
the fitted slope.1 The planned pipeline calibration sequence for JWST is typical. It includes: (1)
bias correction, (2) reference pixel correction, (3) linearization, (4) dark subtraction, (5) cosmic
ray detection, and (6) slope fitting. Linearization is based on fitting a low degree polynomial to the
up-the-ramp samples in calibration flats. As described by Vacca, Cushing, and Raynor (2004)10

and Hilbert (2014),11 the resulting polynomial fit coefficients are used to linearize astronomical
exposures before fitting a straight line to each pixel to infer the flux. Typically, linearization as-
sumes that the charge integration rate at the beginning of the exposure is the “true” one, and uses
the calibration polynomial fit coefficients to make multiplicative corrections to later samples for
which non-linearity is significant.

Fitting a “deg” degree polynomial to n up-the-ramp samples projects the data from the Carte-
sian n-space in which they were acquired into a monomial space of deg+1 dimensions, (the mono-
mial basis vectors are {z0, z1, z2, . . . , zdeg}, where z is the frame index). The coordinates in mono-
mial space, the polynomial fit coefficients, provide a representation of a pixel’s response that is
optimal in a least squares sense to the specified fit degree. However, the monomials are not an
orthogonal basis, and they do not offer insight into how high the fit degree needs to be. Moreover,
as we show in §2.5, there often exist significant linear correlations between the monomial fit co-
efficients. For these reasons and others, we decided to use principal component analysis (PCA)
to see if there might exist a better basis for modeling up-the-ramp sampled IR array data than the
monomials.

The input data were provided by the NASA Goddard Space Flight Center Detector Charac-
terization Laboratory (DCL) as part of the WFIRST project. WFIRST’s Wide Field Instrument
(WFI) uses 18 Teledyne H4RG-10 near-IR detector arrays. The 4K⇥4K pixel H4RG-1012 is the
most recent member of Teledyne’s HxRG family of HgCdTe near-infrared detector arrays. The
underlying HxRG architecture is an outgrowth of the 2K⇥2K pixel H2RG13 that was introduced in
about 2003 for JWST . The “H” in HxRG stands for Hawaii, x 2 {1, 2, 4} refers to the number of
kilopixels in the vertical and horizontal directions, “R” stands for reference pixels, and “G” stands
for guide mode. Compared to the earlier 1K⇥1K pixel H1R detector that was used by WFC3, the
H2RG and H4RG include a built-in guide mode. Two versions of the H4RG are available. The
H4RG-10 has 10 µm pixels and is used by WFIRST because mass and volume are at a premium.
The physically larger H4RG-1514 offers 15 µm pixels. It may be better matched to the optics of
large, ground based telescopes.

At first, we studied laboratory flatfield data from two different WFIRST H4RG-10s controlled
by 3rd generation “Leach” controllers from Astronomical Research Cameras, Inc., and both gave
identical results. The PCA immediately suggested a dramatically better basis than the monomials:
the Legendre polynomials. If z is an index that runs over frame number and s(z) is integrated
signal, then today’s monomial approach fits,

s(z) =
degX

i=0

aiz
i, (1)

where the ai terms are the fit coefficients. Typically deg = 3 is used for linearization while deg = 1

1For a description of up-the-ramp sampling, please see Appendix A.2. The WFC3 IR calibration pipeline is
described in §3.3 of The WFC3 Data Handbook.9 A similar pipeline to is in development for JWST and planned for
WFIRST
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