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Introduction

HDFclean is a program for reprocessing images stored in the HDF file format (Hierarchical Data Format). Two types of processing may be selected: Fill Missing Pixels and Remove Stripes.

The intended use is to tidy up images of the Earth captured by the CHRIS hyper-spectral imager. This instrument was built by the former Sira Space Group (now part of Surrey Satellite Technology Ltd (SSTL)) as part of the ESA PROBA satellite. It has been operational since October 2001, so there is a sizable library of images.

The program may work with HDF images from other sources, but this cannot be guaranteed (see Compatibility).  

System Requirements

 Operating system

The application should run on any recent Windows operating system including NT, 2000, XP.

 Memory

In operation, the application loads the whole of the input image array into memory (but not the rest of the source file). However, the processed form of the image only exists in memory one band at a time. Given the maximum size of CHRIS images, it is recommended that at least 200 Mbytes of RAM should be available when HDFclean is run.

 .NET framework

The application depends on the latest version (V2.0) of the .NET framework being available when it runs. If it is not present, the application terminates with an error message, which specifies what needs to be installed.

The .NET framework is freely available to download from the Microsoft web-site, in the form of the redistributable installer file dotnetfx.exe. However, the file is over 20 Mbytes, and you need Administrator privileges to run the installation, so it may be easier to seek assistance from IT staff.

Installation
The following files can be downloaded:

HDFclean.exe
User interface

ScanHDF.exe
HDF file handling

CHRISimage.dll
Image processing

HDFcleanHelp.doc
Word document Help

Installation is a simple manual process:

1. Create a suitable folder for the application, for instance C:\Program Files\HDFclean.

2. Click on the file names above and Save onto the folder.

3. Create a desktop or Start menu shortcut to the application, for the suggested folder it would point to C:\Program Files\HDFclean\HDFclean.exe.

Operation

 General

 Open

To open an HDF file and load the image it contains, go to File -> Open... (or shortcut Ctrl-O), and use the File Open dialogue to select the required file. The default behaviour is to display files with the .hdf extension only. By setting the ‘Files of type:’ box to “All files”, it is possible to select HDF files, which have other file extensions.

If an image is already loaded, the Open operation simply replaces it with the new image.

 Preview

When an HDF file is loaded, the image dimensions are displayed on the left against ‘Bands (z)’, ‘Lines (y)’ and ‘Samples (x)’. On the image display the horizontal or x-axis corresponds to samples along each line, the vertical or y-axis corresponds to scan lines. The z-axis corresponds to the stack of different spectral bands, which may only be shown one at a time as grey-scale images.

Initially band 1 is displayed. Different bands can be selected by clicking on the up/down arrows on the control, by using the up/down arrow keys on the keyboard, or by typing a band number into the control followed by the Enter key. Note that the grey-scale brightness range is automatically adjusted for display, to help make relevant detail visible, so it is not useful to compare the brightness of different bands.

On the View menu, the image display can be switched between the default ‘Fit Image to Window’ and ‘Normal Size (1:1)’. In the latter case one pixel on the image appears as one pixel on the screen. Note that the HDFclean window may be switched to full screen, or resized by dragging its borders. Edit -> Copy (or shortcut Ctrl-C) will copy a complete 1:1 bitmap image of the current band, irrespective of the display settings, to the clipboard for pasting into other applications.

The processing operations selected by the check boxes are always applied to the single band image before it is displayed. There are two processing operations available, Fill Missing Pixels and Remove Stripes, and these may be selected in any combination. The preview allows the effect of switching these operations on and off to be observed, so it can be decided whether to apply them.

Process and Save

To save the processed image as an HDF file, go to File -> Process All Bands and Save as HDF... (or shortcut Ctrl-S), and use the File Save dialogue to enter the name of the output file. A default filename is automatically generated, based on the original name with the suffix ‘_c’ added. If you choose a file name that already exists in the selected folder, you will be asked if you want to over-write that file.

Note that the processing of the image takes place one band at a time in the course of the Save operation. All bands are processed in the same way, according to the options selected at the time. If no processing options are selected, an error message is displayed and the Save operation is cancelled. 

 Fill Missing Pixels

Missing pixels are data points with zero or negative values. The processing replaces any invalid point using the average of the values of the two valid points on either side of it. If there is only one valid adjoining point (this includes the situation at the beginning or end of the line), then its value is used. If there is no valid adjoining point, the value is set to zero.

In the CHRIS system, alternate pixels are downloaded from the satellite in different data blocks. The most frequent cause of missing pixels is the loss of one data block, which produces a ‘stapled’ effect across the image where alternate pixels default to zero (black). 

 Remove Stripes

Temperature-varying calibration errors in the CHRIS imaging system result in a striping effect down the image. The processing readjusts the relative brightness of different columns to minimize the effect. The brightness of each column is assessed by measuring the average of pixel values that fall within the inter-quartile range (i.e. the darkest 25% and the brightest 25% of pixels are rejected before averaging). The processing is based on an algorithm developed by Dr Jeff Settle from ESSC at Reading University, England.

Note that this processing does not work well on all images. In particular, the presence of high contrast linear features (usually man-made), which happen to be aligned with the direction of travel of the satellite, and therefore with columns of the image, can produce serious artefacts. Also the presence of large areas of bright cloud can cause stripes to be added rather than removed.

Compatibility

An HDF file from another source may be usable with HDFclean, provided it conforms to the following assumptions:

· the image is stored as a SD (Scientific Dataset)

· if there is more than one SD in the file, the required image is in the first SD

· the image is 3 dimensional, consisting of a 2 dimensional image for each band consecutively

· the data points are 32-bit integers, stored in the standard HDF order (most significant byte first)
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