
Figure 2 • Verification of Distortion Corrections.  The positions of 
stars in rectified paired images of ω Cen generally agree with better than 
0.1-pix accuracy. In order to meet that requirement, differential shift, 
rotation, and scale (as introduced by variations of the OTA and PCS) 
must be determined.  Typically, the amplitude of these is ~0.1-pixel. Each 
row presents the results of the comparison of a pair of images. The plot 
of the right presents the position differences of the star images, typically 
5,000 per image, which are dominated by measurement error.  The 
vector displacement averaged in 256×256-pixels bins is presented on the 
left. Full results are presented at http://www.stsci.edu/hst/wfc3/analysis/idctab_testing/index_html . 
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Fig. 1 a – e • Variation of Scale and Skew
(Kozhurina-Platais et al. 2010)  a – (top panel) Difference 
of scale for 10 UVIS filters and CCD Chip 1, relative to F606W.  
b – (2nd panel) Same as a, for CCD Chip 2.  c – (3rd panel) 
Same as a, for IR detector and 5 filters normalized to F160W.  
d – (4th panel) Long-term stability of UVIS camera as 
measured by the angle between the tangent plane coordinate 
axes.  During the first year of on-orbit operations, on a 1–year 
timescale, the skew has changed by much less than 1ʺ″, or less 
than 0.02 pixel displacement across the detector FOV.  e – 
(bottom panel) Short-term stability of the UVIS camera.  The 
skew varies periodically on the orbital timescale by ~1ʺ″ (0.02 
UVIS pixel), possibly caused by “breathing” of the OTA focal 
length.  

Abstract • Images formed by the WFC3 IR and UVIS 
channels are distorted from a tangent plane projection of the sky 
by of order 10%. General fourth order polynomials adequately 
represent the distortion field of each channel. For WFC3, we 
calibrate the coefficients of the polynomials from the measured 
positions of stars in images of the globular cluster ω Cen and 
astrometric catalogs of their positions. Such polynomials obtain 
0.1-pixel accuracy, which is sufficient for the MultiDrizzle PyRAF 
task to combine mosaics of exposures, to reject cosmic rays 
artifacts, and to co-add dithered images. Refractive elements 
(optical filters, windows, and correctors) perturb the distortion 
field, which may be represented by filter-dependent polynomial 
coefficients. We present the calibration of 10 of the UVIS filter 
polynomials and 5 of the IR filter polynomials, and the filter 
dependence of the variation of the distortion field. Images 
formed by the HST Optical Telescope Assembly suffer variations 
due to changes in temperature during an orbit. We present 
measurements of the orbital and secular variation of the image 
scale and skew caused by that variation. The stated accuracy of 
the calibrations is verified by the comparison of pairs of rectified 
images taken through different filters, at different pointings, and 
at different telescope orientations. 

In order to combine images using the MultiDrizzle Pyraf task, it is 
necessary to geometrically rectify the exposures with 0.1-pixel 
accuracy.  We present here the results of tests that demonstrate that 
level of accuracy is being met using MultiDrizzle and the calibrated 
image distortion of the WFC3 IR and UVIS channels (Kozhurina-
Platais 2009a, b; Petro 2010).  Images are distorted slightly 
differently in each filter, 10 of which have been calibrated for the 
UVIS channel, and 5 for the IR channel. Note that Bellini and Bedin 
(2010) have carried out and independent calibration of the UVIS 
image distortion.  The variation of the pixel scale amongst these 15 
filters is illustrated in Figures 1 a, b, and c.  The MultiDrizzle model of 
the WFC3 distortion accounts for the variation of distortion with filter 
and detector, but it does not account for variation of the non-
perpendicularity (the skew) between the image axes.  A slow 
(timescale of years), secular variation of skew is exhibited by ACS.  
Whether WFC3 would exhibit such a variation was of interest.  Figure 
1d demonstrates that a secularly, slow variation of skew is not 
exhibited by WFC3/UVIS.  However, Figure 1e demonstrates a small 
amplitude, orbital timescale variation of skew of WFC3/UVIS.  We 
may expect the MultiDrizzle model to rectify and combine images.  
Tests of the calibration and image model are presented in Figure 2.  
The consistency of the positions of the rectified images of thousands 
of stars in pairs of selected images demonstrate the consistency of 
the IR and UVIS calibration and the consistency of WFC3's World 
Coordinate System calibration.  A statistical summary for two kinds of 
tests of the UVIS channel are presented in Table 1 and Table 2. The 
0.1-pixel requirement has been bettered. Figure 2 indicates similar 
accuracy for the IR channel. 
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Table 1 
Consistency of Filter Distortion Polynomials 

Rectified Image Pairs of ! Cen 

Filter 

Position Differences From F606W 
(Average in 256"256-Pixel Cells) 

Median 
(pix) 

Maximum 
(pix) 

F225W 0.019 0.061 
F275W 0.014 0.058 
F336W 0.018 0.053 
F390W 0.019 0.060 
F438W 0.017 0.081 
F555W 0.034 0.098 
F775W 0.024 0.067 
F814W 0.016 0.088 
F850LP 0.027 0.066 
!
!

Table 2 
Verification of Distortion Polynomials 

Rectified Image Pairs of ! Cen 

Filter 

Position Difference From 180˚ 
Rotation 

(Average in 256"256-Pixel Cells) 

Median (pix) 
Maximum 

(pix) 
F225W 0.040 0.161 
F275W 0.020 0.059 
F336W 0.023 0.087 
F438W 0.027 0.093 
F606W 0.027 0.121 
F814W 0.024 0.075 

IR detector. 
F160W & F139M. 
Same guide stars. No 
commanded shift, or 
roll. 

UVIS detector. 
F606W & F814W. 
Same guide stars. No 
commanded shift, or 
roll. 

UVIS detector. 
F606W & F225W. 
Same guide stars. No 
commanded shift, or 
roll. 

UVIS detector. 
F606W & F606W. 
Same guide stars. 
113″ commanded shift. 
No commanded roll. 

UVIS detector. 
F225W & F225W. 
Different guide stars. 
No commanded shift. 
180˚ roll. 

UVIS detector. 
F814W & F814W. 
Different guide stars. 
No commanded shift. 
180˚ roll. 


