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New MPEG-7 Scalable Color Descriptor Based on
Polar Coordinates for Multispectral Earth
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Abstract— Continuously expanding high-resolution and very
high resolution multispectral image collections, provided by
remote sensing satellites, require specific methods and techniques
for data analysis and understanding. Even though there are
several patch-based approaches for image classification and
indexing, none of them are integrated within a standard. Having
the goal to develop an MPEG-7 compliant descriptor for patch-
based multispectral earth observation image classification and
indexing, we propose a new feature extraction method able to
extract maximum information from all the available spectral
bands that Sentinel 2, the last generation of remote sensing
satellites, provides. Using the polar coordinate transformation of
the reflectance values, we obtain illumination invariant features,
which can be used along with the scalable color descriptor present
in MPEG-7 standard. Also, our method proves to enhance land
cover classification of the areas affected by clouds and their shad-
ows and provide similar classification results compared with the
homogeneous texture descriptor (HTD), spectral histogram (SH),
concatenated HTD with SH features, spectral indices (SIs), and
bag-of-words-based descriptors, such as bag-of-SIs and bag-of-
spectral-values on cloud-free areas.

Index Terms— Feature extraction (FE), land cover classifica-
tion, MPEG-7, polar coordinates, scalable color descriptor (SCD).

I. INTRODUCTION

DUE to large earth observation (EO) image data collec-
tions, many applications for satellite image classification

and indexing have emerged. No matter the scope of these
applications, the main processing steps rely on FE, feature
selection, and feature classification (FC).

Inspired from multimedia image processing, most of the
available FE and FC algorithms for EO image analysis and
understanding are specialized in detecting specific image
properties such as texture, color, and shape. Despite the
diversity of proposed methodologies for remote sensing image
classification and indexing, there is no general approach that
can be used independently on the input data.
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Many authors have developed FE methods sensitive to the
spatial dependency of the pixels that can be used in image
interpretation, segmentation, classification, and change detec-
tion applications. Some of these texture analysis techniques
used in EO image analysis are based on gray-level cooc-
currence matrix [1], wavelet transforms [2], Gauss–Markov
random fields [3], and Gabor filtering [4]. Other methods
rely on statistical text modeling approaches, such as the
author–topic model [5] and author–genre–topic model [6],
in which a latent Dirichlet allocation is involved.

In other scenarios, a closer look to the spectral components
of the analyzed image should be taken into account. Thus,
new methods for EO image data analysis based on spectral
values [7], spectral indices (SIs) [8], spectral angles [9],
spectral histograms (SHs) [10], and color moments [11]
have emerged. These image features rely on the pure spec-
tral information of the analyzed data, are easy to com-
pute, and can be used in a wide range of remote sensing
applications for scene-classification- and content-based image
retrieval.

For EO data analysis, especially for multispectral images,
a good FE method is not enough. Due to the high radiometric
resolutions of the last-generation satellite sensors, classical
distance metrics used in the classification process may not
return the desired results. Thus, in [12], it is explained how the
Euclidean distance, including transformed and weighted forms
such as Mahalanobis and likelihood distances, is inherently
insensitive to the shapes of the spectral pattern and that
the cosine of the angle θ (spectral angle) provides a better
definition of “similarity” due to its invariant nature to the
linearly scaled variations.

In the context of angular metrics space, it is advisable
to use polar coordinates instead of rectangular coordinates
space. This approach can be helpful if we desire to obtain
illumination invariant features.

In the MPEG-7 standard, also known as the multimedia
content description interface, is described a suite of image
descriptors for multimedia image processing [13] that has great
potential in EO image analysis and understanding. Despite
multimedia images, when dealing with EO data, the objects are
represented using several spectral bands that equally influence
the classification process. In order to compute MPEG-7 image
descriptors on multispectral images, we need to apply a feature
space transformation. Relying on [14], we convert the radiance
values of each spectral band into polar coordinates equivalent,
obtaining this way an illumination invariant feature space that
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Fig. 1. MPEG-7 color and texture descriptors.

can be used in the MPEG-7 scalable color descriptor (SCD)
computation.

We propose an illumination invariant descriptor based on
polar coordinate transformation of the spectral values. The
polar feature space we create will provide the necessary
support to compute in a high-dimensional spectral space the
SCD described in the MPEG-7 standard.

