
Pre-Processing Techniques

Once an image is generated and received from a satellite instrument, and before it can be analyzed, it must go through a number of pre-processing steps. Most pre-processing algorithms will be designed or at least adapted to deal with the specific dataset they are being run on and to the final application. However, they all adhere to the same general ideas. First, the images are pre-processed to correct for various atmospheric, radiometric and geometric effects (see Imagepedia articles on Remote Sensing and Image Processing), then images are processed and analyzed for the specific application for which the data is being used.  

Acquisition Corrections Pre-processing
Most of NASA's satellite data products are classified according to the following data levels (EOS, 1995):

· Level 0 data are the reconstructed raw instrument data at full resolution.

· Level 1A data are reconstructed, time-reference raw data, with ancillary information including radiometric and geometric coefficients.

· Level 1B data are corrected Level 1A data (in sensor units).

· Level 2 data are derived geophysical products from Level 1 data, at the same resolution and location, e.g., atmospheric temperature profiles, gas concentrations, winds variables, etc.

· Level 3 data correspond to the same geophysical information as Level 2, but mapped onto a uniform space-time grid.

· Level 4 data are model output or results from prior analysis of lower-level data.

So in Levels 0 to 1B data (as defined above), pre-processing is utilized to correct for a certain number of issues that become apparent during acquisition such as geometric anomalies, terrain variation, atmospheric interactions, and various lighting conditions. This includes correcting for the detector’s radiometric sensitivity, spatial adjustments, geometric adjustments, atmospheric correction, and correction for terrain effects, etc. Then, some Level 2 products might include other pre-processing such as noise filtering or cloud detection. In noise filtering, a filter attempts to subtract noise (i.e., random fluctuations in receiver response) from the pixels intensity values, in order to retrieve what is considered to be their “true” values. For example, such filters or algorithms might compute appropriate “true” values based on statistics of the surrounding pixels (mean, average, histogram distribution, etc.); other more complicated algorithms are part of a large field of remote sensing research studying calibration methods. Many remote sensing references deal in depth with these issues. In some cases, images need to be re-projected onto a different grid and/or may also be spatially corrected spatially if the spatial resolution returned from the detector is different from what is needed for the application.  If an image’s resolution must be increased, it would be resampled via some interpolation method; if it must be decreased, one may ensure smoothness and accuracy of the resulting image by using different filters or applying various transforms such as a discrete wavelet transform. 

Clouds and the atmosphere itself may also affect the image. Any cloud cover will necessitate the use of a cloud detection algorithm to identify cloud pixels. The atmosphere itself will cause variations in the reflectance values of each pixel and this effect is corrected by utilizing models of the optical characteristics of the atmosphere, of the sensor properties and of the inversion procedures that derive the surface reflectance.

The image will also have to be geometrically corrected. Ideally the image should appear as a map, as if it were a picture taken from a point directly above the center of the scene. Given that the image is often taken from an instrument mounted on a satellite orbiting the Earth and is one of several hundred locations the instrument is set to observe, it will often appear “slanted” due to the angle the instrument is at relative to the center of the scene. In addition to this slant, there will also be an apparent “bowtie effect” due to the nature of the scanning process. As the instrument scans a section of land, it stays essentially stationary relative to the point being observed. However, a scanning instrument must rotate along its axes in order to record the entire scene. This results in pixels representing a proportionally larger and larger area on the ground as the sensor observes further and further along the scan direction axis and away from the flight direction axis. The resultant image appears “stretched” towards the corners, where the same size pixel represents a larger area of the scene. Were a grid of corresponding latitudes and longitudes for the scene laid over the image, the grid would make a sort of “bowtie” shape. Geometric pre-processing usually corrects for this effect.

More generally, geometric correction is performed using “systematic correction” or “navigation” algorithms. Systematic correction is usually model-based and takes into account information such as satellite orbit and attitude, sensor characteristics, platform/sensor relationship, and Earth rotation and curvature. Additional geometric corrections may be made during image registration, also known as precision correction. Precision correction, unlike systematic correction, is usually feature-based; starting from the results of the systematic correction (usually accurate within a few pixels), it utilizes selected features or control points to refine the geo-location accuracy within one pixel or a sub-pixel. Precision correction is either implemented as a post-processing to the systematic correction, or systematic and precision corrections are integrated in a closed-loop where the results of the precision correction are utilized to refine the navigation model. For applications such as data fusion and change detection, it is very important to reach the sub-pixel accuracy that can be achieved by precision correction. Image features can be extracted using methods such as edge or corner detection, wavelet transforms, region segmentation or by computing spatial statistics in the entire or well-chosen portions of the image. 
Once the image has gone through the first stages of pre-processing, it is nearing a state where it can be used for the scientist’s specific application. Further processing includes map cover assessment or classification, statistical spatial analysis, analysis of time series, etc. More details about all these different techniques can be found in the references below.

For more information on this topic, see the following references:

· Canada Center for Remote Sensing, Tutorial on the Fundamentals of Remote Sensing:

http://www.ccrs.nrcan.gc.ca/resource/tutor/fundam/index_e.php
· Campbell, J. B. (1996), Introduction to Remote Sensing, 2nd Edition, Guilford Press, NY

· Earth Observing 1 (EO-1) Mission; Advanced Land Imager (ALI) multispectral instrument and Hyperion hyperspectral instrument: http://edcsns17.cr.usgs.gov/eo1/
· Le Moigne, J. and Cromp, R. F. (1999), Satellite Imaging and Sensing, in J. G. Webster, Ed., The Measurement, Instrumentation and Sensors Handbook, CRC Press, pp. 73.42—73.63.
· Le Moigne, J., El-Saleous, N., Vermote, E. (1997). Iterative Edge- and Wavelet-Based Image Registration of AVHRR and GOES Satellite Imagery. Image Registration Workshop, NASA Goddard Space Flight Center, November 20-21, 1997, NASA Publication #CP-1998-206853. Also displayed as one of the Imagepedia sections.
· Lillesand, T.M., and Kiefer, R.W. (1987), Remote Sensing and Image Interpretation, 2nd Edition, John Wiley & Sons, NY.
· Short, N.M. (2009), The Remote Sensing Tutorial, http://rst.gsfc.nasa.gov/; also NASA Reference Publication 1078 and Library of Congress Catalog Card No. 81-600117.
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Figure 1

Landsat7 – Chesapeake Bay Area – Band 2
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Figure 2

Histogram Equalization Applied to Figure 1
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Figure 3

Edge Detection Applied to Figure 1

