]; 
  if(i>2) 
  { 
   parmRW->armCtrl.cartesCtrl[i]=0.0; 
  } 
   
 } 
  
// Read the starting Cartesian position (where you are now) from  
// shared memory. 
 
 for (i = 0; i < 6; i++) 
 { 
  qZero[i] = parmR->armRightCar[i]; 
 } 
    
// Read the starting joint angles (where you are now) from shared memory. 
// This is for end-effecter orientation calculations. 
  
 for (i = 0; i < 6; i++) 
 { 
  qJoints[i] = parmR->armRight[i]; 
 } 
  
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
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// Set up Force/Torque Sensor--NOTE: much of this not used in  
// current iteration 
  
 char *calfilepath;    // name of calibration file 
 unsigned short index;  // index of calibration in file  
     // (second parameter; default = 1) 
 Calibration *cal; // struct containing calibration information 
 short sts;             // return value from functions 
 
 // ATI F/T sensor variables 
  
 float SampleBias[7]; // measures  preloads on sensor before  
     // starting task 
  
 float SampleReading[7]; // raw sensor values as read from comedi1 
  
 float SampleTT[6]={0,0,0,0,0,0}; //sensor axis transform 
  
 float FT[6];           // array to hold the resultant force/torque  
     // vector. 
  
 // comedi1 variables 
  
 int subdev = 0;   // analog port (comedi1 not used for anything  
      // other than F/T sensor) 
 int range = 0;   // 0 = +/10VDC 
 int aref = AREF_DIFF;  // Differential Input  
  
 int n_chans0; 
 int maxdata0; 
 comedi_t *device0; 
 int chan=0; 
 lsampl_t data0; 
  
 device0 = comedi_open("/dev/comedi1"); 
  
 n_chans0 = comedi_get_n_channels(device0, subdev); 
  
 for(chan = 0; chan < n_chans0; ++chan) 
 { 
  maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
  comedi_data_read(device0, subdev, chan, range, aref, &data0); 
  SampleReading[chan] = comedi_to_phys(data0, comedi_get_range(device0, subdev, 
chan, range), maxdata0); 
 } 
  
 // Set up ATI functions 
  
 calfilepath="FT5240.cal"; 
 index = 1; 
  
 cal=createCalibration(calfilepath,index); 
 if (cal==NULL) { 
  printf("\nSpecified calibration could not be loaded.\n"); 
  scanf("."); 
  return 0; 
 } 
  
 // Set force units. 
 // This step is optional; by default, the units are inherited from the  
 // calibration file. 
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 sts=SetForceUnits(cal,"N"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid force units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
 // Set torque units. 
 // This step is optional; by default, the units are inherited from the  
 // calibration file. 
 sts=SetTorqueUnits(cal,"N-m"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid torque units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
 // Set tool transform. 
 // This line is only required if you want to move or rotate the  
 // sensor's coordinate system. 
  
 sts=SetToolTransform(cal,SampleTT,"mm","degrees"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid distance units"); return 0; 
  case 3: printf("Invalid angle units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
// Trajectory begins here./////////////////////////////////////////////// 
 
 for (j = 0; j < 12000; j++)  // Governs increments and times out if  
      // thresholds go wrong. 
 
 { 
   
// Check forces/torques for contact; terminate if contact above threshold 
 
  for(chan = 0; chan < n_chans0; ++chan) 
  { 
    
   maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
    
   comedi_data_read_delayed(device0, subdev, chan, range, aref, &data0, 
    10000); 
    
   SampleReading[chan] = comedi_to_phys(data0, comedi_get_range(device0,  
    subdev, chan, range), maxdata0); 
    
  } 
   
  // Bias the sensor once only. 
   
  if(biasFlag==1) 
  { 
    for (i = 0; i < 6; i++) 
    
   { 
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   SampleBias[i] = SampleReading[i]; 
    
   } 
    
   Bias(cal, SampleBias);  
    
   biasFlag = 0; 
  } 
   
// convert a loaded measurement into forces and torques 
   
  ConvertToFT(cal,SampleReading,FT); 
 