Being motivated to adapt multimedia descriptors of the
MPEG-7 standard to handle multispectral EO images,
we assessed our polar-coordinates-based SCD (pSCD) for the
EO land cover classification case. In order to provide relevant
results, the suggested method is tested on different scenes
acquired from the recently released Sentinel-2 satellite. Similar
outcomes can be obtained with other multispectral satellite
image data. Also the results are compared with other image
descriptors such as the homogeneous texture descriptor (HTD),
weber local descriptor, SH, SIs, and BoW-based descriptors,
such as bag-of-SIs (BSI), and bag-of-spectral-values (BSV).

Section II presents the MPEG-7 standard descriptors and
details the logic to perform the polar coordinate image trans-
formation and integration with the SCD. The performance
assessment of the proposed descriptor in various situations is
presented in Section III, and Section IV is reserved for the
main observations regarding the proposed pSCD FE method.

II. EARTH OBSERVATION IMAGE UNDERSTANDING

USING MPEG-7

It is known that the MPEG-7 standard, formally named the
“multimedia content description interface,” aims to provide
methods and techniques of describing the multimedia content
data and should support a high degree of interpretation of the
information meaning in order to be accessed by a device or a
computer code [13]. Although it was designed to support a
wide range of multimedia applications, for both audio and
visual data, this standard faces a great challenge when applied
to remote sensing imagery.

In MPEG-7, the color descriptors provided are optimized
for multimedia image processing and are usually applied on a
perceptual color space and consist of a number of histogram
descriptors, a dominant color descriptor, and a color layout
descriptor [15]. On the other hand, the texture descriptors
proposed in the standard, the texture browsing descriptor, HTD
and local edge histogram descriptor, follow attributes such as
directionality, regularity, coarseness, and homogeneity [15].

As shown in Fig. 1, MPEG-7 visual descriptors are designed
to handle color and monochrome images. In the case of EO

Fig. 2. (Left) Angular versus Euclidean distance in feature space.
(Right) Polar versus Cartesian representation of R-G-B feature space.

image information mining, where more than three spectral
bands are involved, the default configuration of the standard
MPEG-7 descriptors could not be used. Our interest is focused
on the visual descriptors provided by the MPEG-7 standard,
for both texture and color understanding and analysis, being
highly motivated to adjust descriptors provided in this standard
for multispectral EO data analysis and understanding.

In quest of adapting MPEG-7 descriptors to handle multi-
spectral EO images, we propose a polar coordinate transforma-
tion of the color space instead of using the HSV color space.
This will enable us to consider the full spectral resolution
available in the EO data sets and obtain an illumination
invariant image descriptor.

A. Polar Coordinate Image Transformation

Most of the techniques used in the multispectral image
analysis and understanding are based on identifying the gen-
eral characteristics of the pixels or image patches being
analyzed. One of the conventional ways of representing mul-
tispectral data is to plot the image features in a multispectral
vector space with as many dimensions as there are spectral
components [14]. Considering the multispectral features space
as a reference system, Okamura et al. [14] introduce an
improved multispectral image analysis using polar coordinates.

The approach presented in [12] relies on the spectral
angular distance for measuring distances in feature space and
computing multispectral image classification and clustering.
The angular distance is proved invariant to linearly scaled
variations of the image features. If two spectral signatures
defined by the feature vectors V1 and V2 are considered,
the spectral distance (Euclidean distance) can be expressed
using (1) and can represent the length of the segment
d = V1V2 that connects the end points of the two vectors,
while in the case of spectral angular distance, (1) is given
by the angle θ between the two vectors as can be observed
in Fig. 2

d =
√

(r2 − r1)2 + (g2 − g1)2 + (b2 − b1)2 (1)

θ = arccos
−→
V1· −→V2

‖−→V1‖· ‖−→V2‖
. (2)

Using the polar coordinate transformation of the image
features (see the right of Fig. 2), Okamura et al. [14] have
succeeded to obtain an illumination invariant descriptor. This is
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proved to be of high importance when classifying regions
with powerful shadow and cloud coverages, a common phe-
nomenon in multispectral EO images. Thus, the use of polar
coordinate transformation will place patches of the same class
that have different illuminations in the same sectors defined
by the distance ρ and the spectral angles θ .

