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1.0 Introduction

This technicalnote provides information on realignindpe gripper unit andecalibrating
the variousimage scales and offsetssed within the robot controlsystem. Most
inportantly it is possible that evedter dismantlingparts of the grippernit that optical
alignment hashot beenlost so tyhe first section deals wittow to decide whether the
alignment has bedpost. If this isthe case then the subsequent sectitwad withthe step
by step procedure to recover the alignment.

It should be noted that simple removal of the gripper unit from the XY carriage should not
necessitate realignment tfe gripper provided themall indexingblock is not renoved
from the rear of the backplate of the gripper unit.

2.0 Have you really lost the gripper alignment?

The gripper tv doesot have its piels perfectly aligned witthe xy axes of theobot, but
the rotationangle is known anthe effect is allowed for whemleterminingthe centroid
position. Therefore if the gripper is positioned ovdibee and then theobot movedonly

in X to movetheimage from side to side dhe tv screenissuing acentroid command at
the engineering interface shoutthowlittle or no change ithe y position returned by the
CENB8OL1 status response (the CEN8AD show the resulirom the previous centroid).
Due to the straightness correction of thexas which modifieghe y position theravill
possibly be a small change. | have never done this test but | would expect lg¢gs than
10 microng(the maximumcorrection due to x straightness).sinilar testcan be done in
the Y direction.

To check thescale it is simple tcompare thelifference inthe centroid positions with the
offset used to movéhe robot. Note thaamovement of approximately §d@ will move
the fibre image from one side of the tv screen to the other.

These simple testsillvconfirm of the opticalalignment ofthe fibre viewing system is ok.
Unfortunately it isnot possible to quicklyest if the centre of the tv @incident with the
rotationaxis ofthe thetabearingbut if this has been disturbéde camera W have been
knocked and the camera pixel alignment should show evidence of movement.

If these tests show thatignment has bedost or if the gripper unihas been completely
dismantled (including removiride fibre viewing system fronthe gripper casework) then
the following steps should be taken te@align the gripper. It is important tdully
understandall of the Autofib coordinatesystems as well abe software and hardware as
both will have to be worked on to re-establish the gripper alignment.

Theindexing block orthe back of the gripper to ensure that the gripper unit as a whole is
repeatably mounted shouNDT be removed. DO NOT remove thecamera olny part
of the gripper tv optics from from their support structure.



If the fibre viewing systen{FVS) hasbeen knockeaut of alignmentyou will not have
lost the tv focus(if the tvhas been moved see tv focussing belga) will havelost the
alignment ofthe tv with thethetaaxis andthe offset between the gripperigin and the
sky viewingprobes (botHixed and mobile). After realigninghe tvsystem you vl have
to recalibrate the various offsets and the geometry of the gripggstem(rotation and
scale).

3.0 Alignment of the tv and rotation axis of the theta bearing

The gripper unit and tv system should be removed titoenrobot to aclean workbench.
You will require a compressed air supply to actividite gripper jaws. Remove the
lightproof coverfrom the gripper twvsystem, this Wl revealthe optics and théwo bolts
with oversized washers which locate the tv system.

Alignment ofthe gripper thetaxis withthe tv centremeans that as a fibre ggipped in
the jaws and the theta axis rotated the fibre image should rotate about the tv centre.

This testwasinitially done with adummy fibrewith no long stainless stetlbe.This was
gripped in the jaws slightly off axis with light shinidgwn the bare end. The videatput

should be displayed on a live video tv screen (12V supply to the video camera required but
take carewith the polarity). The Zaxis canthen be moved by hand to focte image.
Rotation of the thetaxis by hand allows determination thfe rotationaxis. The bolts
locating the FVS should be slackened to offset the FVS to centre the rotation axis in the tv
field. This operation should be repeatedtil the two axes arecoincident by eye, no
accurate measurement should be requirede khat theé=VS should bé&ept as square as
possible tothe gripper casework so that adjustmentsnaaele by offsettinghe FVS in

XY not by rotating it.

With this done everything should be tightened up atiee alignment checked before
replacing the cover and reinstalling the gripper on the robot.

4.0 Calibration of FVS scale and rotation.

This is a bit of a fiddleYou have to reassembtae robotandfibre modulethen arrange
back illumination for a good fibre.

Before starting the contradystem you musteset the current T\Vmage scales and
rotation. You dothis by manally editing the file tvstuff.c in the /hO/autofib/appsource
directory. The variables xscale,yscale,alpha in the findfibre() function should be set to:

xscale 1.00000 /*microns/pixel */
yscale 1.00000 /* microns/pixel */
alpha 0.00000 /* radians rotation of tv x axis wrt robot x axis */



This means that the centroid command ftbeengineering interfaceilvreturn rawpixel
information rather thanmicronsconverted to the correct coordinagstem. Make the
above modificationsnakingsure that you save (write down) the etmues. Then rebuild

the code (make[return]). If make fails due to 'no output files', reboot and repeat the make.

Now start thesystem up antbcate dfibre usingthe engineering interface. Thisaynot be
straight forward as the coordinagstemsarestill out of alignment. DONOT attempt to
move any fibres.

Using the centroidcommand andhe offsetrobotommand determinthe image scale of
the tv in the X and Y directions. The centrammmand W return pixels (as thecale is
set to 1micron/pixel) andthe robot ismoved in microns. Uséhe full width of the tv

screenmakingsure that the centroids loak. Also work outthe correctvalue of alpha,
where alpha ishe anglethe camera pedsare rotatedrom the robot XYaxes with alpha
positive corresponding to the camera Xegixbeingotatedanticlockwise fronthe Xaxis

of the robot.

