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A bOSsErFcact

A video Compression technique plays a vital role in storage & transmission
through limited bandwidth. Because of video files contain repeated sequence of
still image as a result each second represented byY ¢ image or more which is
represent the motion in video file therefore that repeated sequence provide us
large amount from temporal redundancy through similarities of sequence image
with few difference between them. In addition to spatial redundancy contained
in image data itself . Our proposed system achieves compression ratio close to
the best known video compression techniques MPEG between (Y +- ¢+).

The proposed system can be summarized into four stages the first stage is
opening Audio/Video Interleaved file (AVI) Video file which is called RIFF.
AVI, second stage is compress sequence of video by using techniques
presented in lossy compression in video Codec through used of transform
technique which is presented by discrete cosine transform to reduce spatial
redundancy in image data itself and to reduce temporal redundancy by using
motion compensation technique which is employed associated with discrete
cosine transform to error image produced by motion technique based on skew
measurement and at last of this stage we used efficient method to code them,
the third stage we inverse all hybrid compression techniques to obtain the
decompressed sequence image of video file to use. At the fourth stage which is
used to reconstruct video file of RIFF .AVI type. Results are generated for
compression ratio with PSNR for each image component in video with average
PSNR for Video file to compare between quality of decompressed video file
and original video. All these file tested on Y\ ++ GHz Pentium ¢ with Y1 MB
of main memory. The programming language was VB ver.l. The proposed
system was achieved high results for compression ratio with lost of the data

which was clearly from PSNR values for these movie file.

Vi
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\.\ Introduction

Digital video has become very important form of information
technology and is now used in many different areas, such as board casting,
teleconferencing, mobile telephone, surveillance, and entertainment. People
now expect to be able to access video through a wide range of different
devices and over various networks. To provide these kinds of services we
must know what is video compression for storage and transmission ['].
Compression of video imagery has become a necessity and very important
because of transmission and storage of uncompressed video would be
extremely costly and impractical. For instance, a video sequence running for
(%+) minutes, at (Y°) frames per second, at standard resolution of (VY-
*ov1), and with (Y¢) bit per pixel would require (Y1Y31Y1«vvvv) it or
approximately Ye1.£Y gigabytes”. This is not a problem if we only wish to
access and deal with video through high - end systems with a lot of storage
and network band width. However, since it is desired that video will be
accessible from a wide range of devices having different capabilities and
connected to different networks, therefore some form compression for
digital video is required [Y]. Compression refers to the process of reducing
the number of bits required to represent the image and video comes in two
forms lossless and lossy[Y]. In lossless compression ,is a process to reduce
image or video data for storage and transmission while retaining the quality
of original image (i.e. the decoded image quality is required to be identical
to image quality prior encoding). In lossy compression, on the other hand,
some information present in the original image or video is discarded so that
the original raw representation of image or video can only be approximately

reconstructed from the compressed representation with high compression
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source image lossy compression is almost usually used than lossless
compression to compress digital video [£].

Generally speaking, in video compression, the video sequences contain
significant amount of statistical and subjective redundancy within and
between frames. The ultimate goal of video source coding is the bit-rate
reduction for storage and transmission by exploring both spatial and
temporal redundancy and to encode “minimum set” of information using
entropy coding techniques .This is usually results in compression of coded
video data compared to original source data [°].

In natural images or in frames of natural video, pixels that are close to one
another tend to have similar values and tend to be very correlated — if we
randomly take from natural images samples consisting of pixels spatially
close to one another and then plot of those samples in a multidimensional
space each axis of which gives the value of one pixel in a sample, the
distribution of points produced would fit well to a line .The reason is that
most of the time, samples would be taken of pixels lying within the
boundary of some object or region of semantic significance ,and pixels
within these boundaries would very likely be similar and correlated simply
because it is very property that allow us as human beings to identify visually
such objects in our surroundings. This correlation between pixels implies the
presence of redundancy called spatial redundancy, in the uncompressed
representation of an image because the tendency of images to have
correlated pixels means in the set of all possible images, some images are far
more likely to occur than others, which lowers the entropy of the probability
distribution of images such that if all images are represented in the same

number of bits per pixel, as in uncompressed images then on average,
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significantly more bits than this entropy are used —thus the redundancy in the
uncompressed representation . Further more, for lossy compression ,in
which a form of quantization is used to discard some detail in the
representation of image samples, the correlation means that less quantization
cells are required to partition the sample space for given distortion than
would be required if the images were purely, and less cells require less bits
to encode, improving compression efficiency further. In addition the
redundancy makes techniques such as transform coding useful — without the
redundancy, transform coding would have no benefit — after which other
clever methods can be used to code the resulting transform coefficients
efficiently [1]. A video sequence is essentially an ordered set of frames are
displayed in quick succession to a human viewer, they give the visual
illusion of motion .This illusion is achieved by keeping the semantic content
mostly the same in each frame of group of successive frames - so that the
viewer is able to identify the same critical objects or critical elements of the
video in each frame —and by introducing only small changes to this content
between frames — by moving objects relative to one another or by panning,
or zooming or moving the camera, etc . Therefore the fact that the video is
intended for human viewer is important because it allow us to assume things
about the nature of the video that greatly aid in compression. To give this
illusion of motion, successive frames in the video must have very similar
semantic content, and this effectively means that successive frames often
have very similar pixel have moved slightly between successive frames. As
a result there is a lot of information that is shared between frames in
sequence, and this information, ideally, should only be encoded once in
uncompressed representation of the video sequence, this creates a

