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TELESCOPE IMAGE MODELLING AT STSCI
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INTRODUCTION

At the Space Telescope Science Institute (STScl) there has been a continuing
effort to model Hubble Space Telescope point spread functions. PSF simulations
played a critical role in determining that spherical aberration was causing the
distortion visible in HST data, and since the discovery of the problem, work has
been underway to more accurately simulate PSFs in order to provide a proper
prescription for the corrective optics in COSTAR and WFPC II, as well as for
use in deconvolving images and spectra.

THE HST POINT SPREAD FUNCTION

The general properties of the HST PSFs have been described in detail elsewhere
(Burrows 1991), so small scale characteristics important for simulating PSF's are
discussed here.

Variations of as little as 0.02 waves (referenced at 547 nm) of path error
caused by aberrations such as defocus, coma, and astigmatism can visibly alter
the PSF. The large amount of structure caused by diffraction effects from the
mirror pads, secondary mirror obscurations, and spiders make these changes
evident. Coma, for instance, may make the distance between one pad and the
core less than that for the other two. Astigmatism causes a slight elongation of
a PSF, as well as a cross shaped pattern in the core. With such high sensitivity,
structure caused by mirror zonal errors is also evident. Figure I illustrates the
effects of these errors, which become more obvious at shorter wavelengths. The
diffraction patterns are smoothed by jitter and wavelength dependent variations
over the filter bandwidth.

The Wide Field and Planetary Camera (WFPC) repeater optics introduce
another set of secondary mirror and spider obscurations to the light path. Be-
cause of the spherical aberration, the field dependent shifts of these obscurations
relative to the telescope’s are obvious, causing a “shadow” of the repeater sec-
ondary and distortion of the core near the detector edges. In addition, the
entrance baffles to the repeater optics (von Lossberg 1991) cause significant vi-
gnetting at the edges of the field. Accurate models require that the positions of
these obscurations be known to within about twenty pixels.
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STSCI PSF MODELLING SOFTWARE

The primary PSF simulation program at STScI is TIM (Telescope Image Mod-
elling software). In addition, routines written in IDL (Interactive Data Lan-
guage) provide rapid generation of moderate quality PSFs, primarily for proto-
typing and phase retrieval fitting.

The TIM package consists of five main stages. The first computes the
amplitude distribution function for a given pupil function and a set of aberration
and wavelength values. This forms the input to the second stage, which generates
a critically sampled PSF for each desired wavelength, and can include mirror
microroughness, zonal errors, and jitter. The third stage integrates the PSF onto
detector pixels using sinc interpolation with subsampling to ensure accuracy.
Since the detector size is user selectable, an oversampled PSF can be produced
for deconvolution. The first three stages generate a set of data files for each
wavelength, and the fourth combines these via a weighted average determined
from instrument and filter throughputs to produce a polychromatic PSF. If
necessary, the fifth stage can simulate detector defects, such as saturation, cosmic
rays, and bad pixels.

For WFPC, TIM can generate a pupil function for a given detector position.

The TIM software currently executes on VAX VMS systems and is being
ported to the IRAF environment by the STSDAS group at STScl. The executa-
bles are available via anonymous ftp on STEIS (the Space Telescope Electronic
Information System) at stsci.edu. TIM accesses the calibration database, which
is also on STEIS, for instrument and filter throughputs. For more information
contact the User Support Branch at STScl. \

FUTURE DEVELOPMENTS

A great deal of work is being done at STScI to determine the aberration values
to a high degree of accuracy, largely through the use of phase retrieval methods.
In addition, studies of the effects caused by mirror scattering and jitter, as well
as other lower magnitude aberrations, are underway.

In response to the need by scientists outside of the Institute and without
VAX systems, a portable PSF generator is being written by Krist which will con-
tain the basic features needed to provide high quality models for deconvolution.
The first release of this system is planned for February, 1992.

REFERENCES

Burrows, C. J., Holtzman, J. A., Faber, S. M., Bely, P. Y., Hasan, H., Lynds,
C. R., & Schroeder, D. 1991, ApJ, 369, L21

Burrows, C., & Hasan, H. 1991, Telescope Image Modelling User Manual (STScI)

von Lossberg, Bryan “Vignetting at Entrance Baffle of WFC (f/12.9) Relay
Optics Housing,” JPL interoffice memo dated February 12, 1991

© Astronomical Society of the Pacific * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1992ASPC...25..223K

FTO92ASPC. ~. 257 “223K!

TELESCOPE IMAGE MODELLING 225

FIGUREI Observed and simulated point spread functions for a star
observed through a wide band filter centered at 230 nm (F230W) using
the Planetary Camera (chip 6). On the top left is the observed star,
with cosmic rays visible. To the right is the mirror zonal error map.
The maximum peak-to-valley error is about 0.02 waves (at 547 nm). In
the lower right is a TIM model which does not incorporate the mirror
map, and to the left is one that does. Both models are polychromatic
and were generated with the same aberration settings, which were not
fully optimised for this PSF.
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