// Recursive filter on ry axis, saw blade torque, for 128hz 
   
  ryFilt = (1.0/128.0) * FT[4] + (127.0/128.0) * ryFiltOld; 
 
  ryFiltOld = ryFilt; 
   
  ryFiltAbs = fabs(ryFilt); 
   
// Turn Saw ON after initializing the FT 
 
  toolOnIN  = 0;  
  toolDirIN = 0; //0 = unbolt, 1 = bolt 
   
  read_writeIO(); 
   
// Read current joint angles from shared memory. 
  
 for (i = 0; i < 6; i++) 
 { 
  qJoints[i] = parmR->armRight[i]; 
 } 
 
// read current Titan position and write to data file 
   
 for (i = 0; i < 6; i++) 
    
  { 
    
   Data[i] = parmR->armRightCar[i]; 
    
  } 
 
 
  // Force-based Trajectory Control 
   
  error = setpoint - ryFilt; 
  controlF = gain * error; 
  control = inc/32.0 + controlF; 
   
   
// read current Titan position and write to data file 
   
 for (i = 0; i < 6; i++) 
    
  { 
  
   Data[i] = parmR->armRightCar[i]; 
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  } 
   
 fprintf(fp, "\n %d %d %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f  
   %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f\n", j, toolOnIN, FT[0], FT[1], 
   FT[2], FT[3], FT[4], FT[5], Data[0], Data[1], Data[2], Data[3], Data[4], 
   Data[5], ryFilt, ryFiltAbs, controlF, control);  
   
  // Calculate incremental positions once through each loop. 
   
  // Only motion in -Z 
 
  qNow[0] = qZero[0];      // X stays the same  
  qNow[1] = qZero[1];      // Y stays the same 
   
  qNow[2] = qZero[2] - j * inc/32.0 - controlF;  // Z motion, P + F 
   
  // Fixed orientation 
   
  qNow[3] = qZero[3];     // rX stays the same 
  qNow[4] = qZero[4];     // rY stays the same 
  qNow[5] = qZero[5];     // rZ stays the same 
   
  // Write joint positions back to shared memory. 
   
  for (i = 0; i < 6; i++) 
    
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
    
  } 
     
  // Calculate delta position once through each loop (for wrist). 
   
  for (i = 0; i < 6; i++) 
  { 
   qNowV[i] = qNow[i] - qNowOld[i]; 
  } 
   
  // Write joint positions back to shared memory. 
  // Position uses qNow; orientation uses qNowV. 
  // 0, 1, 2 are qNow for positions, 3, 4, 5 are qNowV for velocities. 
   
  for (i = 0; i < 3; i++) 
    
  { 
   parmRW->armCtrl.cartesCtrl[i] = qNow[i]; 
  } 
   
  for (i = 3; i < 6; i++) 
    
  { 
   parmRW->armCtrl.cartesCtrl[i] = 0; //qNowV[i]; 
  } 
   
  // Flag and write to Cartesian 
   
  grabSem(0,&sb,semid);   
  parmRW->armCtrl.updFlag=1; 
  parmRW->armCtrl.armMode=CART; 
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  // Xfer current new positions to old positions 
   
  for (i = 0; i < 6; i++) 
  { 
   qNowOld[i] = qNow[i]; 
  } 
   
  // Return semaphore 
   
  retSem(0,&sb, semid); 
   
  // Delay to control loop rate 
   
  nanosleep(&ts, NULL); 
 
//  Logic rules to control cutting 
   
  // Detect pipe contact. 
 
  if(ryFiltAbs > 1.0 && senseContact == 0) 
    
  { 
    
   senseContact = 1;  
    
   printf("\nj= %d, pipe contact \n", j); 
  }   
 
  // Announce cut threshold reached. 
   
  if(ryFiltAbs > 10.0 && CONTACT1 == 0) 
    
  { 
    
   CONTACT1 = 1;  
    
   printf("\nj= %d, cut threshold reached\n", j); 
  } 
   
  // If fyFiltAbs goes high after going low, reset k to max. 
  // Account for common condition on main pipe section. 
   