redundancy called temporal redundancy [1].
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The performance of the video compression techniques depends on the
amount of spatial and temporal redundancy contained in video data as well
as on actual compression techniques used for encoding — with practical code
schemes a trade — off between coding performance (high compression with
sufficient quality ) and implementation complexity is targeted — thus one of
the most method which is used for exploiting spatial redundancy is the
transform coding and for exploiting temporal redundancy used motion
estimation methods [°], all of these method used in video codec which are

explained in figure (Y-Y)[V].

Video codec
|
A\ 4 A\ 4
hardware software
I
v v
Lossy method Lossless method
I
v v
Transform coding for Motion compensation
spatial for temporal

Figure ( Y-V ): Types of video codec

Video Codec is a codec i.e. computer program that compress/ decompress
digital video data according to given file format[A]. And can be either
software application or part of hardware as explained in figure (1-)). They
process the video through complex algorithm that compress and decompress
video files. Video codec implemented in hardware is most efficient way to
code and decode video file, they are faster and demands much less processor
power than a software codec. hardware codec are often use at video
conferencing where the equipment at the sender and receiver are configured

at the same way. Software codecs are cheaper and there are a lot of codecs
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on the internet to use for free such as (MPEG-Y, MPEG-£, H.Y%) and
H.YAY) . Many of these codecs give good result but demand a lot of
processor power. Another disadvantage is the slow process to analyze a
video file and to compress it. In general video codecs can be divided into
two groups depending on what technique they use “ temporal compression”
and spatial compression, which are both work with lossy compression which
means information over whelming or not noticed by the viewer is deleted [V].
After we are introduced to redundancy which is contained in image sequence
of video file we are used DCT to reduce spatial redundancy, and differences
between successive frames to reduce temporal redundancy by using skew
measurement to measure asymmetry between them by calculating standard
deviation and mean which tell us about contrast and brightness respectively
to compress video file and stored it in another form . To construct video file
again we are needed to store all necessary information about AVI header and

keep the same structure of AVI file .

.Y General Concepts

V\.Y.) Digital Image Processing (DIP):

DIP is one of the important fields in signal processing that is
concerned with computer processing of images. these images come from many
sources such as digital camera, scanners, and are stored as a file of specific
format. In general the purpose of digital image processing is to enhance or
improve the image in some way, or to extract information from it [1]. Typical
operations are to :

Y. remove the bluer from image.
Y. smooth out the graininess.

Y. segment on image into regions such as objects and background.
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¢. remove distortion from an image.
©. improve the contrast on other visual properties of an image prior to display it.
1. magnify, minimize, or rotate an image.

V. code the image into some efficient way for storage and transmission.

\.YLY Color Space (CS):
CS is transformation of RGB channels into luminance / chrominance to

remove subjective redundancy contain in video data because human eye is

more sensitive to brightness changes [ +].

.Y Motion Compensation (MC ):

MC is powerful tool to reduce temporal redundancies between frames
and is used extensively in MPEG-) and MPEG-Y video coding standards as a
prediction technique for temporal coding the concept of motion compensation
Is based on the motion estimation of motion between successive video frames,
(i.e. if all elements in a video scene are approximately spatially displayed), the
motion between frames can be described by limiting number of motion

parameters (i.e. by motion vectors for translator motion of pixels)[°].

V.v.¢ Discrete Cosine Transform (DCT):

DCT is most usual video compression algorithm that tests an image at
regular intervals, by converting spatial amplitude into spatial frequency data.
Lower frequencies contributes with more picture information than the higher
frequencies does. This results in possibility to change an image to frequent

components and throw away a lot of higher frequencies[) '] .
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\.v.0 Fidelity Criteria (FC):
FC is measurement of image fidelity which can be divided into
“subjective” and “objective”[Y].
V. Subjective Fidelity Criteria :
Which require the definition of a qualitive scale to assess image quality.
This scale can then be used by human test subjects to determine image fidelity.
Subjective testing is performed by creating a data base of image to be tested,
gathering group of people that are representative of desired population, and
then evaluate the image according to predefined scoring criterion.
Y. Objective Fidelity Criteria :

Are borrowed from digital signal processing and information theory and
provide us with equation that can be used to measure the amount of error in the
reconstructed (decompressed) image. These equation are :

V. Root — Mean — Squared Error (e RMS):[¥]

NP

1 M-1 N-1

eRI\/IS:|:—Z S Fox y)— f(x y)]2:| e (1)

MN X=0 Y=0

f~ (x ,y) decompressed image, f(x ,y) original image, MN number of
pixels in row and column, x is the location row, y is the location
column .

Y. Signal —To- Noise Ratio (SNR rms):

>SS foawn®
MilNilx:O y=0 ( ’. r)

STST [ y)— FOGF

x=0 y=0

SNRIrms =

¥. Peak Signal-To- Noise Ratio (SNR peak):[' ¥].

