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Abstract—The lossy image compression method described in
this paper uses a graph-based approach to reduce the image
size. The presented method is based on the assumption that
any image may be decomposed into a structure and detailed
components. The detail part is compressed with a frequencybased scheme (transform coding used in JPEG and JPEG2000
for example) while the structure component is processed with a
grid smoothing assisted by a graph decimation technique. The
performance of the compression method is demonstrated on
few popular images.
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I.

INTRODUCTION

Digital images usually contain a large amount of data.
The facility to save, transmit and retrieve digital images
efficiently becomes more and more important in this cutting
edge technology. In today's world, where exchange of
images is part of our daily life, everyone has experienced the
benefit of reducing the size of a file containing images. The
existing image compression techniques reduce the number of
bits representing the image by exploiting the redundancies in
the original image while preserving the resolution and the
visual quality of the reconstructed image as close to the
original image as possible. The compression method can be
either lossy or lossless. The well-known lossy compression
methods make use of transform coding, vector quantization,
image compression by linear splines over adaptive
triangulation, fractals, or subband wavelet coding schemes
for removing psychovisual and statistical image
redundancies [5]. However, as the bit rate is decreased and
the compression ratio increased, each compression technique
introduces artifact, creating blocky, blurry, patchy or smudgy
images [5]. Most of these methods operate on pixels values
of the original image and only few methods operate on the
graph of the image to reduce its size.
The main idea of our compression technique is to capitalize
on the advantages of the pixel-based and graph-based
methods. The algorithm uses bilateral mesh filtering to split
the input image into structure and detail components. The
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structure component is the resulting filtered image which
contains the large scale features while the detailed
component corresponds to the residual image obtained by
subtracting the image structure from the input image. In
figure 1, it is shown that the grid smoothing is applied on
the filtered image I S in order to extract the non-uniform
grid reflecting the image structure. The structure of an
image I can be seen as a set of points in which the first two
coordinates represent the row x and the column

y determining the position x, y  of a pixel. The third
coordinate corresponds to the pixel value I x, y  at the

given position. The neighborhood of a pixel contains either
four or eight pixels. Four pixels create four connectivity
while eight pixels create eight connectivity. The set of
points and the connectivity associated to the image helps to
associate an image with a graph. The image is seen as a
collection of vertices or nodes where a vertex represents a
pixel. The edges are represented by the connectivity of the
neighborhood pixels. Uniformly distributed position
coordinates x, y  leads to a uniform mesh or uniform grid.
Meshes or graphs with non-uniformly distributed
coordinates (x, y) will be named non-uniform grids or
meshes. During the grid smoothing process, vertices are
moved from small variances regions to large variance
regions since the regions with small variance require fewer
points than the regions with large variance [9]. The output
of the grid smoothing contains a set of coordinates
combined together to form the non-uniform grid. Delaunay
triangulation is performed on the set of coordinate’s points
to generate triangular faces. The resulting triangular mesh is
decimated through mesh simplification process. The
simplification lies in eliminating elements of the mesh such
as vertices, edges and faces [4, 2]. The simplification
exploited is the mesh decimation [11]. The decimation
process removes vertices and faces from a mesh. Since we
are working on a triangular mesh, the mesh decimation will
reduce the number of triangles (faces) in the mesh without
losing the overall structure. The number of vertices of the
simplified mesh corresponds to number of pixels of the
compressed image. The reconstruction process is based on

mapping the color values associated to the each vertex of
the simplified mesh. In our case, we map the associated gray
level of each vertex (pixel) by interpolation since we are
working in gray scale.
The lines below of this paper will give more details
on the components used to implement our lossy image
compression algorithm. Section 2 gives the notion of
bilateral mesh filtering and grid smoothing in image
processing. Section 3 describes the use of mesh
simplification to reduce the size of an image. Section 4
illustrates the proposed lossy image compression method.
Section 5 shows the results. A conclusion is given in section
6.
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BILATERAL MESH FILTERING AND GRID SMOOTHING

A. Bilateral Mesh Filtering
Bilateral mesh filtering corresponds to a bilateral filter
implemented using graph-based approach. It imitates the
behavior of the classical bilateral and mesh filtering; whilst
presenting some properties of mesh smoothing [10]. The
graph used in the bilateral mesh filtering process consists of
a set of vertices that are correlated with the image pixels
values. The link between vertices is identified as edges
characterizing the relationship between pixels. This new
filtering is implemented via an energy function based on the
mesh smoothing model of Hamam and Couprie. The cost
function is developed as a graph and minimized. This
function is expressed as a sum of data fidelity and
smoothing terms based on the node-edge incidence [10].
The filter defines a weight based on the difference in
grayscale of the extremities of the connection and makes use
of an exponential law. It takes into account the luminance
proximity and computes the distance between the luminance
of two vertices z i and z j as in [10]:
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The optimal solution of the first order is given by:
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The optimal solution of the second order is given by
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The diagonal square matrix   diag w1 ,..., wL  of size
L  L (L: number of connections in the graph) has its
wl diagonal elements defined by:
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Where i is the sending end of the connection

Figure 1. Image Preprocessing
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II.

The objective function of the first order bilateral mesh filter
is defined as:

(5)

l and j is the

0

receiving end. z represents the initial grey level of
node  .