  if(ryFiltAbs > 10.0) 
    
  { 
    
   k = 128; 
    
  } 
   
  // If threshold reached and k not 0, start count down. 
   
  if(ryFiltAbs < 1.0 && CONTACT1 == 1 && k > 0) 
    
  { 
    
   k = k - 1; 
    
  } 
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  // Quit loop if cut is done. 
   
  if(ryFiltAbs < 1.0 && k==0) 
  { 
   
   toolOnIN  = 1; 
   toolDirIN = 1; 
  
   read_writeIO();  
    
   printf("\nj= %d, cut complete\n", j); 
      
   j = 12000; 
    
  } 
   
 } 
 
 
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
  
// make sure saw is off in case of any errors 
  
   toolOnIN  = 1; 
   toolDirIN = 1; 
  
   read_writeIO();  
  
// exit mode...clean up and get out 
 
grabSem(0,&sb,semid);  
parmRW->armCtrl.armMode=IDLE;  
 
retSem(0,&sb, semid);  
 
// free memory allocated to Calibration structure 
 destroyCalibration(cal); 
  
 comedi_close(device0);  
 
return 0; 
 
} 
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/************************************************************************** 
*  
* bUnboltB.c 
*  
* DISSERTATION SOFTWARE 
*  
* Behavior-based Telerobotic Tool Control 
* Mark W. Noakes 
* Dept of Mechanical, Aerospace, and Biomedical Engineering 
* University of Tennessee at Knoxville 
* 
**************************************************************************/ 
 
 
#include "newChild.h" 
 
#include <time.h> 
#include <math.h> 
#include <stdlib.h> 
 
#include "comediFT.h" 
 
static int biasFlag = 1; // for sampleBias switching initializing F/T 
 
int read_writeIO(void);  // reads comedi0 analog/digital IO 
 
int bUnboltB(void) 
{ 
  
 int QUIT = 0; 
  
 int shmidR,shmidRW, semid; // IPC idenfitiers 
 key_t key_memRW,key_memR, key_sem;  // keys for shared mem  
       // and semphores. 
 struct sembuf sb; // semaphore control structure  
  
//*************************************************************************     
 void safe_quit(void) 
 { 
  QUIT=1; 
 } 
//*************************************************************************  
  
//************************************************************************* 
 int grabSem(int semNum,  struct sembuf *sb, int semid)  
 //semNum should be zero for this program so far. 
 {             
  sb->sem_op=-1; 
  sb->sem_num=semNum; 
  if(semop(semid, sb,1)==-1)  
  // make sure you're using the semaphore when it is necessary. 
  { 
   perror("semaphore access problem");  
   QUIT=1;  
    
  }          
  return 1;         
 } 
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//************************************************************************* 
 int retSem(int semNum,  struct sembuf *sb, int semid)  
 //semNum should be zero for this program so far. 
 {             
  sb->sem_op=1; 
  sb->sem_num=semNum; 
  if(semop(semid, sb,1)==-1) 
  { 
   perror("semaphore return problem ");   
   QUIT=1;   
  }      
  return 1;         
 } 
//************************************************************************* 
  
// Variables 
  
 int i         = 0; 
 int j         = 0; 
  
 int test      = 1; 
 int set       = 0; 
  
 float fxstart = 0; 
 float fxstop  = 0; 
  
// Recursive Filter variables 
 
 float fxFilt    = 0; 
 float fxFiltOld = 0; 
  
 double contactThreshold = -1000.00; // bypass contactThreshold 
  
 double Data[6]; // current manipulator position 
  
// Position increment instead of time but run at sample time. 
  
 int senseContact = 0; 
  
// Digital outputs for smart tool from comedi0 
 
 extern int toolOnIN;  // tool control variables from read_writeIO() 
 extern int toolDirIN; 
 
 extern int toolOn; // toolOn = 1 is on; use as either on/off or PWM. 
 extern int toolDir; // toolDir = 0 is forward as default; reverse is 1. 
  
