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a Abstract )

This paper treats of compression of digital video
signals and the main aim is to probe the possibility of
using several discrete transforms besides well-known
discrete cosine transform (DCT). Mathematical
descriptions of these transforms are presented in the
article. DCT and other orthogonal transforms are
described here. Matrix notation of computation of two-
dimensional transform is also presented. The
comparison of the results obtained by application of the
transforms on pictures is introduced. A Normalised
Root Mean Square Error is defined for mathematical
comparison of results. The aim of the work is to probe
applicability of the transforms introduced above for
video compression in good quality and the best
compression ratio.
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1. Introduction

The transmission of video signals in digital form is not
possible without using compression techniques because the
resultant bit flow of non-compressed signal would be too
high.

They are used many methods of the compression but
the most used ways are transformation methods using the
discrete cosine transform (DCT). The DCT and some other
transforms will be described in the article.

Pictures are two-dimensional objects therefore the use
of the two-dimensional transforms is necessary for their
compression. The two-dimensional cases of the transform
will be presented below.

2. Mathematical description of the
transforms

This chapter is devoted to the description of the
discrete cosine transform, two types of Walsh-Hadamard
transforms and Haar transform.

Discrete cosine transform (DCT) of a data sequence
X(m), m=0,1, ..., N-1 is defined as [1]

L, (n) = Hper (X)), 2.1)

where L (k) is the k-th DCT coefficient, Hpcr is the

kernel of size NxN of DCT, X(»n) is an N-vector of data
X(m)and n=1log, N .

Walsh-Hadamard transform (WHT) [1] is
transform which uses the set of Walsh functions as the set
of basis functions. Two types of WHT are described below.
The first is Hadamard-ordered Walsh-Hadamard transform
(WHT)y, and the second is Walsh-ordered Walsh-Hadamard
transform (WHT),,.

Haar transform (HT) is the last transform which will
be presented in the paper.

All (WHT),, (WHT),, and HT of a data sequence
X(m),m=0, 1, ..., N-1, in matrix notation are defined as

B (n) = %H,-(n) X(n)", n=1log, N, (2.2)
where B, (k) is the k-th WHT or HT coefficient, H,(n) is the
kernel of (WHT), - Hy(n), (WHT), - Hy(n) or HT -
Hyr(n), and X(») is an N-vector of data X(m).

Fast algorithms to compute all the transforms
described above are developed and presented in [1].

Two-dimensional transform computing of DCT is
given by [1]

L. (uy,4,) = Bper (m) X(my,my ) Hper(m) (23)

where X(m,, m;) denotes the (N, x N,) data matrix and

L (u,, uy) denotes the discrete cosine transform matrix.
The two-dimensional case of other transforms
described above is given by [1]

1
Su(ul s“:) = WH:' (”1 ) X(m1 ’mZJH;’ (ﬂz)T (2.4)

where S, (1), u) is the (WHT)y,, (WHT),, or HT transform
matrix, Hj(n) is the kernel of one of these transforms and
X(m,, m;) denotes the data matrix.

The equation (2.5) describe the two-dimensional case
of inverse DCT and equation (2.6) describe the two-
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dimensional case of other inverse transforms which are
needed for decompression of pictures. The two-dimensional
inverse DCT can be written as [1]

X(m, smz) =H Ecr (”1 )Lu (“l L] )anr("z)

and the two-dimensional case of other inverse transforms
can be defined by [1]

X(m, ,m,) = NllNz H/ (n,)S. ()1, (). (2.6)

(2.5)

3. Mathematical evaluation of results

It is necessary to evaluate two factors for comparison
of results obtained by compression and decompression of
original pictures. The first is a compress ratio and the
second is a quality of decompressed pictures.