In our approach, we convert the radiances values of each
spectral band from the multispectral image into polar coor-
dinates and characterize the image through a distance ρ and
N − 1 angles θ as presented in the following equations:

ρ =
√

x2
N + x2

N−1 + · · · + x2
2 + x2

1 (3)

θ1 = arctan

√
x2

N + x2
N−1 + · · · + x2

2

x1
(4)

θ2 = arctan

√
x2

N + x2
N−1 + · · · + x2

3

x2
(5)

· · ·

θN−2 = arctan

√
x2

N + x2
N−1

xN−2
(6)

θN−1 = 2 arctan
xN

xN−1 +
√

x2
N + x2

N−1

(7)

where N represents the number of the spectral bands present
in the multispectral image, while the terms x1, x2, . . . , xN are
referring to the radiance values of the band i , where i = 1..N .

Using the conversion of the radiance values into polar
coordinates, we aim to create a synthetic multispectral space
that can be used in the SCD computation, as presented in the
MPEG-7 standard.

B. Scalable Color Descriptor From Polar Coordinates

When dealing with multispectral images, with more than
three spectral bands, the computation of HSV space is
impossible. In order to compute SCD for multispectral images,
we propose the polar coordinate transformation to obtain an
HSV compliant color space on which we can extract SCD
as presented in the MPEG-7 standard. As described in [15],
we consider a uniform quantization of the polar coordinate
color space to 256 bins. Furthermore, the Haar transform is
applied.

Using polar coordinate transformation instead of HSV color
space, we obtain an illumination invariant descriptor that can
use full spectral resolution of the analyzed image. Also, our
approach is aiming to create a new FE method that can be
integrated within a standard. The proposed method can be
computed on any type of multispectral remote sensing image.

III. EVALUATION AND DISCUSSION

A. Experimental Setup

To demonstrate our pSCD, we used scenes from Sentinel-2
multispectral sensor acquired at different moments of time.
The footprint of the analyzed images is over two different
regions of Romania. Also, the evaluated scenes have different
cloud coverage in order to assess how pSCD is handling in

TABLE I

FE AND FC SPEEDS WITH ASSOCIATED ACCURACIES

Fig. 3. Sentinel-2 scene and associated manual annotation.

various situations. One of the tested scenes shown in Fig. 3
was acquired on December 23, 2015, covering a surface
of 2500 km2 over Bucharest, Romania, while the other was
acquired on December 1, 2015, having a surface of 6400 km2

with a cloud coverage of approximatively 39%, as can be seen
in Fig. 6.

In this letter, we propose a new MPEG-7 based descriptor,
which is proved faster than classical descriptors such as
HTD, SH, HTD_H, SI, BSI, and BSV descriptors and has
comparable speeds to the FE methods based on SIs. Also,
the classification speed of this new descriptor is higher because
of the short feature vector obtained from Haar histograms.

The results of speed benchmarking for both FE and FC are
presented in Table I and prove the computational performances
of pSCD in contrast with those of other FE methods for
multispectral EO image analysis presented in [17]. The values
obtained for FE and FC assessment illustrated in Table I
are computed for 1000 patches of 25×25 pixels each, with
13 spectral bands at a 10-m spatial resolution. The system
architecture used in the processing has 16 GB of RAM and
an eight-core 3.4-GHz CPU.

Using all of the 13 spectral bands, resampled at a 10-m
resolution, we also evaluated the potential of pSCD features to
classify the land cover of a small Sentinel-2 image, presented
in the left of Fig. 3. For our assessment, we considered a
few generic classes such as Agriculture-HighVegetation (C1),
Agriculture-LowVegetation (C2), Forests (C3), Urban (C4),
and Water (C5), which can be observed in Fig. 4. For the
assessment we performed, the patches have 25×25 pixels in
order to cover the relevant microtextures and color information
present in all of the 13 spectral bands.

In the frame of qualitative and quantitative evaluation,
we carefully created a manual annotation of the observed
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TABLE II

k-NN AND SVM CLASSIFICATION ACCURACIES
FOR SMALL SENTINEL-2 SCENE

Fig. 4. Sentinel-2 database of thematic classes.

TABLE III

PRECISION–RECALL FOR SVM AND k-NN CLASSIFICATION

OF THE MODIFIED MPEG-7 SCD

Fig. 5. k-NN versus SVM classification of pSCD image features.

scene, having into account all the spectral bands available.
We used the manual annotation, present on the right of Fig. 3,
to generate the confusion matrices for our classifications.
In Table II, we present the mean accuracies of support vector
machine (SVM) and k-nearest neighbors (k-NN) classifica-
tions of HTD, SH, HTD_H, SI, BSI, BSV, and pSCV features
extracted from the scene illustrated in Fig. 3.