// Loop timing management using nanosleep( ) 
  
 struct timespec ts; 
 ts.tv_sec  = 0; 
 ts.tv_nsec = 2405555; // calibrated for 128 hz for FFT look 
  
// time-stamping variables 
  
 time_t time(time_t *tp); 
  
 time_t now; 
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// file for data capture 
  
 FILE *fp; 
  
 if ((fp = fopen("unbolt_data", "wb"))==NULL) 
   
 { 
  printf("Cannot open file.\n"); 
  exit(1); 
 } 
  
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
  
  
// Setup shared memory 
  
 child2( ); 
  
// Set up Force/Torque Sensor 
  
 char *calfilepath;    // name of calibration file 
 unsigned short index; // index of calibration in file  
     // (second parameter; default = 1) 
 Calibration *cal; // struct containing calibration information 
 short sts;             // return value from functions 
 
 // ATI F/T sensor variables--Note: Many for future use! 
  
 float SampleBias[7]; // measures  preloads on sensor before starting task 
  
 float SampleReading[7]; // raw sensor values as read from comedi1 
  
 float SampleTT[6]={0,0,0,0,0,0}; //sensor axis transform 
  
 float FT[6]={0,0,0,0,0,0};  // array to hold the resultant  
       // force/torque vector. 
  
 // comedi1 variables 
  
 int subdev = 0;  // analog port (comedi1 not used for anything  
     // other than F/T sensor) 
 int range = 0;  // 0 = +/10VDC 
 int aref = AREF_DIFF; // Differential Input  
  
 int n_chans0; 
 int maxdata0; 
 comedi_t *device0; 
 int chan=0; 
 lsampl_t data0; 
  
 device0 = comedi_open("/dev/comedi1"); 
  
 n_chans0 = comedi_get_n_channels(device0, subdev); 
  
 for(chan = 0; chan < n_chans0; ++chan) 
 { 
  maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
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  comedi_data_read(device0, subdev, chan, range, aref, &data0); 
  SampleReading[chan] = comedi_to_phys(data0, comedi_get_range(device0, subdev,  
   chan, range), maxdata0); 
 } 
  
 // Set up ATI functions 
  
 calfilepath="FT5240.cal"; 
 index = 1; 
  
 // create Calibration 
  
 cal=createCalibration(calfilepath,index); 
 if (cal==NULL) { 
  printf("\nSpecified calibration could not be loaded.\n"); 
  scanf("."); 
  return 0; 
 } 
 
 // NOTE: BELOW FT SETUP KEPT IN EVENT OF FUTURE USE! 
   
 // Set force units. 
 // This step is optional; by default, the units are inherited  
 // from the calibration file. 
 
  
 sts=SetForceUnits(cal,"N"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid force units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
 // Set torque units. 
 // This step is optional; by default, the units are inherited from the  
 // calibration file. 
 sts=SetTorqueUnits(cal,"N-m"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid torque units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
  
 // Set tool transform. 
 // This line is only required if you want to move or rotate the sensor's  
 // coordinate system.  
 sts=SetToolTransform(cal,SampleTT,"mm","degrees"); 
 switch (sts) { 
  case 0: break; // successful completion 
  case 1: printf("Invalid Calibration struct"); return 0; 
  case 2: printf("Invalid distance units"); return 0; 
  case 3: printf("Invalid angle units"); return 0; 
  default: printf("Unknown error"); return 0; 
 } 
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// LOOP begins here /////////////////////////////////////////////// 
  
while(test==1) 
  
{ 
  
 for (j = 0; j < 256; j++) // 128hz X 2 seconds 
  
 { 
    
// Check forces/torques 
  
 for(chan = 0; chan < n_chans0; ++chan) 
 { 
   
  maxdata0 = comedi_get_maxdata(device0, subdev, chan); 
   
  comedi_data_read_delayed(device0, subdev, chan, range, aref, &data0, 10000); 
   
  SampleReading[chan] = comedi_to_phys(data0, comedi_get_range(device0, subdev,  
   chan, range), maxdata0); 
   