PSNR =10|0910(2552%RMS v (1.1
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V.¥.3 Compression Performance (CP):

Several quantities are commonly used to express the performance of
compression method - which means high compression with sufficient quality-
that explain below [)¢].

1. Compression Ratio (CR) which is also called Bit Per Bit (BPB) is
defined as :

(1.9

Y. Compression Factor (CF) is the inverse of the compression ratio

CR= size of output stream /size of input stream

defined as :
CF= size of input stream/ size of output stream e (19)
Y. The expression: f+ *(1-CR). - (1)
£, Bit Per Pixel (BPP) is commonly used in image compression ,it is
equals the number of bits needed ,on average , to compress one pixel of

the image . BPP= number of bits / number of pixels (MY
}.Y.V Skewness

The skew is to measure asymmetry about the mean in the gray level
distribution . it is defined as

L-1 3
SKEW = —q
%gs*gZ:(:)(g g) * p(9) (1A
where o(q is the standard deviation , g is the mean , p(g) is the probability of

histogram Another method to measure the skew uses mean, mode, and

standard deviation where the mode is defined as the peak, or highest value :
KEW = g —mode (1.9
S g -mede/ (1.9

This method of measuring the skew is more computationally efficient,
especially considering that, typically, the mean and standard deviation have

already been calculated [ Y].



Chapter One Introduction g4,

\.Y.A Fundamental Concepts of Digital Video

In the area of digital video — which is defined as a type of video
system that work by using digital representation of the brightness and color
of each pixel of the image, black and white also possible- there are several
functions that make video clips as small as possible, which is essential for
streaming. They are all part of the most basic concepts in digital video for
understanding and the knowledge in this subject you should therefore be
familiar in what these words mean : Fps, Key Frame, Image Size, Bit Depth,
Video System and Data rate .

a- Frame Per Second (FPS)

With the expression “ frame per second “, it means the number of
Images or frames that are shown per second in a video clip. fps is also used
to synchronize image and sound [ °]. This is important for movie quality since
the higher images per second, the softer and the pleasant movie experience.
When talking about fps and streaming video it is important higher image per
second also means bigger file size. For that reason there are a rule of how high
fps that can be used depending on the internet connection speed, in general
ordinary TV program (Europe) is in Ye fps, movie in full size in ¥+ fps and
digital video for the internet about Yo — Y+ fps [ 1].
b-Key Frame and Delta Frame

Is a technique that is used to reduce file size when compressing video.
The information describing an image / frame is stored in a key frame. The
changes in the following frames are then stored in delta frame [YV].The key
frame is then used as a reference for the delta frame to compare with.
Normally when using key frames this is used each tenth or fifteen image,

depending on how much the content change [ A] .
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c- Image Size

The image size on a general video clip is 1¢+* ¢A« pixels and has
been this from the old standard of the VGA screens. Therefore a full screen
video is 1¢+*&¢A. pixels. If you then divide the size in half you will get
YY.*Y<. which is called half screen, even if it really mean a fourth screen
for VGA. Some image size that are ordinary on internet by streaming video
are the middle format Y¢+*)A. and the quart image size Y1+*)Y. [V4]. But
with increasing broad band connections the image size YY+«*Y¢. s getting
more usual. The high broadband connections size €+ +*Y«+,
d- Bit Depth

Bit depth means how many different color shades, which can be
showed at the same time. The higher bit depth, the larger the video clip will
be in the size. Normally a color depth of Y1 bits used for video clips, but
today it is more common that modern codecs use Y ¢ bit color depth see table
(0-)).

Table (Y-Y) number of color as a function of bit depth [Y4] .

Bit depth \ Y A Yo Y1 Y

No. of color | Y ¢ YoH FYYVTA AY-X-A YTIYVYYY I

e- Video System

With different broad cast of video there are different standards a round
the world of video system: Europe PAL, American NTSC, French SECAM,
PAL and SECAM uses 1Y lines that are shown on screen Y° times per

second. NTSC uses instead Y lines which are shown Y+ times per second

[¥-]
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f-Interlaced and Progressive Scan

The technique for drawing lines in video images can be done by either
interlace or progressive scan. Interlace is used for TV screens and works by
first drawing even lines of the image and then filling in odd lines.
Progressive scan is on the other hand the technique used for computer
screens and in difference draws the image entirely from top to bottom [YV].
g-Data Rate (Bit Rate )

Data rate or bit rate is measurement of the number of data which is
transported per second in a video clip. To calculate how much data rate an
uncompressed video clip will take, it can be done with the following formula
[Y4].