In whole this paper, the compression ratio (CR) is
calculated as a ratio of number of all pixels in the picture £
to number of all non-zero frequency coefficients f,.
obtained by transformation the picture from spatial to
frequency domain. It can be written as

.
fnz

Two possibilities exist for the quality evaluation. The
results can be compare visually and mathematically. The
Normalised Root Mean Square Error (NRMSE ) is defined
for the mathematical comparison and it is given by [2]

CR 3.1)

NRMSE = (3.2)

where X, are original pixel values, X, are pixel values

after decompression, and » is the total number of pixels in
picture.

4. Experimental results of using the
DCT, WHT and HT on few black
and white pictures

The transforms were tried on selected pictures, which
are shown in Fig. 4.1 and 4.2. The pictures were divided
into blocks and block size varied from 8x8 to 64x64 pixels.
The achieved compression ratio was changed too and it is
necessary to recall that only one type of quantization table
was used for all transforms. The changes of the
compression ratio were performed by changing of threshold
value after quantization.

The dependence of NRMSE on the block size and CR
for both ,,The rowanberries“ and ,,The vertical stripes*
using the DCT and (WHT)y respectively is diagrammatized
in Figs. 4.3 till 4.6. The (WHT)y gives very similar results
to (WHT)y and HT gives worse results in every cases.
Therefore, this results are not presented in this paper in the
concrete.

Fig. 4.1: The rowanberries

Fig. 4.2: The vertical stripes
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Fig. 4.3: The relation between NRMSE, Block size and CR for “The
rowanberries” using the DCT
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Fig. 4.4: The relation between NRMSE, Block size and CR for
“The vertical stripes” using the DCT
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Fig. 4.5: The relation between NRMSE, Block size and CR for
“The rowanberries” using the (WHT),
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Fig. 4.6: The relation between NRMSE, Block size and CR for
“The vertical stripes” using the (WHT),,

5. Experimental results of using the
DCT on coloured pictures

Coloured pictures was compressed and decompressed
too. Fig. 5.1 to 5.4 show ,Coloured rowanberries” and
Seattle” after compression and decompression. The
pictures 5.1 and 5.3 was compressed using the same
threshold level for luminance and both chrominance
components while the threshold level for the chrominance
components of the pictures 5.2 and 5.4 was 10x higher than
for the luminance component. The CR reached for the
pictures 5.2 and 5.4 is about twice higher than for the
pictures 5.1 and 5.3. However, the quality of all the pictures
is nearly the same.

DCT, CR=10.8, NRMSE=0.0356,
bs=32x32, Y, R-Y, B-Y-the same thr. |

Fig. 5.1: Picture “Coloured rowanberries” - the same threshold
level for the Iuminance and both chrominance
components
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DCT, CR=16.2, NRMSE=0 0238, bs =
32x32, R-Y, B-Y - 10x higher thr level

Fig. 5.2: Picture ,Coloured rowanberries" - the threshold level for
the chrominance components 10x higher then for the
luminance component

DCT, CR=9.2, NRMSE=0.1338, bs=064x64,
Y, R-Y, B-Y - the same threshold level

Fig. 5.3: Picture ,Seattle" - the same threshold level for the
luminance and both chrominance components

DCT, CR=17 4, NRMSE=01398, F64x64,
R-Y, B-Y - 10x higher threshold level

Fig. 6.4: Picture ,Seattle" - the threshold level for the chrominance
components 10x higher then for the luminance
component

6. Conclusion

Many runs of the transforms were performed and
many results were obtained. Some of them were presented
in this paper. Both (WHT)h and (WHT)w give comparable
results with DCT for pictures containing the large areas of
the same brightness but generally the DCT yields the best
issues of all transforms described above. The pictures
containing the large areas of the same brightness can be
compressed using larger pixel blocks while the pictures
containing smaller areas have to be compressed using
smaller pixel block. Therefore, it is suitable to use a
variable block size dividing of pictures for achievement of
high CR and very good quality [3]. An edge detection of
pictures or limitation of maximum NRMSE are needed for
this method.

It was shown that the chrominance components of
coloured pictures can be compressed using 10x higher
threshold level than the luminance component.
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