 } 
  
 // Bias the sensor once only. 
  
 if(biasFlag==1) 
 { 
  for (i = 0; i < 6; i++) 
    
  { 
    
   SampleBias[i] = SampleReading[i]; 
    
  } 
   
  Bias(cal, SampleBias);  
   
  biasFlag = 0; 
 } 
  
 // convert a loaded measurement into forces and torques 
  
 ConvertToFT(cal,SampleReading,FT);  
   
// Recursive filter on ry axis, saw blade torque, for 128hz 
   
  fxFilt = (1.0/128.0) * FT[0] + (127.0/128.0) * fxFiltOld; 
 
  fxFiltOld = fxFilt;  
   
// Turn tool ON 
   
 toolOnIN  = 0;  
 toolDirIN = 0; // 0 = unbolt, 1 = bolt 
   
 read_writeIO(); 
   
// read current Titan position 
   
 for (i = 0; i < 6; i++) 
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  { 
    
   Data[i] = parmR->armRightCar[i]; 
    
  } 
   
 fprintf(fp, "\n %d %d %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f %9.6f  
   %9.6f %9.6f %9.6f %9.6f\n", j, toolOnIN, FT[0], FT[1], FT[2], FT[3],  
   FT[4], FT[5], Data[0], Data[1], Data[2], Data[3], Data[4], Data[5],  
   fxFilt);  
     
// Delay to control loop rate 
   
  nanosleep(&ts, NULL); 
   
// Manage pushback variable 
 
    
   if (j==1 && set==0) 
    
   { 
    
   fxstart = fxFilt; 
    
   set = 1; 
    
   printf("j= %d, fxstart = %f\n", j, fxstart); 
    
   } 
    
 
   if (j==255) 
    
   { 
    
   fxstop = fxFilt; 
    
   printf("j= %d, fxstop = %f\n", j, fxstop); 
    
   } 
   
// Loop /////////////////////////////////////////////////////////// 
   
 } 
  
 // End test 
  
 if(fabs(fxstop - fxstart) > 100.0) 
   
 { 
 
  test = 0; 
   
  printf("unbolt done\n"); 
   
 } 
  
  
}  
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 toolOnIN  = 1; 
 toolDirIN = 1; 
  
 read_writeIO(); 
  
// timestamp 
  
 now = time(NULL); 
  
 fprintf(fp, "\n%s\n",ctime(&now)); 
  
 printf("return to operator\n"); 
    
 return 0; 
  
} 
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/************************************************************************** 
*  
* functGoIdle.c 
*  
* DISSERTATION SOFTWARE 
*  
* Behavior-based Telerobotic Tool Control 
* Mark W. Noakes 
* Dept of Mechanical, Aerospace, and Biomedical Engineering 
* University of Tennessee at Knoxville 
* 
* Revision History 
* 
* Date  Author  Description 
* ----------------------------------------------------------------------- 
* 4/2010  Mark Noakes function to switch to Idle mode. 
* 
*      
*  
* ----------------------------------------------------------------------- 
* 
**************************************************************************/ 
 
#include "newChild.h" 
 
int functGoIdle(void) 
{ 
 
int QUIT = 0; 
 
//************************************************************************    
void safe_quit(void) 
{ 
 QUIT=1; 
} 
//************************************************************************* 
 
//************************************************************************* 
int grabSem(int semNum,  struct sembuf *sb, int semid)  
 //semNum should be zero for this program so far. 
{             
 sb->sem_op=-1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1)  
 // make sure you're using the semaphore when it is necessary. 
 { 
  perror("semaphore access problem");  
  QUIT=1;  
   
 }          
 return 1;         
} 
//************************************************************************* 
int retSem(int semNum,  struct sembuf *sb, int semid)  
 //semNum should be zero for this program so far. 
{             
 sb->sem_op=1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1) 
 { 
  perror("semaphore return problem ");   
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  QUIT=1;   
 }      
 return 1;         
} 
//************************************************************************* 
 
  
// Setup shared memory 
  
 child2( ); 
  