In Table III and Fig. 5, we present the detailed SVM and
k-NN classification results of pSCD features computed for
the Sentinel-2 scene illustrated in Fig. 3. Even though the
results obtained for the pSCD descriptor are comparable to
those obtained for other state-of-the-art descriptors, as shown
in Tables I and II, we propose a method that can be integrated
within the MPEG-7 standard without losing accuracy or com-
putation speed. Taking into account what is stated in [18],
we perform the quality and quantity assessment on a small
region and then extrapolate for a larger surface where no
ground truth is available.

Fig. 6. R-G-B bands of Sentinel-2 scene affected by clouds and shadows.

Fig. 7. Scene classification using SVM on pSCD features.

Fig. 8. Scene classification using k-NN on pSCD features.

In the second experiment, we performed pSCD FE on
all 13 spectral bands of the Sentinel-2 image having almost
39% cloud coverage in order to prove the capabilities of the
proposed descriptor to characterize the land cover classes. The
analyzed scene can be observed in Fig. 6, while the qualitative
results of classification with SVM and k-NN of the cloud-
affected scene can be seen in Figs. 7 and 8.

The assessment we performed relies on supervised classi-
fication with k-NN that have k = 10 neighbors and SVMs,
with a radial basis function kernel with γ = 3.0518 × 10−4

and the regression parameter C = 5. The parameters of the
k-NN and SVM classifiers were chosen empirically in order
to obtain best results for different remote sensing image types.

In the case of first scene shown in Fig. 3, we used 20 patch
samples per class, which represent 0.0025% from the total
of input image patches, while in the second scenario, for
the image with cloud coverage presented in Fig. 6, we used
100 patch samples per class, representing almost 0.005% of
the total patches in the scene.

B. Land Cover Classification of Cloud-Affected Areas

Having the purpose to extend the MPEG-7 standard for
multispectral EO image analysis applications, we proposed
to compute a polar coordinate transformation of the spectral
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Fig. 9. Cloud-covered scene analysis. (a) Cloud free R-G-B bands, (b) Cloud
affected R-G-B bands, (c) Ir-G-B bands, (d) pSCD transformation of Ir-G-B
bands, (e) SVM classification with HTD, and (f) with pSCD.

values and then to compute the modified SCD. Doing so,
we obtained an MPEG-7 compliant multispectral descriptor,
which can perform faster than state-of-the-art FE methods
and have comparable performances. Also, the descriptor we
propose is proved to obtain good classification results even
for images with dense cloud coverages and shadows.

The land cover classification for the cloud-affected scene
presented in Fig. 6 is proved to provide better results when
using pSCD features rather than HTD. A closer look of the
cloud coverage can be observed in Fig. 9(a)–(d), where a
comparison between different views is shown: no clouds in
R-G-B bands [Fig. 9(a)], clouds in R-G-B bands [Fig. 9(b)],
Ir-G-B bands [Fig. 9(c)], and polar coordinate transformation
of the Ir-G-B bands [Fig. 9(d)].

Furthermore, in Fig. 9(e) and (f), the enhancement of SVM
classification using pSCD [Fig. 9(f)] over HTD [Fig. 9(e)] can
be observed.

IV. CONCLUSION

In this letter, a new MPEG-7 compliant descriptor for
multispectral EO image analysis is presented. We modified
the SCD present in the MPEG-7 standard to compute a polar
coordinate transformation of the spectral values in order to
capture the full spectral information using all the spectral
bands available.

The descriptor we propose is faster than classical state-of-
the-art descriptors and provides similar results for land cover
classification. Also, the pSCD FE method can prove itself very
useful in the case of multispectral images that have clouds and
shadows, the descriptor being able to perform classification of

the terrain beneath the clouds and cloud shadows, due to its
illumination invariant properties.

Our assessment is made using a patch-based approach that
encapsulates the microtextures needed in the classification
process. The patch size is chosen to cover continuous elements
with a uniform distribution of each class.

The quality and quantity evaluation is made using confusion
matrices computed on a manual annotation data set and each
classification result. The database used in the quality and
quantity evaluation was created to assess the extracted features,
not the classification results.
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