Data Rate= image size *bit depth * frame per second e (119)
as an example of this can be seen in table (- Y)

Table (V-Y) Typical values of Data Rate

Image size Bit depth Frame per second Data rate

VY*ova Y¢ Yo YA Y.t MB/S
TEvKEA Y¢ Yo Yy +¢ MB/S
R Y¢ Yo i,+ MBJ/S
FY XY S Y¢ Yo o ¥l MBJ/S
YUa*\ Y Y¢ Yo YAA  KBI/S

Lets say that we use the example four from table Y-Y with most use image
size for streaming : YY+*Y¢. Yo fps, and Y ¢ bit depth. To calculate the Data
Rate we use the form and multiply :

VY XYL *¥(YE/AM)*Ye = oVivvve Byte /S (°,Y1 MB/S). Data rate is one
Important key why video compression is needed the high data rate is

required for uncompressed clip with an image size YY+*°oY1 is far too
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high to be played on modern computer today. limiting data rate by
compressing the video clip is therefore essential for playback and in term of
streaming, where the data rate is controlled by the users. Internet connection,
of course lower data rate means lower quality since less data information is

processed in each second [Y 4] .

\.Y Literatures Survey
Neff and Zakhor (February-)444) have applied the Matching Pursuits

MP technique to code the motion prediction error signal, because of in
hybrid compression system after predicts each frame from its neighboring
frames, then compress the prediction parameter and produces the prediction
error frame, which is code by using DCT, although DCT video coding is
efficient, it introduces undesirable blocking artifacts, especially at low bit —
rates and some blocks are represented by one or small number of coarsely
quantized transform coefficients resulting in artifacts known as ringing and
mosquito noise. The MP coder divides each motion residual error into
blocks, and measures the energy of each block. The center of the block with
the largest energy value is adopted as an initial estimate for inner product
search. A dictionary of Gabor basis vector is then exhaustively matched to
an S*S window around the initial estimate.

The location, basis vector index, and the value of the target quantized inner
product are then coded together. Video sequence coded using MP do not
suffer from either blocking or ringing artifacts since the basis vector are only
coded when they are well matched to residual error, but the distortion

appears in MP by increasing blurriness or loss some detail[ Y ¥].
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~ Neri Merhav & Vasudev Bhaskaran (Y- - +) proposed new algorithm
converts motion compensated compressed video into sequence of DCT-
domain blocks corresponding to the spatial domain blocks of the current
frame alone, without prediction based on other frame, i.e. removing the inter
— frame element of compression /decompression. This algorithm used for
undoing the motion compensated operation in the DCT — domain, therefore
the algorithm receives as the input DCT blocks of the motion compensated
compressed video, and provide DCT blocks of the corresponding spatial
domain, blocks of the current frame alone without Reference to past or
future frames. This operation of canceling motion compensation enable
video compositing in the DCT compressed domain as well as several
composite operations, e.g. scaling, overlapping , translation and filtering, etc.
This proposed algorithm save ¢Y7 computations compared to brute — force
approach — which is used to composite compressed video streams from
several resources into a single composite video stream — which can be
replaced with the proposed algorithm i.e. compositing pixel- by — pixel in

the spatial domain, and recompressing the composite stream [YY].

Stefan Einerman (December -Y++Y) submit thesis in residual coding which
Is lossless video compression. He proposed method of residual video coding
such that the residual sequence is obtain by differencing between original
video and its MPEG-Y coded version :
Residual Sequence = Original - MPEG- * e (119

The resulting residual sequence will contain what can be called error frames,
the resulting histogram of the residual or error frame will be highly peaked
around zero, so that a distribution can easily be further compressed by an

entropy coder such as Huffman. The compression ratio of residual coding is
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measured by dividing size of original on (size of MPEG-Y code plus size of
residual code) which reach V.Y for an average video clip , which tend to be

better to existing lossless method[Y ].

Amir Said (may-Y -« + £) proposed new coding system, in this system
the encoder perform coding depend on coding image block classification
method that is very simple and low computational — complexity, so that the
compound image or video data is divide into blocks of certain size (like A*A),
and then classification method is applied to blocks to decide which
compression method is to be used to code its pixels, the classification
information is also coded before coding the block pixels, and usually it
depends only on the values of pixels inside a block and possibly the
decision on the neighboring blocks, but also first encodes some information
about the number of blocks that have the same classification (group), then
code the classification, and finally codes whole group of block. In this
proposed encoder using two techniques first is classification based on color
(i.e. if block of pixels have small number of colors than threshold (T= 1)),
then he use lossless method to encode what colors in the block and then
what is location of these colors as well as regions with small colors have
normally small entropy for coding. Second technique is the identification of
block that need high quality such as smoother transition in the edges make
the DCT coding more efficient and artifacts less pronounced, thus the
proposed detection method by using y-color component and taking the
absolute difference to get information about block activity and presence of
the edge then analyzing histogram of differences, the block with text and

graphics normally have histogram containing a few isolated peaks therefore
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defined entropy function, which is in classification and coding by putting

these two techniques together[Y®] .

