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Abstract

Grid computing seeks to aggregate computing resources within an enterprise
and leverage on resources you don t own for compute-intensive applications.
Geo-rectification is a process for correcting spatial location and orientation of a
satellite image. This paper focuses on the parallelization of the compute-
intensive satellite image geo-rectification problem on a cluster grid. We discuss
our approach to data and task partitioning, visualization technique and the
archival of data. The computational tasks include wrapping satellite positional
data to compensate the earth curvature, and consist of several steps such as
image re-sampling, resolution conversion and image matching. Experimental
results obtained using commodity PCs are discussed.

1. Introduction

Grid computing [11, 13] seeks to efficiently coordinate the sharing of geographically
distributed computing resources, thereby bringing supercomputing power to its users.
Unlike cluster computing [4, 5, 26] that is more constrained to computation on a local
area networked of processors, grid computing enables applications to utilize resources
that are spread across wide area networks. Globus [12] is a grid computing toolkit for the
deployment of grid applications and systems. Nimrod/G [1, 3] is a resource management
system for scheduling of grid applications built on top of Globus. Other grid systems such
as Condor [24] and its Globus enabled variant, Condor/G [14], enable the harnessing of
idle cycles. Grid-solvers have also been developed on these systems. In [15, 18], a web-
based problem solving environment is introduced to simplify the submission, monitoring
and steering of Master-Worker [17] based grid computing applications. In [7],
architecture for matching grid application requirements to a set of heterogeneous grid
resources is proposed. Our grid middleware, called ALICE (Adaptive and scalable
Internet-based Computing Engine), is a portable software technology for developing and
deploying general-purpose grid applications and systems. ALICE aggregates and
virtualises computer resources on the Internet/intranet into one computing environment
through a platform-independent consumer-producer resource-sharing model, and



harnesses idle resources for computation to increase the usable power of existing systems
on the network.

Grid computing can be exploited for computationally intensive tasks such as protein
folding, production simulation, operation research, climate modeling, etc. This paper
discusses the application of grid computing in satellite remote sensing [6], specifically the
geo-rectification of earth images. Geo-rectification is the correction of skew caused by
the earth’s curvature in raw satellite images. It establishes the image in the correct spatial
location and orientation. Geo-rectification represents the projective transformation of a
tilted photograph (model) to an output print assumed to be tilt free (assumes the
correction is orthogonal to the surface, or a vertically corrected model). Pixels are
relocated onto a new grid by extrapolating their true location from a source map or
corrected image in which the new plane will represent a map projection system with a
defined array of coordinates [25]. Figure 1 illustrates the geo-rectification process. A
satellite image must be geo-rectified before it can be used in various geographic and
scientific applications [22].

Origina Image Image after Geo-rectification

Figure 1. Geo-rectification of Satellite Image

Several projects have attempted to speed up remote sensing processes using parallel and
distributed computing techniques. An ATM based wide area network is used in [18, 19]
and a Beowulf cluster [27] is used in [30]. The challenge of using grid computing
techniques for geo-rectification of satellite image data includes the partitioning of tasks
and data, visualization methods for displaying of results and the final archival of data on
secure storage. Partitioning of tasks and data is crucial since grid resources are usually
heterogeneous in nature.

The rest of the paper isasfollows. In section 2, we introduce ALiCE, our prototype Java-
based grid computing system. In section 3, we discuss the geo-rectification process.
Section 4 describes the distributed geo-rectification method on a grid computing system.
In section 5 we present an analysis of the experiments conducted, and section 6 contains
the concluding remarks.