  
// Set joint control mode 
  
  parmRW->armCtrl.armMode = 0; // mode = IDLE 
 
return(0); 
  
} 
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/************************************************************************** 
*  
* functMoveHome.c 
*  
* DISSERTATION SOFTWARE 
*  
* Behavior-based Telerobotic Tool Control 
* Mark W. Noakes 
* Dept of Mechanical, Aerospace, and Biomedical Engineering 
* University of Tennessee at Knoxville 
* 
* Revision History 
* 
* Date  Author  Description 
* ----------------------------------------------------------------------- 
* 4/2010  Mark Noakes function for joint level move to Home 
*      position from any current location. 
* 
*     
*  
* ----------------------------------------------------------------------- 
* 
**************************************************************************/ 
 
#include "newChild.h" 
 
#include <time.h> 
#include <math.h> 
 
int functMoveHome(void) 
{ 
  
 int QUIT = 0; 
  
//*************************************************************************     
void safe_quit(void) 
{ 
 QUIT=1; 
} 
//*************************************************************************  
 
//************************************************************************* 
int grabSem(int semNum,  struct sembuf *sb, int semid)  
 //semNum should be zero for this program so far. 
{             
 sb->sem_op=-1; 
 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1)  
 // make sure you're using the semaphore when it is necessary. 
 { 
  perror("semaphore access problem");  
  QUIT=1;  
   
 }          
 return 1;         
} 
//************************************************************************* 
int retSem(int semNum,  struct sembuf *sb, int semid)  
 //semNum should be zero for this program so far. 
{             
 sb->sem_op=1; 
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 sb->sem_num=semNum; 
 if(semop(semid, sb,1)==-1) 
 { 
  perror("semaphore return problem ");   
  QUIT=1;   
 }      
 return 1;         
} 
//************************************************************************* 
 
 
// Loop timing management using nanosleep( ) 
  
 struct timespec ts; 
 ts.tv_sec = 0; 
 ts.tv_nsec = 31250000; // set to 32 hz 
  
// Setup shared memory 
  
 child2( ); 
  
// Variables 
  
 int i = 0; 
 int j = 0; 
  
// global variables  
 
extern double qZero[6]; 
extern double qFinal[6]; 
extern double qHome[6]; 
extern double qNow[6]; 
  
// Read the starting position (where you are now) from shared memory. 
 
 for (i = 0; i < 6; i++) 
 { 
  qZero[i] = parmR->armRight[i]; 
 } 
 
 
  
// Set the target position (where you want to go) per stored memory. 
 
 for (i = 0; i < 6; i++) 
 { 
  qFinal[i] = qHome[i]; 
 
 } 
  
    
// Set joint control mode 
  
  parmRW->armCtrl.armMode = 4; // mode = JOINT 
  
// Trajectory begins here./////////////////////////////////////////////// 
 
 for (j = 0; j < 320; j++) // 32hz X 10 seconds 
 
 { 
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// Calculate incremental positions once through each loop. 
   
//  Quintic Trajectory Equation 
   
  for (i = 0; i < 6; i++) 
  { 
   // Quintic equation 
    
   qNow[i] = qZero[i] +  ((qFinal[i] - qZero[i]) / 3276800.0) *  
   pow(j, 3) -  3 * ((qFinal[i] - qZero[i]) / 2097152000.0) *  
   pow(j,4) +  3 * ((qFinal[i] - qZero[i]) / 1677721600000.0) *  
   pow(j,5); 
  } 
 
// Write joint positions back to shared memory. 
 
   for (i = 0; i < 6; i++) 
   { 
   parmRW->armCtrl.jointCtrl[i] = qNow[i]; 
    
   } 
   
// Delay to control loop rate 
   
  nanosleep(&ts, NULL); 
   
// LOOP /////////////////////////////////////////////////////////////////// 
   
 
 } 
  
// Set joint control mode 
  
  parmRW->armCtrl.armMode = 0; // mode = IDLE 
 
return(0); 
  
} 
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 Appendix B  

Mechanical Drawings 
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 Appendix C  

Schematics 
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