Ayman Darwish (November-Y « + @) submitted thesis in scalable video
coding, in it he used DWT to reduce Spatial Redundancy at ),Y,Y,¢-level
and use F which is quantization factor at A,Y1,YY, when increasing F result
In more quantization and worse quality reconstructed image. To reduce
Temporal Redundancy use Overlapped Block Motion Compensation(OBMC)
which uses same number of block in Block Motion Compensation
(BMC)and each block has same center but each block has been enlarged to
twice for each width and height of its counter part in BMC. Therefore the
enlargement naturally creates overlapped between blocks such that each
block overlap a quadrant wise with all eight of immediate neighbors. For
example the top-left quadrant of block overlaps with left, top-left, and top
neighbors of the block. Therefore any given pixel incurrent frame belongs to
four of these overlapping blocks . OBMC instead of simply copying block
from reference into prediction frame , it first multiplies each block from
reference frame into wise with a window function and then add the resultant
overlapping blocks together in prediction frame, so that each pixel values
taken from different location in reference frame. DWT can not be applied to
small block of BMC effectively, but must be applied to as a large area of
image as possible to reap full benefit of DWT by maximizing its efficiency

and energy compaction effect[1].
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V.£ Thesis Aim

This thesis aims to design and implement a coder/decoder software for
video clip file using lossy digital video compression and AVI movie file - as
a type of file under which windows was treated with- to reduce the size of
AVI video file for storage and transmission through the limited bandwidth
by converting source video file which is a sequence of frames into another
form which can be represented in fewer bit, and then change it back for

using as AVI movie file again .

V.¢ Thesis Layout

Thesis has been structured as five chapters:

e Chapter one gives an introduction to the digital video
compression with general concepts, literature survey and thesis
aim .

e Chapter two explains the general techniques which are used in
lossy compression algorithm for video .

e Chapter three shows some video clip image compression
algorithm such as MPEG-Y, H.Y1X, and structured AVI file .

e Chapter four (practical section) shows suggested system .

e Chapter five shows proposed system results ,conclusions, future

works.
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Y.\ Introduction

In this chapter we explain some general techniques which are used
for compression to reduce the redundant information contain in images and
video sequence which are come in various formats that can be defined by
color space, sampling, spatial resolution and temporal resolution for video.
The first technique is color space which are used to decorrelate image pixel
with sampling to reduce size of color component.

The second technique is used motion estimation /compensation which are
used to find similarities between successive frames and differences.

The third technique is used DCT to convert image data into frequency
domain with quantization process to produce large number of zero

coefficients.

¥.Y Color Space (CS)

To describe color space, we must know what is color which is
defined as the brain reaction to a specific visual stimulus. although we can
precisely describe color by measuring its spectral power distribution (the
intensity of visible Electro — magnetic radiation at many discrete wave
lengths) this leads to large degree of redundancy. The reason for this
redundancy is that the eye’s retina samples color using only three board
bands, roughly corresponding to red, green, and blue light [Y1][YV].

Actual information stored in digital image is the brightness information in
each band (i.e. red, green, and blue), when image display, the corresponding
brightness information is displayed on screen by picture element that emit
light energy corresponding to that particular color ,therefor to use image in

some application such as compression we need to transform color from RGB
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into mathematical color space that de-couples the brightness information
from color information, this is done by using transformation of color space,
the image information consist of a ‘-D brightness, or luminance, and Y-D
color space, now Y-D color space does not contain any brightness
information, but typically contains information regarding the relative

amounts of the different colors.

Y.Y.\ Computer Graphics Of Color Space

Traditionally the CS used in computer graphics have been made
designed for specific devices: RGB for the CRT displays and CMY (K) for
printers. Most computer graphics CS is commonly used
V. Computer RGB Color Space

This is CS produced on CRT (or similar) display when pixel values
are applied to graphics card. RGB space may be visualized as cube with the
three axis corresponding to red, green, and blue. The bottom corner, red =
green = blue = - is black, while the opposite top corner, where red = green =
blue =Yoo (for A bit per channel display system) is white. RGB is frequently
used in most computer applications since no transform is required to display
information on the screen. For this reason it is commonly the base CS for
most applications. The RGB CS is not efficient representation for
compression because there is significant correlation between color
component in typical RGB images for compression, a luminance -
chrominance representation such as (YCbCr, YIQ, YUV, etc) is considered
superior to RGB representation because of lower inter- component
correlation. RGB images are acquired from color cameras and scanners are
therefore transformed to one of the luminance — chrominance spaces prior to

compression. These conversion introduces some error caused by rounding of
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the results of arithmetic operations, therefore RGB space may be used for
strictly lossless compression with law compression ratio [YA].
Y. TV Color Space

Is the television transmission CS or transmission primaries YUV and
YIQ are analogue for NTSC and pal system respectively while YCDbCr is
digital standard, these CS separate RGB into luminance — chrominance
information and are useful in compression applications(both digital and
analogue). The luminance in the range (+ —to — Y°° ) and chrominance is

bipolar (positive as well as negative ) [Y1]: -

a- European YUV (EBU )

European TV (PAL and SECAM coded ) uses YUV components y is
similar to perceived luminance, U and V carry color information and some
luminance information and are bipolar. the coding equation for non-linear
signals are [YV]:-

Y [ o.Y44 L oAV VY g R

U = VEY -0 YAS LYY G

V ..1\0 _n.O\O _u.\hh B
- - S . (YY)
TR | K R %

G = \ -~.\'"Q'\ -~_°/\\ ke U

B \ Y.~\‘ﬂ v v V

b- American YIQ
American TV (NTSC coded) uses YIQ component. Again y is
similar to perceived luminance, | and Q is carry color information and some

luminance information. The coding equation for non-linear signals are [YV]:-
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It is possible to define a transformation matrix between EBU YUV and

