
NASA Goddard Bernard.J.Rauscher@nasa.gov

Information Content by Legendre λ

• λ0 = Familiar bias image 
• λ1 = Familiar slope image 
• λ3-5 = Additional information, some of which is left behind in current pipeline 
• “Bright-Dark” artifacts are interesting. Morphology and appearance are consistent with known 1% of pixel size pointing jitter. 

Jitter direction does not match FITS headers, but members of WFC3 team at Goddard have told us that jitter directions in FITS 
headers may not be reliable for this application. In any case, for any real data, there will always be some jitter and this is how 
it should manifest in λ2 = slope image. 

• We computed aperture photometry for the object in the yellow box. There is a 0.9% difference between the 5th degree 
Legendre fit and a line fit. Legendre fit is fainter.
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Information in the different lambdas

• The HST calibration pipeline retains only λ0 and λ1, although useful scientific information exists out to at least 
λ4. The yellow box is a photometer aperture. There is a 0.9% difference in the integrated signal for this 
source between a 5th degree fit and a 1st degree fit. For this particular example, the 5th degree fit is fainter.
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Fig 5 This figure shows the six Legendre � coefficients for the ROI of Figure 1. The red box highlightes the information
that is used by the WFC3 calibration pipeline. The pipeline fits a straight line (�0 and �1) after “linearization”; thereby
discarding the information that is in �2��4. Consistent with Figure 2b, �5 and higher contain very little astronomical
information. For comparison, we fitted the same data with a 2-parameter straight line. The yellow box is a photometer
aperture. For this source, there is a 0.9% difference in brightness between the 5th degree Legendre fit and the straight
line. The Legendre fit is the fainter of the two. The images show detector edges from stacking (especially �0). The
bright-dark artifacts seen especially in �2 are more interesting. These are caused by ⇡1.5 milliarcsecond guiding
errors (1% of WFC3’s pixel pitch) during each exposure. This is discussed more fully in Appendix C

The brighter-fatter effect can make a “bull’s-eye” pattern around each bright star, with a dark
central hole surrounded by a bright ring in the �2 image. The effect of drifting in/out from pixels
would appear like the bright-dark artifacts seen in Figure 5. Here �2 seems to have been sensitive
to 1.5 milliarcsecond drifts (1% of pixel pitch). For more information on the bright-dark pattern,
see Appendix C.

The higher order �s contain diminishing information. But, as can be seen in Figure 5, informa-
tion is still present in these Abell 370 data until at least �5.

4 Information Compression

Legendre cubes are highly compressible. Looking at the Abell 370 data, consisting of the reset
frame and 15 up-the-ramp samples, a complete data dump would be 16 ⇥ 2 = 32 bytes per pixel.
However, essentially all of the information can be retained in 6 Legendre coefficients. If these are
stored as 4 byte floats this is 24 bytes per pixel, a modest 25% compression. Compressing a typical
astronomical data file with “gzip –best” results in 26.7 bytes/pixel, a 17% compression.
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Fitted in WFC3 pipeline Additional information…


