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Subject: Correcting Periodic Error in Telescope Absolute
Encoders

A. Summary:
The Inductosyn/NPL absolute encoder system used to encode
the telescope azimuth and elevation positions exhibit periodic
| errors of several arc seconds in amplitude. These errors are
| corrected in the mount computer by adding sine wave components to
the encoder input; the coefficients for this operation determine
the amplitude and phase of the components. The coefficients are
determined emperically and updated periodically by measuring the
movement of a star on the Grinnell processer TV video. This
memorandum describes the procedure for updating the encoder coef-
ficients.

B. Description of the encoder system:

The encoder consists of two transducers, a "fine"” encoder
which repeats every 1/512 of a circle, assuming the telescope
could move a full 360° in either axis, and a "coarse” encoder
which counts revolutions of the fine encoder. The amplitude and
phase of the two sine wave outputs of the fine transducer are
compared in the NPL electronics to provide the absolute
positional information. Imperfections in the fine transducer
cause the measured position to vary slightly from the true
position in a periodic and nearly sinusoidal way as the
transducer turns. The predominant errors have periods of 1/512
circle, 1/1024 circle, and 1/2048 circle, especially 1/1024.

The coefficients used by the mount computer software define
amplitude and phase corrections to subtract out the periodic
encoder errors in the fine transducer information. There are six
coefficients for each axis, defined by the period of the
component that the coefficient corrects:

amplitude phase
a512 pS51l2

al024 plo24
a2048 p2048

The command "ppec” used on the mount computer will print out the
current parameters.

C. Setup:

Install the top box with a mirror at the telescope focal
plane, the A0 lens, and an acquisition TV camera with the output
connected to the TCS Grinnell. Enter the commands "sg", "0.0 pa~-
offset”, and "vidicon-ao"” on the TCS computer terminal to setup

for a non~-rotating top box with the AO lens and vidicon acquisi-
tion TV camera.




l. The +y axis on the Grinnell (up) must be aligned with the
+elevation motion on the telescope and the +x axis (right) must
be aligned with +azimuth. To do this rotate the top box to 129°
and check the alignment by moving the image in el checking to see
that the motion moves the image iny only.

2. Do an autostack and use the commands "az ?scale” and "el
9gcale” on the TCS computer to obtain the pixels per arc-second

scales of the image on the Grinnell video.

D. Error measurement:

This section describes the procedure to measure the encoder
errors. How to correct these errors and the order in which the
errors are measured and corrected is described in the next
section.

1. Set the integration (shift down) time to .12 seconds and
the sampling interval (integration time) to 1 second for the
Grinnell with the TCS commands "2 sd” and "10 it", respectively.

2. Enter the number of points for measuring the image
position for at least 1/512 circle with the TCS command "nnn #p"
where,

nnn = 2530/v for it=10

nnn = number of time seconds to move 1/512
circle (or one cycle of the fine transducer).

2530 = number of arc-seconds in 1/512 circle.

v = velocity of the axis to be measured in arc-seconds
per second (from the mount computer status monitor).

3. Place the centroiding (Z) box over the image to be
measured on the TCS Grinnell video with the TCS command "zm".

4, Collect data with the TCS command "zpe”. The TCS
command "print-enable"” used before the "zpe"” command will cause
the data points to be printed out on the TCS terminal as they are
collected.

5. Plot the data after the measurement interval is complete
by first moving the data from the collection buffer to the
display buffer with the TCS command

z az mpb
L———-—-——-el or az to specify axis

specifies image in "z" box

then use - the commands in the plotting vocabulary to display the
data on the TCS Grinnell video:

spl sp2 range tplot

maximum value of data in .1 pixel units
(4 digits)

minimum value of data in .1 pixel units
(4 digits)



6. The 1/2 amplitude of the periodic error component may be
measured in pixels by smoothing the curve and finding the diffe-~
rence between the maximum and minimum amplitude of the component.
The phase error component should be determined after minimizing
the amplitude component. The effect of changing the phase compo-
nent is measured by comparing the amplitude of the periodic error
component with measurements made with different values of the

w__ e

phase "p" coefficient.

E. Correcting the coefficients using the test measurements:

This section explains how to use the procedure described in
the previous section to measure and correct the encoder errors.
Measure and correct the 1024 components first since errors of
this period are predominant. Measure the amplitude "a" component

first, then adjust the phase "p”" component as necessary.
1. Determining amplitude or "a" coefficients:
a. Set the coefficient to be updated to zero. On the

mount computer terminal, enter,

el 0 al024 !
L——uForth for store
L—————-or a512 or a2048

new value of parameter

or az depending on axis

b. Calculate the 1/2 amplitude error in units of the
encoder 26th bit.

Ael = (ep/r) / .0193

Aaz = ((ep/r) / .0193) / cos el
where,
Ael = "a" parameter in elevation in units of
the 26th bit

Aaz = "a" parameter in azimuth in units of the
26th bit

ep = 1/2 amplitude of periodic error as mea-
sured in pixels

r = scale of Grinnell in axis being corrected
in units of pixels per arc-second (normal value is around 6
pixels per arc-second for the AO lens)

.0193 = number of arc-seconds in the 26th bit
of the encoder

cos el = cosine of the elevation angle of the
telescope



c. Enter Ael and Aaz as new "a" parameters for the
frequency component measured.

el Ael alO024 !

2. To update a phase or "p" coefficient:

a. Try 19, 29,6 39 and 4° above and below the existing
"p" parameter to shift the phase. Measure the error and select

the value of "p" that minimizes the periodic error amplitude.
The error takes the form shown below so that the error "null” is

quite narrow:

0° 180" & 300° P

a or b are ideal "p" parameters

b. Enter the "p" coefficient:
el nnn.0000 4 pl024 2!

Forth double
precision store

or p512 or p2048

converts angle
given t o 4

decimal places

to 26 bit
fractional part

of circle

phase parameter
in degrees

or az depending
on axis

F. Permanent correction:

The new parameters must be editted on all the current mount
computer system disks. Also enter the new parameters in the day
log, for security and easy reference.



G. Quick fix:

Normally, the top box must be rotated to align the azimuth
and elevation motions of the telescope with y and x on the Grin-
nell. This causes y measurements on the Grinnell to reflect
periodic error in elevation only and x azimuth error only. But
sometimes it may not be possible to rotate the top box. The
measurements may still be made, but components of error in both
telescope axes will appear in a single measurement. This section
describes a procedure to sort out the components to make a quick
fix on periodic error when the top box cannot be rotated.

l. To correct a periodic error in elevation, select a star
in the east (or west) so that the azimuth velocity is near 0 and
the elevation velocity is pronounced (15 arc seconds/sec or
more). Set el al024 = 0, perform the error measurement described
in section D and plot. Any periodic error will be a function of
elevation. Check by comparing the measured period with the
calculated period.

2531/velocity = period for 1 cycle of fine
transducer

Measure the 1/2 amplitude as described in section D and tramnslate
to the elevation axis by dividing by the cosine of the angle

between the current top box position and 129°. Use this
parameter to correct the coefficients as described in section E.

ep = A / cos (tba - 129)

top box angle

1/2 amplitude of error

2. To find the periodic error in azimuth, find a star in
the south with a minimum elevation motion component, and perform
the same measurements for the azimuth periodic component,

az al024. Translate to the azimuth axis by dividing by the sine
of the angle between the top box angle and 129°.

ep = A / sin (tba - 129)

Use this measurement to correct periodic error as described in
section E.
3. Other "a" components and all "p" components are

typically too small and/or too difficult to measure to use this
procedure. Enter what you have done in the log.