NTSC YIQ, the non- linear connecting equations are :-

0] [ -veev waer | [ U
Q| = | +Am voty | Xy
" - L (N9
U | [ -veev  waer | [ 1]
V = AT oty * Q

c- Digital YCbCr
This is international standard for digital coding of TV pictures. It
deals only with digital representation of RGB signals in YCbCr form. the

non-linear coding matrices are [Y4]:-

vy ] VY4 oAV WV § R

Cb = _..\*% _._""\ .lcnn A G

Cr C N _~_£\/\ -~_~A\ B
- - D
R | v ov \\ih Y N Y

G |= | v -ivegy ovvey |+ C

B \ Y.VYAYA v v Cr
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V.Y Sampling

Sub-Sampling reduces the number of samples temporally or
spatially and this results in the loss of higher frequency information [ Y14].
After conversion from RGB signals to luminance — chrominance system
which take the advantage of the human eye’s which is lower sensitivity to
color information, The chrominance components are known as color
components are mostly sub-sampled with respect to luminance
component[YA ]. Therefore When working with RGB images, we use
exactly the same number of bits to store the three color components. When
working with YCC video, by taking this advantage of the peculiarity of
human perception previously mentioned- the eye is much more sensitive to
changes in the luminance of an image than to the color (chrominance) So,
instead of storing the same amount of information for each of the YCC
components, professional video only needs to store half as much color
information as it does luminance information. This is also known as £:V:-
color, which means that for every four samples of luminance values, there
are only Y samples of each color signal. See Figure (Y-)). This helps save
bandwidth during analog transmission, as well as storage space in the digital
realm. YCC can be reduced even further to what is known as ¢:):) color.
DV cameras save video in the £:):) space in order to reduce storage needs

[Y4]. The basic video chrominance sampling schemes are shown in figure

(Y- 1) [YAILY 1.
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Figure (Y- V) -lllustration of SAMPLING TYPE
The £:Y:Y sampling scheme is sub- sampled to one half in the horizontal
dimension and is used in high — fidelity applications like contribution —
quality television while £:Y:+ which is sub-sampled to one - half in both
vertical and horizontal dimension is very common high compression
applications. Basic video formats are summarized in table (Y-)) ,SIF
(Standard Intermediate Format) ,CIF (Common Intermediate Format) and
QCIF (Quarter CIF) , and Sub-QCIF (sub- Quarter CIF) are defined. QCIF

operation is mandatory, while CIF operation is optional [¥+].

Table (Y-Y) [Hlustrate Sampling Type in vertical and horizontal
dimension with Video Formats (SIFif & CIF) .

Sampling Type SIF CIF QCIF Sub-QCIF

£y £:Y:n £:Y:u €Y
Lum. format VY e xov FOY*YAA YVI*Y £ Y YA*4T
Chro. format ¥R okovR YVI*Y £ ¢ AA*YY TEREA
Frame rate Yo.v. Yo.v. Yo.v. v
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¥.¥ Motion Compensation / Estimation

In recent year video compression has played a vital role in data
storage and transmission as we said previously, video compression is
involved with removal of the spatial and temporal redundancy, therefore
intra — frame which are used to remove spatial redundancy and inter —frame
Is used for to remove temporal redundancy, by using this fact the current
frame is often not entirely different from the previous one. Many part of
blocks of a frame are identical to corresponding block the previous frame
[YV][TY].

Coding efficiency is achieved with prediction from the previous reference
frame, prediction consist of two process motion estimation and motion
compensation. ME is process that attempts to find the best match of a block
of pixels with the previous frame [YY].

ME can be classified into three types which are optical flow equation based
methods, peel recursive methods, and block matching methods which are
seemingly used by the video compression standards because it is achieve a
good balance between complexity and coding efficiency [YY]. The goal of
ME is to find a vector that points to a block of pixels in previous frame [Y¢].
There are many type of ME — block matching methods which divide the
frame into macro blocks of size (Y1 * Y1) pixel, also assume the macro
block is fit entirely within previous frame (i.e. not hang over the edge) and
the motion vector is the relative coordinates between the upper- left -hand
corner of the reference block and the candidate block. Then, the upper- left-
hand pixel of the candidate block must fit within the area denoted in gray in
the figure (Y-Y) , a suitable macro block that fits gray area in figure (¥-Y),

this give possibility of Y1) *YY4 or, Y:V¥13 motion vectors checked per
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macro block, with 49 macro block there are over Y million motion vector to

be checked per a single frame [Y°] .

(8} 160 175

o

Macrobloek =TT 16x16
. - Candidate
Macroblock

16x16
* | Reference
Macroblock

16x16
128 — Candidate
Macroblock

143

Figure (Y-Y) lllustration of ME computational complexity of entire QCIF

Usually ,then the area of motion estimation is restricted to what is called a
search area .this greatly limits the number of possible candidate blocks from
impractical statistics mentioned previously .For example search area is
limited to[-)7,Y2] under normal operation [Y°]. Figure (Y-Y) illustrates this

case .

