1 Introduction

This document talks through the calculation of the numbers found in a 2dF Iterations Debug log file – which are all the numbers used in the pick up process.  Section 5 has the log file entry used as an example.  

Please note that this log file format is still in flux and may change a bit.  This description was valid as of Version 2 (6-Jun-2007). 

This file is only written if the environment variable TDFGRIP_IT_DEBUG_DIR is defined, and it defines the directory to write the file into.  The filename is


2dFIterDebug_yyyymmdd.log

Where yyyymmdd represents the UT date.

2 Initial Data

This section looks at the initial values written to the log file for each move.

Starting move of fibre 365 at: 04/JUN 00;03;11:LogFileVer 2

The fibre number, date and (UT) time of the move and log file version number.

Move Type:From Plate :To Plate

Type of move

Iteration Tolerance :15

Move tolerance in microns.  If the fibre is placed out of position by this amount, then we will iterate.

Fibre Target Position: 23414, 23414, 5.754

This is the field plate position required for the fibre – X and Y in field plate microns. Theta in Radians – 12 O’clock=0.

Fibre Grasp Offset: 606, 4

This is the measured grasp offset for this fibre.  This offset must be rotated by theta radians to put it in the right coordinate system.  In such rotations, the fibre theta is used, but in a way which presumes theta=0 at 3O’Clock.  This works out ok as the values are only ever used in the rotated position and the 90 degree rotation comes out again.

Rotated Grasp Offset: 525, -302

The above grasp offset (606,4) rotated by the target button theta 5.754 radians.

Fibre Positioning Offset: -18, 10

The “learnt” fibre positioning offset. This offset must be rotated by theta radians to put it in the right coordinate system.  Theta is handled as per the grasp offset.

Rotated Positioning Offset: -10, 18

The above positioning offset (-18,10) rotated by the target button theta 5.754 radians.

Initial Target Button Position: 23929, 23130

Where we want to move the button (gripper) in order to put the fibre down at the right spot.  This is the fibre target position plus the rotated grasp offset plus the rotated positioning offset.

3 An Iteration

The iteration data is output for every fibre move.  Unfortunately, the following data is not appearing in the order in which is it determined.  As a result, the following segment has numbers prefixed to each line and I will analyse the lines in the order in which the values are determined.

   Iteration 0 move data (move from/to plate)

1  Did move after measuring grasp: YES

2  Fibre Position error:              -15,      2 :15.1

3  Servo error:                         0,      3 :3.0

4  Target fibre position:           23414,  23414

6  Actual Fibre position now:       23429,  23412

7  Original Grasp offset rot:         525,   -302

8  Grasp offset used for pickup:      525,   -302

9  Measured Grasp offset:             493,   -274

10 Measured Grasp offset de-rot:      564,     12

11 Measured Grasp offset de-rot change:     42,     -8

12 Target button position was:      23897,  23158

13 Robot pos prior open jaws:       23897,  23155

14 But pos now from fib pos:        23954,  23110

15 Presumed positioning offset:       -10,     18

16 Apparent move on opening jaws:     -25,     17

17    Derotated:                     -30,      2

18    Derotated change:               12,      8

19 Gantry actual during centroid:   23263,  23522,367

20 Centroid Error:                   -166,    110

21 Next Target button position is:  23914,   23129

Target position

4  Target fibre position:           23414,  23414

This is where we are aiming to put the fibre down.  It is the same value supplied to the action and never changes.

Grasp offset handling

This section details lines relating to the grasp offset.  Before putting the fibre down, the robot is moved to the target position and a centroid is done whilst still holding the fibre.  This centroid is used to determine the imperfection in the fibre pick up (the grasp change).  This imperfection arises because the button/gripper design does not have a kinematically defined position.  The robot adjusts its position before the putdown such as to account for this pick up error.

7  Original Grasp offset rot:         525,   -302

This line gives the original grasp offset supplied to the function, rotated by theta.  This is the same value determined in section 2, repeated to make it easier to compare.

