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Abstract The effects of spatial resolution on the accuracy of mapping land use/cover types have

received increasing attention as a large number of multi-scale earth observation data become avail-

able. Although many methods of semi automated image classification of remotely sensed data have

been established for improving the accuracy of land use/cover classification during the past

40 years, most of them were employed in single-resolution image classification, which led to unsat-

isfactory results. In this paper, we propose a multi-resolution fast adaptive content-based retrieval

system of satellite images. Through our proposed system, we apply a Super Resolution technique

for the Landsat-TM images to have a high resolution dataset. The human–computer interactive sys-

tem is based on modified radial basis function for retrieval of satellite database images. We apply

the backpropagation supervised artificial neural network classifier for both the multi and single res-

olution datasets. The results show significant improved land use/cover classification accuracy for

the multi-resolution approach compared with those from single-resolution approach.
� 2012 Faculty of Computers and Information, Cairo University.
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1. Introduction

One of the fundamental characteristics of a remotely sensed

image is its spatial (x–y domain) resolution; as the basic infor-

mation contained in the image is strongly dependent on spatial
resolution [1]. Improper choice of different spatial resolution
can lead to misleading interpretation, e.g. in a Landsat Multi-

Spectral Scanner image, the urban residential environment is
sensed as a relatively homogeneous entity. However, when ob-
served at finer resolution, the residential area is mostly made of
individual houses, roads and plants. With the development of

new remote sensing systems, very-high spatial resolution
images provide a set of continuous samples of the earth surface
from local, to regional scales. The spatial resolution of various

satellite sensors ranges from 0.5 to 25,000 m now. Further-
more, high resolution airborne data acquisition technology
has developed rapidly in recent years. As an increasing number

of high resolution data sets become available, there is an
increasing need for more efficient approaches to store, process,
and analyze these data sets. The development of efficient anal-
ysis methods of using these multiscale data to improve land

E-mail address: alaahouse@yahoo.com

1110-8665 � 2012 Faculty of Computers and Information, Cairo

University. Production and hosting by Elsevier B.V. All rights

reserved.

Peer review under responsibility of Faculty of Computers and

Information, Cairo University.

doi:10.1016/j.eij.2012.01.002

Production and hosting by Elsevier

Egyptian Informatics Journal (2012) 13, 1–8

Cairo University

Egyptian Informatics Journal

www.elsevier.com/locate/eij
www.sciencedirect.com

mailto:alaahouse@yahoo.com
http://dx.doi.org/10.1016/j.eij.2012.01.002
http://dx.doi.org/10.1016/j.eij.2012.01.002
http://www.sciencedirect.com/science/journal/11108665


use/cover mapping and linking thematic maps generated from

high resolution to coarse resolution has become a challenge
[2,3]. Several techniques have been employed to assess appro-
priate (or optimal) spatial resolutions. Although a particular
classification can achieve the best result from a single resolu-

tion appropriate to the class, there is no single resolution which
would give the best results from all classes [4]. Landscape ob-
jects (e.g. land cover/use polygons) are not the same size and

vary in different structures. Some objects are better classified
at finer resolutions while others require coarser resolutions.
Therefore, as suggested by Ref. [1], various objects require dif-

ferent analysis scales according to the image scene model.
Scene models may be either high (H) resolution with pixels
smaller than objects, or low (L) resolution with pixels larger

than objects to be mapped. From a practical standpoint, build-
ing a framework to represent, analyze and classify images rep-
resented by multiple resolutions is necessary in order to
capture unique information about mapped classes that vary

as a function of scale. Many previous studies show the impor-
tance of developing and evaluating spatial analytic methods
and models to support multiscale databases [5–7].

The objective of this paper is to build a high accuracy con-
tent-based retrieval system of satellite images based on multi-
scale dataset. The used human–computer interactive system

is based on relevance feedback. A large database of remotely
sensed data has been used, which consists of 300 Landsat-7
TM satellite images scenes that cover different areas in Egypt
and show land use/land cover [8]. By applying the Super Res-

olution (SR) techniques on this low-resolution Landsat TM
dataset, a new high-resolution dataset has been restored. An
improvement of the system accuracy has been achieved by

applying the backpropagation supervised artificial neural net-
work classifier for both the low and high resolution datasets.