-15 8] +16
-15
0 ~ Motjon vector

16x16

+16 Reference
Macroblock

47 %47 Search Area

Figure (Y-¥) Hlustration of Motion Estimation Under H.Y% ¥
Again, the upper-left-hand corner of the reference block can be “ shifted ”

any where inside the gray area. The entire search area is ¢V *£V pixels to
accommodate all the motion vectors. Now there are only Y)Y *¥) or 31)

motion vectors to be checked per macro block and 22YY4 per frame [Y°].
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v.r Matching Criteria

When trying to find the best matching block, there has to be some
way to compare the two block. Matching criteria, e.g., a Block Distortion
Algorithm (BDA), is what is used to do this it is very important that the
distortion function is fast it is used in every comparison and if the distortion
function is slow then the whole block matching will be slow, mean square
difference(error), mean absolute difference, pel difference classification ,
and sum absolute difference function:[¥ ¢]
Y. Mean Absolute Distortion Function (MAD)

1 m-—. n—.
MAD(A,B) = — |A(p,q)—B(p,a)] .. (V.9
MmN v2o q

|_\
|_\

Il
o

where A(p,q) is luminance intensity of the pixel at the location (p,q) in the
original block, B(p,q) is luminance intensity of the pixel at the location in
the target block, m and n are the width and the height of the block
respectively measured in pixels.

Y. Mean —Square — Difference (MSD)

=

1 m-1 n-1

MSD(A,B) = - (A(p.)-B(p.@))  ...(".%)

p=0 q=0

Y. Pel Difference Classification

If the difference is less than some predetermined threshold then there is
match. The number of matches is then counted with the help of the Ord(n).
Ord(n) is one if n is true and zero if n is false. The smaller the difference is

the greater the number of matching pixels, is the batter is the match [Y ¢].

[EN

m— n-1

PCD(A,B) = [Ord QA(p,q) —B(p,q)| < T)] - (Y.Y)

p=0 =0

o]

where T is the threshold
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Y.Y.Y Motion Estimation Algorithms:

Y.Y.Y.\ Full-Search Block-Matching Algorithm

The Full-Search Block-Matching (FSBM) algorithm is the most
straightforward motion estimation operation. Simply speaking, it calls for
searching the entire allowable search area for the best motion vector-the one
with the best MAD rating. Obviously, this algorithm always finds the
optimal motion vector for the given search area. It should also be obvious
this algorithm suffers from the largest computational complexity. For
example, considering the search area of [-V, +VY], there are YY¢ MAD
calculations that must be performed for each macro block in a frame. Again
with 44 macro blocks in a QCIF-sized frame, that translates to YY,YVe MAD
calculations per frame of video to perform motion estimation[Y].
The advantages of implementing FSBM as the motion estimation algorithm
is achieving the optimum results for any given search window [Y¢].
Disadvantages of the FSBM algorithm lie in the large amounts of area
required to implement the systolic arrays, the high throughput requirements
to calculate all the MADs and the large amount of power required to drive

the systolic arrays [T°].

Y.Y.Y.Y Y -D Logarithmic Search

It was the first block matching algorithm that utilized the
guadrant monotonic principle — which assumes that the value of distortion
function increase as the distance from the best matching block increase, that

algorithm is divided into number of steps [T £].
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First step:

If the maximum displacement is d and the step size is s, then the first
five locations to be examined are [+,*], [*,s], [S,*], [*.-s], and [-s,] .
in the figure (Y-¢) the first points to be examined are marked with number ).
Maximum displacement is the largest number of pixels away for the starting
point that the algorithm looks for the best matching block. In this figure this
A along the vertical axis and A along the horizontal axis sometimes the
maximum displacement is larger along the horizontal axis because of the
assumption that the objects generally move more along that direction. Step

size in the first step set to ¢ .

Second step :

The search is now centered on the location that produced the least
distortion. If the location is the center position then the step size is halved. In
the example shown in figure (Y-¢), the location marked number ) with the
least distortion is located at the point (+,¢), therefore the step size remains
the same and the second search is centered on point (+,¢), but the search
number three has the least distortion in the middle search location (-¢,%),

which means that the step size is reduced by factor Y, thus becoming Y .

Third step:

If the step is equal to Y, the search area is minimal, then all the eight
locations around the center are examined to find the best match for the
block .
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Figure(¥- ¢) : Y-D Logarithmic Search Example Searches
Y.¥.¥ Motion Compensation (MC)

Is the process that is take Y component of a frame and divided
into macro block Y1 *)Y1 | which used to find motion vector by using one of
the motion estimation algorithm that is used then in motion compensation to
create motion compensated version of the current block of pixels. This new
macro block is basically the difference of the two “matching “macro blocks
and It is defined by this equation :

E(x,y.t)= I(x,y,t)- I(X-u,y-v,t-1) e (YA)
In equation (Y.A), the (u, v) respectively represent the x and y coordinates of
the motion vector found during motion estimation. the third dimension is a
time , hence I(x, y, t) represent the intensity at the position x and y at a time
t , thus the previous frame block is being subtracted from the current block

of pixels. The out put of motion compensation block can then be
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transformed by using DCT to remove spatial correlation and then
transmitted with motion vector cross the channel to receiver.