8  Grasp offset used for pickup:      525,   -302

The current version of the code uses the original grasp offset when picking up the button for iterations.  But this was not always the case and is an option in the code.  This line indicates which grasp offset was actually used for the pickup. 

9  Measured Grasp offset:             493,   -274

The measured grasp offset – the centroid results when holding the button.

10 Measured Grasp offset de-rot:      564,     12

This value is obtained by taking the measured grasp offset and rotating it by the negative of the button theta.  This value is not used in any positioning calculations, only to determine the next line of log data.

11 Measured Grasp offset de-rot change:     42,     -8

This is the difference between the originally supplied grasp offset and the measured grasp offset.  The difference is output using the de-rotated versions of these offsets.

2  Did move after measuring grasp: YES

After measuring the grasp offset, the robot may have to adjust the putdown position to account for the change in the grasp offset.  This is done if the absolute change required from the current robot position is greater then 0.7 of the iteration tolerance.    The 0.7 is a constant value in the code. 

Positioning for putdown.

The robot has now been moved to the position where the jaws will be opened.

12 Target button position was:      23897,  23158

This is where we tried move the robot to.  If we moved after measuring grasp, this is the updated position.  If we did not move after measuring grasp, this is the original target position.

13 Robot pos prior open jaws:       23897,  23155

This is where the robot actually was just before we opened the jaws.  This value is read after lowering Z.

3  Servo error:                         0,      3 :3.0

The error between the previous two lines is the “servo error”.  We output the X, Y and absolute servo error.   This error arises from two causes.  First, any physical move of the robot is to a specified accuracy (5 to 10 microns) – and any imperfection is shown here.  Secondly, when lowering the jaws, the servo system sometimes moves.  This is also shown here.  It is very important that the software does NOT consider this part of the way the fibre moved in putdown. 

Fibre position after putdown.

The software will now open the gripper jaws and do a centroid to determine where the fibre has ended up.  It is important to remember here that the robot moves in X and Y as part of opening the jaw – due to having to move the “fixed” jaw away from the button.

19 Gantry actual during centroid:   23263,  23522,367

Immediately before the centroid is taken and immediately after it is taken, the gantry position is read from the Dual Ported RAM.  An average of these two values is determined and is considered to be the actual gantry position during the centroid.

20 Centroid Error:                   -166,    110

This is the difference between the center of camera and the center of the fibre as found in the centroid (in microns, using the camera calibration to convert from pixels to microns). 

6  Actual Fibre position now:       23429,  23412

Take the centroid error away from the gantry position and you have the actual fibre position.

3  Fibre Position error:              -15,      2 :15.1

The target fibre position minus the current fibre position – the error in the fibre position, x, y and absolute.  If the absolute value is greater then the iteration tolerances, then we will iterate (unless we have hit the maximum number of iterations).

14 But pos now from fib pos:        23954,  23110

If we take the original grasp offset away from the actual fibre position, we get this value, which is where we would want to pick the fibre up from when picking it up next.  This should is used I the PMAC Jaw Shut operation (Check details) as the position the button handle is at.

Determining how the fibre moved on putdown.

A fibre moves when released by the gripper.  The basis of the system is that this move is largely consistent for a given fibre for given types of moves (plate to plate, park to plate etc).  This move could be due to a number of reasons, such as:

· The bottom of the button is not perpendicular to the jaw and/or the jaw is not perpendicular to the plate. 

· The button was picked up incorrectly

· Local variation in the plate surface

· Imperfections in the jaw operation.

Only the first of these is actually predictable – and it is the “positioning offset” which is trying to predict these.  An incorrect button pick shows in the grasp offset, but a tilt can not been accurately determined or accounted for.  Local variations in the plate surface can only be handled by iterating – using the last fibre move to determine the positioning error.  Jaw errors are an unknown.

15 Presumed positioning offset:       -10,     18

Based on either the supplied (learnt) value or what happened in the previous iteration  this is how we thought the fibre would move when released from the jaw.  

16 Apparent move on opening jaws:     -25,     17

This is the important value – how much the fibre appeared to move when the jaws were opened.  To determine this, we subtract the measured grasp offset (9) and the actual position of the fibre (3) from the position of the gantry before we opened the jaw (13).