In the next section we will give a brief description of the SR

restoration technique used for creating the high resolution
dataset. The proposed system will be presented in Section 3.
In Section 4 we will demonstrate the used material and method-

ology. The classification results are shown in Section 5, and
finally discussion and conclusions are given in Sections 6 and 7.

2. High resolution dataset

In general, multi-resolution images can be created in two ways:
(1) by integrating different resolution images acquired by dif-

ferent sensors; and (2) aggregating fine resolution images into
different coarse resolution levels (i.e., image pyramids).
Obtaining images of different resolutions from different sen-

sors could have advantage of including more spectral informa-
tion that can be used to identify different objects, but is
expensive. The miss-registration between different images also

would increase the processing cost and reduce classification
accuracy. It is more efficient to extract spatial information
over a range of resolutions from a single high resolution image.

We will use in this paper, only two resolution levels data-
sets. First one is the low resolution Landsat-7 TM satellite
images of different regions of Egypt, acquired on 6 May
1998, and 21 June 2001. Then we construct the second one

(high resolution) by applying a SR technique on this dataset.
Super Resolution are techniques that in some way enhance

the resolution of an imaging system. These SR-techniques

break the diffraction-limit of the digital imaging sensor. There

are both single-frame and multiple-frame variants of SR,

where multiple-frame are the most useful. The basic idea be-
hind Super-Resolution is the fusion of a sequence of low-reso-
lution noisy blurred images to produce a higher resolution
image or sequence. The information that was gained in the

SR-image was embedded in the LR images in the form of ali-
asing. That is, LR images are sub-sampled (aliased) as well as
shifted with sub-pixel precision. If the LR images are shifted

by integer units, then each image contains the same informa-
tion, and thus there is no new information that can be used
to reconstruct an HR image. If the LR images have different

sub-pixel shifts from each other and if aliasing is present, how-
ever, then each image cannot be obtained from the others. In
this case, the new information contained in each LR image

can be exploited to obtain an HR image.
Generally to obtain different looks at the same scene, some

relative scene motions must exist from frame to frame via multi-
ple scenes or video sequences. Multiple scenes can be obtained

from one camera with several captures or from multiple cam-
eras located in different positions. These scene motions can
occur due to the controlled motions in imaging systems, e.g.,

images acquired from orbiting satellites. The same is true of
uncontrolled motions, e.g., movement of local objects or vibrat-
ing imaging systems. If these scene motions are known or can be

estimated within sub-pixel accuracy, and if we combine these
LR images, SR image reconstruction is possible [9,10].

The first step to comprehensively analyze the SR image
reconstruction problem is to formulate an observation model

that relates the original HR image to the observed LR images
as follows

yk ¼ DBkMkXþ nk for 1 6 k 6 z ð1Þ

where X is the desired HR image and yk are the z LR images,

Mk is a warp matrix of size L1N1L2N2 · L1N1L2N2, Bk repre-
sents a L1N1L2N2 · L1N1L2N2 blur matrix, D is a (N1N2)

2 ·
L1N1L2N2 subsampling matrix, and nk represents a lexico-

graphically ordered noise vector.
Most of the SR image reconstruction methods proposed in

the literature consists of the three stages illustrated in Fig. 1:

registration, interpolation, and restoration (i.e., inverse proce-
dure). These steps can be implemented separately or simulta-
neously according to the reconstruction methods adopted.
The estimation of motion information is referred to as registra-

tion, and it is extensively studied in various fields of image pro-
cessing. In the registration stage, the relative shifts between LR
images compared to the reference LR image are estimated with

fractional pixel accuracy. Obviously, accurate subpixel motion
estimation is a very important factor in the success of the SR
image reconstruction algorithm. Since the shifts between LR

images are arbitrary, the registered HR image will not always
match up to a uniformly spaced HR grid. Thus, nonuniform
interpolation is necessary to obtain a uniformly spaced HR im-

age from a nonuniformly spaced composite of LR images. Fi-
nally, image restoration is applied to the upsampled image to
remove blurring and noise.

Using the nonuniform interpolation SR approach, which is

the most intuitive method for SR image reconstruction [11,12],
the low-resolution observation image sequence is registered,
resulting in a composite image composed of samples on a non-

uniformly spaced sampling grid. These non-uniformly spaced
sample points are interpolated and re-sampled on the high-
resolution sampling grid (see Fig. 2). Applying this relatively
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