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Abstract. The objective of this work is to reduce the time consuming that spent in the coding of the remote sensing image. The
result shows a great improvement in the coding process with less processing time . Some efficiency tests are accomplished to prove
the effective of the proposed method in comparing to other methods.
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INTRODUCTION

Advanced image analysis takes a big requirement in the technology era. Thus, there is a great demand for improvement
of the compression techniques for both transmission speed and storage effectiveness. Fractal encoding methods adopt
a unique strategy to find the structures of image information by self-similarity measuring. Starting with Barnsley and
Sloan[1] with the initial perceiving of fractal image coding(FIC) based on iterated function system(IFS). Jacquin [2]
presented an approach of block coding through partition the image into domains and ranges. This methodology is con-
sidered the prop today for fractal image coding. Fisher [3] and various others have upgraded it. Several developments
have been achieved to enhance the speed of (FIC) with reasonable quality images. Qin et al [4] proposed a procedure
rely on quadtree partition to classify image sub-blocks at each level by their statistical attributes. The results showed
a slight improvement in compression ratio with higher image quality. Al-Saidi and Ali [5] developed an enhancement
method to the performance of FIC by block complexity using the generalization of box-counting fractal dimension.
Their result indicates that encoding time is improved with 30 percent comparing to Jacquin method. Al-Saidi and
Abdul-Wahed [6] proposed a classification scheme of remote sensing images based on some statistical approaches,
such as co-occurrence matrix and the principle of variogram function.

FRACTAL IMAGE CODING

The Fractal procedure for image coding attempts to determine a set of transformations that map domain blocks onto
a set of range blocks. The range blocks may be of uniform size, but more commonly, some type of adaptive variable
sizing is used. The procedure for FIC can be described as follows: letU (i, j) be the original image of size M × N to
be encoded. Assume that M = N = 2n, n ≥ 1:

(i) Let R = {2n × 2n |0 ≤ n ≤ 2(N−n )−1} be a partition of U into square blocks called rang blocks, thus
⋃

Ri= U
and Ri

⋂
Rj = ∅.

(ii) Let Dom =
{
2n+1 × 2n+1

∣∣∣ 0 ≤ m, n ≤ 2N−n − 1
}

refers to the partition ofU into square blocks (usually double
size of range blocks) called domain blocks.

(iii) Let α = { α1, α2, . . . , αn} refers to the scaling factors.
(iv) Let β = {β1, β2, . . . , βn} refers to the offsets.
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(v) Let π = {π1, π2, . . . , πn} refers to the permutation matrices of order22(n+1).

contrast scaling α multiplies the value of each pixel in the block by α with the resultant value up to the range [0, 255].
luminance shift byβ, where{−255 < β < 255}. This operation shifts the luminance of the block by adding β to every
pixel in the block. The resulting value for each pixel is limited to the range of [0 , 255]. The notation πi is used
as a permutation matrix that rotates the pixels in Domi in different positions.From isometries of the square, eight
permutation matrices are used. Therefore, R will be arrange as: (Domi, αi, βi, πi) ∈ ∏= D × α × β × π , produces an
image operator defined as:

αi(Domi) πi + βi, i = 1, 2, . . . , nR (1)

VARIOGRAM AND ITS FEATURES

Statistical prediction may be based on the set of quantities of the variables (v1,v2...vn) to represent n realizations of a
random variable v define on the set B ∈ Rn, where the variable act like a random variable [7]. The variogram is a two-
point statistical function that signifies the increasing variances or decreasing in the relationship among regionalized
variables, as the distance between them is increased. Variogram function formula is written as:

varm(h) =
∑N

i=1 (v (i, j) − v(i + h, j))2

2H(N)
(2)

where h the lag between pixel values, v (i, j) is the pixel at position(i, j), H(N) is the number of pixels separated by
a lag h. In variogram inquiry, the assumption of Spatial stationery is required in the remote sensing image; which
assumes that the parameters of the original pixels do not show a divergence with spatial position[8].
A variogram is characterized classically by three parameters, notably the Nugget effect, the Range and the Sill. The
Nugget effect describes the behavior of the function at the origin. The Range specifies the radius of influence of a
given variable. In the case of remote sensing images, this parameter is used to estimate the optimal resolutions of
features in the image. The Sill parameter reflects the complete presence of spatial structuration of values. Another
essential parameter deduced from the variogram is the fractal dimension. This parameter calculating the slope at the
origin of data. Once a variogram is obtained, the spatial structure can be quantified by taking a variogram model. Two
common models were used exponential and fractal model[9], shown in equation 3 and 4 respectively:

var (h) = c1(1 − e
−h
c2 ) (3)

var (h) ≈ h4−2FD (4)
where c1 is the sill value and c2 represent the range distance. The fractal dimension is computed as FD = 4 − t

2

, where t = log(v(h))
log(h)) that signify slope value.