Edit the tvstuff.c toput thenew values of scale andtation back in aftecheckingthat
they are notridiculously different fronthe previoussalues.Now rebuild the code to use
the newly determined images scales and rotation.

5.0 Locate all the fibres.

This will provetime consuming aall the fibres vill have been placed using a different
zero point. Thenew gripper setup is the new reference point so doif@ga@module
should rectify this, or moreafely do a viewfibreand a loadfibrdor every fibre by hand
unlessmost of the fibres areoming in ok and yowatch the loadmodule toote which
fibre it fails on.

You now havethe fibres andobot on thesamecoordinate system, check thingst by
moving a few poor fibres....just in case!

6.0 Gripper and sky viewing probe alignment.

The final stepinvolves chekcinghe alignmentbetween the gripper and tisky viewing
probes. This really needs doing on the sky with a bright (10th Mag) star.

Put aguide fibre at 0,0, movthe telescope to centre the stamaedl as possibleMove
the sky viewing probe to vie®,0 (viewsky 0 0) then offseéhe robot tacentre the star on
the centre of the coheremsingthe autoguide in tv mode.dte down thepositions of the
ROBOT XY after the viewsky 0 0 and after the star has successfully been centred.

The relationship between the gripper and mobile probe coordinates
are as follows:



xgrip = xsky -xview_offset
ygrip = ysky -yview_offset

where xview_offset and yview_offsatevariables with values hardwired intibe code at
the beginning of the main() function in control.c in the /hO/autofib/appsource directory.

With the star going down the guidiere at0,0 moving the mobile probe around so that
the star appears at the centre of mhabile probe window W enable you tdind the
requied offset...the gripper positionliibe equal in sizébut opposite irsign tothe value
of the offsets.

ie xsky =ysky =0
xgrip = -xview_offset ygrip = -yview_offset

Remembering to savbe oldvalues, changtheinline code to use the nevalues, rebuild
the code and reboot timeicro before restartinthe controlsystem. Thenapeat the test to
check that the changes have been correct.

Once you are confidertbout bcating stars, try tput the star in the centre of tfired
probe.Using a sky PA of 90centre a star at 0,0 in tlhebot coordinate system, then
offset the telescope by 1756 arcsec in declination (north or south?).

Now park thefixed probe thenmove the mobile probe to the stars locatidjafvsky -

102000 0), move the probe around to centre the star mab#gewindow, the coordinate
of the mobile probe thendefinesthe off axis probe positionwhich shouldnot be too
different from that above. (it wa201887,-72 in June 95 but tof axis probehas been
removed sincethen). Now park themobile probe andbring in the off axis probe

(moveprobe 150000) and the star should appear in the fixed probe window.

7.0 Gripper focus

The gripper focus must be done with the fibre on the fieldplate, carefully remove the FVS
cover, the microscopebjective to be moved is in a brass lens bdretlveen the tv and

the folding prism. The tv should be focused ugimgnear IHeds as used inyifos or the
guidefibre backillumination. IT WILLNOT WORK if you focus inthe visible or white

light.

After changingthe focus omovingthe tv camera you must check gtales andotation
of the tv camera as above.

8.0 Setting the fieldplate height variable
The grippeffieldplate height variable defindise position the gripper griven to inorder

to pick up fibres fromthe fieldplate. The home switch idefined aszero for the
incrementalkencoder. The park position is 500 coufntsn the home position, this is the



lower limit for driving the robot.The normal position for the gripper in the raised position
(carrying a fibre omnot) is 2000 countfom the home switchtowards thdfieldplate. The
fieldplate is approximately 5800 counts from the home position. One fault witbytem

is that if thehome switch is movetherelative positions othefieldplate and home switch
will need to be remeasured.

To determinghe correctheight ofthe fieldplate the follwing procedure is suggested, an
alternative is mentioned at the end of the section.

It can benotedfrom the grippersubassembly engineering drawin@gip-sa.dwg) that
whenthe gripperbody is in a position suitable to pickfiare from the fieldplate (ie jaws
halfway down the fibre handle) the gap between the inside of the casework and the gripper
body (measured betwedémetwo linear bushings othe oppositeside tothe leadscrew) is
7.58mm.

Power up the robdrom the dmc30Qest program as testing the Z servo loofuning
(see theechnical manudibr detailed instructions)nitialise the Zaxis by instructing it to
find the home swtcih and thettefine thatposition aszero, the endoer is nw set up as it is
used by the ain control systemNow turn the motorsff (MO), youshould now beble

to turn the Zaxismotor byhand and sethe Z positionchanging (issu¢he TPcommand

to the Galil card).

Carefully insert asmall slipblock 7.58mm think betweethe gripper casework and the
gripper body and drivéhe gripper down in Zintil the block juststops themotion but not
beyond aghe sprung leadnutilivallow further motion andgjive anincorrect reading. At
this pointget the encodeeading, this vil be the correcwaluefor the PLATEvariable in
the af2defs.h file. The code must be rebuilt after changing the PLATE variable.

Note that inpractice thedimension of 7.58mmmnay beinaccurate and should be checked
and updated.

Before proceeding wwd backthe Z axis, removethe slip block and quit fromthe test
program.

An alternative might be to set the PLATAriable to a large number (s&9000) andrery
carefully drivethe gripper unit down overraumber of fibres checkintihe height atwhich
a goodgrip is found, however this is dangeroustlasre wil be little protection against
driving the gripper into the fieldplate.