The model of the bilateral mesh filtering is defined from
equation (1) to (5). From these expressions, it is understood
that the performance of the new filter depends on the
parameters  and  which corresponds to  d and

 r respectively when compared the classical bilateral filter
[12].

(a)Original Image

(b)Image structure

(c)Image details

Figure 2. Result of Bilateral Mesh filtering

B. Grid Smoothing
The grid smoothing is a new graph-based technique
for image processing and analysis developed by Guillaume
Noel, Karim Djouani, and Yskandar Hamam. This
technique presents a general outline analogous to the mesh
smoothing in which a cost function is defined and
optimized. The method is interpreted as projection of the
grey levels of the input image onto the sampling grid; and
enhances the edges of the input image while preserving the
number of nodes. The Grid smoothing operates on the
theory where regions with small variance necessitate fewer
points than regions with a large variance. Points with small
variance regions are moved to large variance regions. The
grid smoothing method changes the coordinates of the
points in the grid to match the entities in the image. This
graph based technique is formulated as an optimization
problem defined in [9] as:

min
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J  X , Y  represents the cost function of
K
K
variables  X , Y   R  R .  X , Y  represents the
Where

coordinates of nodes in the mesh, and K represents the
number of pixels images.
(a)Image structure

(b)Grid smoothing

the edge. The contraction of the pairs is performed by
repositioning the two vertices to a new selected location.
The change in vertices location results in deletion of
vertices, while all the edges and faces connected to the
removed vertices are reconnected to the new vertex. This
process might degenerates few faces or edges which will be
removed from the mesh. The approximation produced by
the algorithm maintains high fidelity to the original mesh
[6]. The algorithm of Surface simplification using
quadratics error metrics of Garland and Heckbert is
implemented based on the norm stating that the validity of
the vertex pair v1 , v2 chosen for contraction focus on
either:
 v1 , v2 is an edge or







Figure 3. Grid smoothing of a portion of the image structure

III.

MESH SIMPLIFICATION TECHNIQUES

Mesh simplification consists of eliminating the
elements of a mesh (vertices, edges or faces) while
preserving the original shape and appearance [3]. Several
mesh simplification algorithms have been developed [2].
Most algorithms reduce the complexity of the mesh by
merging elements of the mesh, by resampling the vertices
[1, 2]. Depending on the desired output mesh, some
algorithms preserve the input mesh while others alter it
illogically [4].
One category of mesh simplification referred to as mesh
decimation simplifies meshes by removing vertices and
faces from a mesh [11]. The main idea is to reduce the
number of faces in the mesh by iterative vertex decimation,
edge collapse or contraction without losing the overall
structure. . Most faces are triangles. The iteration process is
terminated when the required percentage of reduction of the
mesh is reached or when some decimation criteria are
reached. Most mesh decimation approaches are based on
iterative edge collapse or edge contraction [8]. An edge
collapse is an operation that reduces an edge into a single
vertex. When this is done all edges and faces connected to
the removed vertices has to be reconnected to the new
vertex. Several theories have been developed on how to
efficiently collapse edges while preserving the original
topology and a good approximation to the original
geometry. Some techniques have been more complex than
others. The essential difference between these techniques
lies in how they choose an edge to contract.
One of the well-known techniques of mesh decimation
is the Surface Simplification Using quadratic error metrics
developed by Garland and Heckbert. The base operation of
their technique is the edge collapse where an edge is
reduced into a single vertex by merging the two vertices of





v1  v2  t , where t is a threshold parameter.

The choice of the contraction is based on the cost function
of contraction. The characteristic of the error at each vertex
helps to define the contraction cost. Garland and Heckbert
defined the error at a vertex
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Where

Q is a symmetric 4x4 matrix associated with each

vertex. A new matrix Q must be derived at each vertex pair
contraction to approximate the error at new vertex v . The
new matrix Q is defined as:
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The performance of decimation method developed by
Garland and Heckbert is similar to a MATLAB function
reducepatch. The operation of the function consists in
reducing the number of faces of the triangular mesh while
preserving the overall shape of the original mesh. For details
on the reducepatch function see MathWorks.com.
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PROPOSED COMPRESSION METHOD

The proposed lossy compression scheme concentrates on
the data reduction of the image structure using the grid
smoothing to extract the image structure graph. The vertices
of resulting image graph are rearranged using Delaunay
triangulation to create triangular faces. The resultant mesh
with triangular faces is decimated using a triangulated mesh
simplification technique. The resulting decimated mesh is
used to retrieve the vertices coordinates’ and convert the set
of coordinates to a matrix of pixels. The number of vertices
equals the number of pixels in the image.
The
reconstruction process is based on mapping the gray values
associated to the vertices of the decimated mesh into a set of
gray values associated to a uniform grid. Each vertex is
associated with a gray level indicating the color of the
vertex. The objective of the reconstruction is to allocate
gray levels to the pixels. The approach used for the
reconstruction is the triangle based interpolation of the gray
levels and the resampling of the interpolated surface.
V.
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Figure 5. Simulation results

VI.

CONCLUSION

The lossy image compression scheme presented in this
paper proposes a new graph-based approach to compress
images. It shows the efficiency of graph-based approach in
image compression. The reconstructed image displays a
good visual quality with a good peak signal to noise ratio
which makes this new technique an alternative lossy image
compression scheme. The developed method is centered on
image data reduction. A study has to be done on the
encoding of the reduced image data.
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