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ABSTRACT: The purpose of this paper is to present results from preliminary research using im-
age spatial statistics to improve the resolution of low-resolution digital images. Improvement is
needed whenever images from different sensors, and often when images from different spectral
bands within the same sensor, are collected for geotechnical interpretation.

The experimental procedure involves degrading one of two digital images in adjacent spectral
bands to simulate a low-resolution image. New samples within the sparse, low-resolution image
are subsequently estimated using the spatial characteristics displayed in a variogram function and
an estimation process known as co-kriging or co-estimation. The resulting high-resolution estima-
tion image is compared with the original undegraded image as a check on estimation accuracy.
Reconstruction accuracy, as judged by mean square error (MSE), improved from MSE = 826 for
sample replication to 56 for co-kriging. .

For cases where geotechnical decisions rely on accurate knowledge of image amplitudes, this
research suggests that co-kriging provides an accurate and flexible estimation technique. More-
over, co-kriging appears to be a promising technique for future automated image interpretation
and feature extraction algorithms.

KEY WORDS: remote sensing, image processing, geostatistics, image registration

The purpose of this paper is to present the results of preliminary research using image spatial
statistics to improve the resolution of low-resolution images. Although advanced remote sensing
systems, multispectral sensors, and satellite and airborne geophysics have contributed to im-
proving the quality of geotechnical engineering practice, these same advances in data collection
have also brought about a crisis in geotechnical data management and interpretation. Available
to the geotechnical engineer today, for example, is a wide variety of valuable remote sensing and

.geophysical information. Use of this information, however, is restricted by fundamental limits
on the capacity of the human brain to understand and process information from multiple sets of
data. Experimental findings by Sagi and Julesz [/], for example, suggest that interpretation
(knowing or deciding “‘what”’ something is) of even a single, simple feature on a single image
requires time-consuming search by focal attention and serial processing. The brain uses parallel
processing only for searching a data set for the location of a known target. Hence, interpreting
even modest quantities of data can present an overwhelming task.
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Automated machine interpretation and computer-generated image understanding will even-
tually improve the speed and quality of human interpretation. However interpretation pro-
ceeds, whether solely by human efforts, or by some combination of computer and human exper-
tise, some fundamental preprocessing of digital data is needed to ensure that data sets gathered
by different sensors are registered, and that corresponding elements (pixel, or ground resolution
elements) on all digital images relate to approximately the same area on the ground. Registra-
tion is usually a two-stage process. First, images are “warped” to conform to some standard
image or base map. Second, new image elements are estimated to increase the effective resolu-
tion of sparse, lower-resolution data. In this paper we report on results of preliminary research
into the effectiveness of applying spatial-statistics estimation techniques (co-kriging) to improve
the resolution of sparse data sets (the second stage of image registration). The aim is to utilize
information contained in high-resolution data to estimate new image elements in a low-resolu-
tion image. Low-resolution data typically might include thermal or passive microwave bands in
satellite remote sensing systems, or generally low-resolution geophysical techniques such as
gravity.

Procedure

The purpose of the experiment is to test the efficacy of a sample estimation technique that

employs the tendency of neighboring data samples to be similar. The procedure is to select two.

high-resolution images from the same sensor in different, but adjacent, spectral bands. This
selection ensures that the two data sets are registered. One image serves as a control image to
guide the subsequent estimation; the second image is degraded using a low-pass filter. The
degraded image is then subsampled by vanmo_i:m. only intermittent elements and intermittent
lines. The resulting sparse image simulates a low spatial resolution image in which the value of
each element represents an average of the original neighboring elements (Fig. 1). The deleted
elements are subsequently reestimated using the high-resolution data in the control image to-

FIG. 1—Schematic representing the procedure for image degradation. Low-pass filtering n.i‘ﬁann‘a nine
neighboring samples and replaces the central term with the average. Subsampling removes all but the cen-
tral term in the window.
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