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Abstract —Algorithm of Ramer—-Douglas—Peucker for piecewise approximation was used for image compression. To
decrease an approximation error the algorithm was modified. The compression method was investigated for different
tolerances and steps in the algorithm application for pixel rows and columns..
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Anomauia — Peanizogano memoo CMUCHEHHA

300pasicenns 3 euxkopucmauuam anzopummy Pamepa-

Jyenaca-Ilekepa Kyckoeo-niniitnoi anpoxcumauii. /Ina 3menuieHHA nOXubOKU anpoxkcumauyii anzopumm
Mmoougikosano. Jlocniornceno xapakmepucmuku KOMRpecii ma mouyHOCmi AnpOKCUMOBAHUX 300pajiceHb 6
3a1exucHocmi 6i0 MOYHOCHI HAOIUNCEHHA MA KPOKY 3ACMOCY8AHHA A120PUMMY 00 Mampuyi nikceie.

Knrouoei cnosa ¢ 300pajrcennsn, anpoxcumayisn, KOOyeanHs, CMUCHEHHA, KYCKO80-IIHIHI hynKyii

INTRODUCTION

Popular algorithms of image encoding and
compression include: JPEG, which uses discrete cosine
transform and Huffman algorithm [1]; LZW, which
replaces the original set of bytes in file with reference
to a previous occurrence of the same set (GIF, TIFF
formats) [2] .

Compression is achieved by replacing the set of
pixel values using special functions: wavelets, fractals,
polynomials etc. Implementation of these functions
requires considerable computational costs. In this paper
a simplified approach is proposed, namely the
piecewise-linear approximation. This mathematical tool
is being constantly improved [5-7]. Some examples of
its application for cartography purposes are given in
[8,9].

APPROXIMATION OF BRIGHTNESS FUNCTIONS

To obtain image function by color intensity
colored image is converted to grayscale. Each of image
pixels can have values from the range 0-255, which
corresponds in color from black to white.

For piecewise-linear approximation of brightness
functions Ramer—Douglas—Peucker algorithm [3,4] was
taken as basic and developed its modification to reduce
the mean square error.

1) Ramer-Douglas—Peucker algorithm.

The essence of the algorithm is approximating
initial curve represented by the set of points

P(x;;y;) € P,i=1.n, with piecewise-linear function
represented with points P, (X;;y;) < P, ] =1.m,

m<n. The algorithm defines maximum distance
(tolerance) between the original and the approximating
functions. This distance must be less than preassigned
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maximum allowable tolerance, which determines
desired accuracy of the approximation.

The initial curve is an ordered set of points or lines
within &> 0. The process of the curve approximation
is shown in Fig. 1.
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Fig.1. Curve approximation by Ramer—Douglas—Peucker algorithm.

The algorithm recursively divides the line. Input
of the algorithm are the coordinates of all points
between the first and the last. The first and the last
points are kept unchanged. Then the algorithm finds the
point farthest from the line drawn through the first and
the last. If the point is located at distance less than ¢,
then all the points that have not yet been signed for
storing may be removed from the set and received line
will smooth curve with an accuracy not less than ¢ .

If the distance is more than ¢, then the algorithm
recursively calls itself on the set of points from first to
the current and from the current to the endpoint (which
means that current point will be signed for storing).

After all the recursive calls output polygon is
based only on those points that were signed for storing.

The results of the brightness function
approximation using Ramer—Douglas—Peucker
algorithm for the test image for different values of the
maximum allowable deviation (tolerance) are presented
on Fig. 2.
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Fig.2. Brightness function approximation by Ramer—Douglas—
Peucker algorithm for tolerance = 0,075

2) Modified Ramer—-Douglas—-Peucker
algorithm for mean square error minimization.

This method uses original Ramer—Douglas—
Peucker algorithm, which results in obtaining
approximating piecewise-linear function for the initial
y= f(x), presented by n points, where xeX,

yeY eloa]. Approximating function can be

represented as:
kKx+b, 1<Sx<X

KX +b,, X <x<Xx;

Ya= ,where y, Y, X%, %% €X. (1)

KpX +Db,, X <x<X,
The method consists in finding such Ay, which
gives:

i=1

\/i[(yA Ay -y,
MSE =

— min - 2

n

To do this, the MSE to Ay dependency graph is

built (Fig. 3). Iteratively increasing Ay from 0 to 1

algorithm looks for minimum MSE. It allows to

achieve better image quality, especially with high

values of preassigned maximum allowable deviation &
(tolerance).
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Fig.3. Mean square error as function
of offset along Y axis.

The results of using the algorithm for brightness
function approximation for the test image for the
maximum allowable deviation (tolerance) are presented
in Fig. 4.

Function approximation
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Fig.4. Brightness function approximation by modified Ramer—

Douglas—Peucker algorithm (t=0,075)
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COMPRESSION RESULTS

Comparison of the  Ramer—Douglas—Peucker
algorithm results for different values of the maximum
allowable deviation (tolerance) is presented in Table 1.

Table 1. Image compression by piecewise linear
approximation

tolerance
0,128 0,1 0,08
“Lena”
(256x256) )
.
4 . “‘
(MSE), % 4,43 3,32 2,65
Compression
ratio 7,28 5,39 4,25
Time s 0,66 0,705 0,735
So, the table 1 demonstrates decreasing

compression ratio and MSE according to the decreasing
tolerance value. The compression ratio is calculated by
a reference on original image size that is a number of
an image pixels. We can not compare these results
with jpeg algorithm, because the last one is very
complicated and consists of at least three powerful
components; discrete cosine transformation, special
type of matrix scanning and the Huffman algorithm for
file compression. The piecewise linear approximation
has the same principles as the DCT algorithm. The last
one neglects high frequencies by ignoring the DCT
matrix coefficients. Our approximation does it when
some impulse curves are changed by lines. We can see
an example on fig. 5.
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Fig. 5. High frequencies ignoring
by piecewise linear approximation

The proposed algorithm was analyzed by
compression of the “la” face image. For one tolerance
value t=0,054 three compression experiments were
held: one, two and three columns approximation by
piecewise linear functions. As input image the original
“la” face and its pixel matrix were taken. In three cases
the compression ratio was 6,08, 12, 6 ta 17,1. The
compressed  images  were  characterized by
corresponding MSE from original image : 1,83, 2,14,
2,33. Then the compressed images were saved by jpeg-

format. As we can see from Table 2 sizes of files are
close to the original image and between them. Also we
can see that sizes of the coding arrays for two last
compressed images (by 2 and 3 columns) are smaller
than size of the jpeg file of the original image. So, here
we see possibility to improve a compression ratio by
compressing a coding array itself.
Table2.Image compression by different steps of
piecewise linear approximation

Number of columns (step
1 2 3
‘41a5’
(260
X
360)
0,
(MSE), % 1,83 2,14 2,33
Compression
ratio 6,08 12,6 17,1
Time, s 0,39 0,24 0,18
Coding
array (b) 15383 7422 5472
jpeg file | 9291 9147 8608 8856
CONCLUSION

Thus, two methods of images encoding — based on
original and modified Ramer-Douglas-Peucker
algorithms intended to reduce mean square error of

compressed image — allow to achieve image
compression indicators comparable with other
approaches.
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