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Introduction

The primary thrust of this EO-1 project was to develop an automatic atmospheric correction program to reduce Hyperion data to apparent reflectance and to validate it.  Because Hyperion is a pushbroom imaging spectrometer, the change in spectral calibration across the array brought about by smile and detector alignment must be taken into account.

A program called HATCH (Qu, et al) was developed to replace ATREM that has been in use for many years.  Comparisons of HATCH with results from ATREM, ACORN and FLAASH were undertaken as a part of the validation process.  Comparisons with ground measurements for data from AVIRIS and Hyperion were also used for validation

Progress

HATCH Software

The High-accuracy Atmosphere Correction for Hyperspectral Data algorithm for pushbroom sensors (HATCH-2d) is specifically designed to process hyperspectral data from Hyperion. The response function, characterized by band centers and FWHMs (Full-Width Half-Maximum), for Hyperion differs from the center to the edge of the array by as much as 3.5 nm for center wavelength and 0.5 nm for the FWHM. However, a shift of band center by 0.1nm can result in up to 5% difference in the retrieved reflectance spectra at atmospheric absorption regions (e.g., around .94 water vapor band). HATCH-2d stores atmospheric parameters, i.e., sun-surface-sensor transmission, path radiance, and spherical albedo, in three-dimensional (wavelength, water vapor amount, detector ID number) arrays.

A key feature of HATCH is that it derives calibration for the sensor spectral response functions (band centers and FWHMs) from the data themselves. This is approached by utilizing known atmospheric absorption features (e.g., water vapor and oxygen bands) and the application of a technique dubbed the  "smoothness test". In this method, a series of surface spectra are retrieved with different band centers and FWHMs, and the spectrum with the least atmospheric residuals corresponds to the proper band center and FWHM. In HATCH, the criterion for the least atmospheric residuals, or "smoothness", is the magnitude of the high frequency components in a spectrum. For optomechnical sensors (e.g., AVIRIS) a single spectral calibration applied over the entire scene is all that is required.  . 

For pushbroom sensors such as Hyperion, however, the calibrated shift of the band center or FWHM differs from column to column. For proper reflectance retrieval, the spectral calibration should be performed on a column-by-column basis, i.e., each column has a different band center or FWHM shift. Yet, direct implementation of the HATCH algorithm turns out to be computationally expensive, as one has to retrieve a statistically large number of surface spectra for each column and for a series of different band centers and FWHMs. A faster algorithm was implemented by using median band center shift and FWHM shift from 5 adjacent columns' spectral calibration as the initial band center and FWHM shift. This reduces computation time by a factor of 5.
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The software is now complete and GUI’s have been developed for the Windows application and are shown in figures 1 and 2.

Figure 1.  Initial GUI from which either AVIRIS or Hyperion data can be addressed
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Figure 2.  GUI for use with HATCH 2-d.

Striping Removal

Analysis of the Hyperion data first requires removal of the striping artifacts that are caused by bad pixels and inaccuracies in the precision of the radiometric calibration across the detector array.  The technique consists of forcing the mean and standard deviation of each column to match that of the grand mean and standard deviation of each spectral band image individually.

Mathematically, the process can be described as follows: Let 
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 be the value (DN) of a pixel in row i, column j and band k.  If 
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 are the mean and standard deviation of the band k, the latter can be “destriped” by replacing each vector column 
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such that the new vector 
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has the same mean and standard deviation of the band.  In equation 1, 
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 is the gain and 
[image: image8.wmf]b

jk

 is the offset value.  Therefore,
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From  (1) 
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By substitution
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then
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Therefore, any kth band can be “destriped” by modifying the DN of the N pixels in every j-th column according to
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where N is the number of rows.

This technique was applied to radiance images as well as reflectance images and the quality of the correction was determined by inspecting higher order Maximum Noise Fraction (MNF) images for striping artifacts.

HATCH Testing 

The testing of HATCH has been to: (1) identify software bugs and correct them; (2) streamline the user interface; (3) make recommendations for new features and finally (4) to validate HATCH against the similar software packages ATREM, ACORN and FLAASH.  

We have completed items 1-3 and are currently completing item 4.  The initial results in the comparisons with AVIRIS images show

1. The differences in the retrieved reflectances are not related to the signal-to-noise ratio effects but are real model differences

2. There is little to choose from among the models.  HATCH generally produces smoother spectra in the 2.1 (m CO2 region.

3. All of the models produce overshoots in the 0.94 and 1.14 (m region most of the time.

In the case of comparisons between HATCH-2d and the other three models we found:

1. As with AVIRIS there is little to choose from among the models.  This result, while disappointing, shows that model differences predominate over SNR and smile effects in the Hyperion sensor.

2. Errors or more correctly overshoots in the 0.94 and 1.14 (m regions increase with increasing precipitable water vapor amounts.

3. Unlike with AVIRIS, none of the models compensate for CO2 well in the 2.1 (m region.

4. HATCH 2-d retrieving apparent reflectance on a column-by-column basis, does not appear to provide a significant advantage over choosing an average spectral calibration over the whole array.  

The general conclusion is that radiative transfer modeling for atmospheric modeling is still an inexact science and that the general remote sensing community expectations for the quality of  apparent reflectance retrieval are greater than can be met currently by modeling.
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