17    Derotated:                     -30,      2

The pervious value de-rotated by theta.  This value from the  0th iteration is returned as the “positioning offset” for this fibre move and is used to help learn the positoning offset of this fibre.

18    Derotated change:               12,      8

How the positioning offset changed from the one we used (15).

New target position

If the fibre position error (3) is greater then the specified tolerance, then the robot will attempt to position the fibre again.  That is, it will iterate.  These calculations are complicated by the details of the grasp.

21 Next Target button position is:  23914,   23129

The new target position.

The starting point for the calculation is the target position that was being used (12).  This position has already accounted for the measured grasp offset (9) and the presumed positioning offset (15).  

We subtract to this the fibre position error (2) and subtract the servo error (3).   Here is the code involved

*tarXb += (*errX - servoXerr);

*tarYb += (*errY - servoYerr);

The effect of this should be to change the target button position to account for the difference in the way the fibre moved when released.

Since the target position is using the grasp offset measured on the previous operation and we want to pick it up using the original grasp offset, we must subtract the measured grasp offset (9) and add the original grasp offset (8).  The code looks like this

*tarXb = *tarXb - graspXmeas + graspXoff;

*tarYb = *tarYb - graspYmeas + graspYoff;

This produces the new target position (21).

Now it should be possible to determine this new target position a different way.  It should be equivalent to the fibre target position (4) plus the grasp offset (8) plus the new positioning offset (-25, 17).  Calculations done by hand show this is true.

4 Other notes about the calculation

If the first iteration gives an error greater then 75 microns, then we try again at the original target position.

Extra debugging lines are output if the Servo error is greater then 0.7 times the iteration tolerance.

5 Actual Log data.

*************************************

Starting move of fibre 365 at: 04/JUN 00;03;11:LogFileVer 2

Move Type:From Plate :To Plate

Iteration Tolerance :15

Fibre Target Position: 23414, 23414, 5.754

Fibre Grasp Offset: 606, 4

Rotated Grasp Offset: 525, -302

Fibre Positioning Offset: -18, 10

Rotated Positioning Offset: -10, 18

Initial Target Button Position: 23929, 23130

---------------------------------

Iteration 0 move data (move from/to plate)

Did move after measuring grasp: YES

Fibre Position error:              -15,      2 :15.1

Servo error:                         0,      3 :3.0

Target fibre position:           23414,  23414

Actual Fibre position now:       23429,  23412

Original Grasp offset rot:         525,   -302

Grasp offset used for pickup:      525,   -302

Measured Grasp offset:             493,   -274

Measured Grasp offset de-rot:      564,     12

Measured Grasp offset de-rot change:     42,     -8

Target button position was:      23897,  23158

Robot pos prior open jaws:       23897,  23155

But pos now from fib pos:        23954,  23110

Presumed positioning offset:       -10,     18

Apparent move on opening jaws:     -25,     17

    Derotated:                     -30,      2

    Derotated change:               12,      8

Gantry actual during centroid:   23263,  23522,367

Centroid Error:                   -166,    110

Next Target button position is:  23914,   23129

---------------------------------

Iteration 1 move data (move from/to plate)

Did move after measuring grasp: YES

Fibre Position error:              -22,      0 :22.0

Servo error:                        -1,      3 :3.2

Target fibre position:           23414,  23414

Actual Fibre position now:       23436,  23414

Original Grasp offset rot:         525,   -302

Grasp offset used for pickup:      525,   -302

Measured Grasp offset:             501,   -268

Measured Grasp offset de-rot:      568,     22

Measured Grasp offset de-rot change:     38,    -18

Target button position was:      23890,  23163

Robot pos prior open jaws:       23891,  23160

But pos now from fib pos:        23961,  23112

Presumed positioning offset:       -25,     17

Apparent move on opening jaws:     -46,     14

    Derotated:                     -47,    -11

    Derotated change:               17,     13

Gantry actual during centroid:   23254,  23545,522

Centroid Error:                   -182,    131

Next Target button position is:  23893,   23126

---------------------------------