THE PROPOSED APPROACH

Image-roughness estimation is related to texture analysis, as a traditional research issue in image processing. There
are several texture-analysis methods, which are commonly classified into statistical and structural categories [10]. The
proposed method in this paper is feature extraction, using variogram information for texture measures in the ground
of remote sensing. The coefficients were used as texture description for minimizing the time-consuming in FIC. the
new method uses multiple variogram as proposed in [10] that can be defined as:

varmulti(h) =
∑M

i=1 ‖ (v(z)(i, j) − v(z + h)(i, j)) ‖2
2H(M)

(5)

where z is the pixel value of a specific row or column. The Euclidean distance was used. The features were extracted
from the domain blocks in order to compare it with that in range blocks of the image. For each compressed domain
block, a feature vector can be performed through eight transportation, and a comparing process with the range blocks
by a special distance measure. Eq.(6) give the expression for the feature vector :

C(Domi|Ri)dir = [c1, c2, t, FD] (6)
where dir represent the direction of computing whether from rows or columns.The necessary steps and calculation of
the fractal image compression steps are showed in the Algorithm 1.
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Algorithm 1: Encoding algorithm based on multiple-point variogram features
Input: Array Image :U (i, j)
Output: Fractal Codes [i, j, πr, α, β]

1 DOMK (U (i, j)← SplitU (i, j) into domain blocks
2 for K ← 1 to 8 do
3 C(Domi)dir ← [c1,Domi , c2,Domi , tDomi , FDDomi ]
4 end
5 RN (U (i, j)← SplitU (i, j) into domain blocks
6 For each N do
7 C(Ri)dir ← [c1,Ri,, c2,Ri , tRi , FDRi ]

8 di ←
√∑4

i=1 C(Domi)dir,πr
− C(Ri)dir

9 M ← Min(di)
10 ψ← [i, j, πr, α, β]
11 end

RESULT AND ANALYSIS

To inspect the effectiveness of the multiple-point variogram algorithm, a simulation was accomplished on PC with the
Intel 2.5 GHs Cor i5,with 4 GB memory using Matlab. The database for remote sensing images was taken from UC
Merced Land Use database [11]. Each image has size 512x512 pixels with one foot distance, which extracted from
large images contain collection for various urban areas.The multiple-point variogram features were used to quantify
the dissimilarity or distance between blocks with a form of vector and a scalar computation of distances, by taking
the magnitude of all features.Each image is partitioned into non-overlapping 4x4 range blocks and overlapping 8x8
domain blocks.The performance of the new approach is compared to Jacquin approach in Table 1 in terms of the
average number of domain blocks that tested for each range block. The procedure took place by preparing the feature
vector for each domain block before comparing it with the range block. This step was led to reduce the encoding
time with more than half untested domains comparing with Jacquin approach . The PSNR values were also computed,
result slightly decreasing amount in decoding step. Furthermore, the proposed technique give the impression to be
pertinent in situations were some fast encoding are preferred over image quality.

TABLE 1. Performance evaluation of the proposed approach with Joaquin approach.

Average No. of domains
per range

Percentage of
blocks%

Encoding
time\Sec

Percentage of
encoding time % PSNR\db

Jacquin approach 18628 100 6024 100 35.853
The proposed approach 9982 53.58 1209 20.069 29.145

FIGURE 1. Encoding time vs. the number of blocks via Jacquin and the proposed approach.
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CONCLUSION

Remote sensing images contain enormous amount of data and reproduce the various nature of the physical phenomena
of spatial structures. In this paper, a new enhancement approach was proposed to compress remote sensing images by
fractal technique . Texture features that extracted from multiple-point variogram give a reasonable result over Jacquin
approach. The result showed a great reduction of five times in encoding time. This reduction caused by minimizing
the number of searched block for each range block to less than a half of Jacquin approach .
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