The decoder can inverse this operation by performing its own motion
compensation to retrieve the current block of pixels, albeit degraded by the
guantization factor and any losses from the DCT inverse transform . (Refer
to Figure Y-° for a picture of the encoder and decoders). Compression is
achieved if the blocks “match up” well, so maximum compression depends

on the success of motion estimation. [ Y¢][V°] .

I(x,yt-1) . -
| t Motion Motion vector (u,v)
(1) 5 Estimation
Maotion
Jf Compensation
eley.D)
DCT Coding
Encoder
Decoder
DCT Decoding
L e(x. 1) [(x-u,y-v,t=1)
Ix,y.) )
= s
Frame J Motion
Memory Compensation

Figure (Y-¢) : Generic Video Encoder and Decoder Supporting Motion
Estimation/Compensation
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Y.t Discrete Cosine Transform (DCT)

v.¢.y  Transform

The transform maps image data into different mathematical space
via transformation equation [YY]. DCT is widely used transform in image
processing, especially for compression. Some of the applications of two Y-
Dimensional DCT involve still image compression and compression of
individual video frames, while multi- Dimensional is mostly used for

compression of video streams and volume spaces [¥1].
¥.£.Y Discrete Cosine Transform DCT

Like other transforms, the Discrete Cosine Transform (DCT)
attempts to decorrelate the image data. After decorrelation each transform
coefficient can be encoded independently without losing compression
efficiency [YV]. This section describes the DCT and some of its important
properties.

Y.£.Y.Y The One -Dimensional DCT

The most common DCT definition of a Y-D sequence of length N is

CU) =a()> (- cOs[H(ZZXI\Tl)“}

o (1.9)

for u = -, 1, % ...,N-7.Similarly, the inverse transformation is defined as

f(x)= lEa(u)-C(u)-Cos{%} AR

for u= -, 1,7 ...,N-1 In both equations(¥.%) and (¥." +)a(u) is defined as

1 for u= -
N

a(u) = \/E for u= (YY)
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It is clear from (Y.%) that for u=0,C(u=0)= \/Ej’jhue, the first transform
coefficient is the average value of the sample sequence. In literature, this value
is referred to as the DC Coefficient. All other transform coefficients are called
the AC Coefficients. To fix ideas, ignore the f( x) and a(u) component in

(Y.Y+) .The plot of “z'lf(x).m{w} for N =A and varying values of u is
¥=0 2N

shown in Figure (Y-1). In accordance with our previous observation, the first
the top-left waveform (u = -) renders a constant (DC) value, whereas, all other
waveforms (u =V, Y, ...,V) give waveforms at progressively increasing
frequencies [YA]. These waveforms are called the cosine basis function. Note
that these basis functions are orthogonal. Hence, multiplication of any
waveform in Figure (Y-1) with another waveform followed by a summation
over all sample points yields a zero (scalar) value, whereas multiplication of
any waveform in Figure (Y-1) with itself followed by a summation yields a
constant (scalar) value. Orthogonal waveforms are independent, that is, none of
the basis functions can be represented as a combination of other basis functions
[V4]. Fig (Y-1) show below

. l-_.l
° 1 2 3 4 5 ] 7 8 - 1 2 3 4+ 5 L] T 8
[ [ i ]| P
1 2 3 4 5 & T a8 3 4 5
l I
T [ue-B
) 12 3 4 5 8 7 8 - iz 3 4 5 8 7 &
! !
o [ J =l [
Bl B il BB

i 2 2 4 5 & 71 =8 Tz 2 4 5 8 7 =

Figure ( Y-1) . One dimensional cosine basis function (N=A).
If the input sequence has more than N sample points then it can be divided
into sub-sequences of length N and DCT can be applied to these chunks

independently. Here, a very important point to note is that in each such
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computation the values of the basis function points will not change. Only the
values of f( x) will change in each sub-sequence. This is a very important
property, since it shows that the basis functions can be pre-computed offline
and then multiplied with the sub-sequences. This reduces the number of
mathematical operations (i.e.,, multiplications and additions) thereby

rendering computation efficiency.

Y.£.Y.Y The Two -Dimensional DCT

The Y-D DCT is a direct extension of the Y-D case and is given by :

Cuv) = aWa®Y 3 f(x, y)-Cos[M]Cos[m} (1Y)
x=0 y= 2N 2N
for u,v=+\Y,,..,N-"Y , and a(u) and a(V) are defined in (Y.VY). The

inverse transform is defined as

N-1 N-1

foay)=>, Za(u)a(v)C(u,v)-Cos{%}@os[%} (YY)

=

<
<

for x,y =YY ... , N = [YY] . The Y-D basis functions can be
generated by multiplying the horizontally oriented Y-D basis functions
(shown in Figure (Y-1) ) with vertically oriented set of the same functions
[YA]. The basis functions for N = A are shown in. Again, it can be noted
that the basis functions exhibit a progressive increase in frequency both in
the vertical and horizontal direction. The top left basis function of results
from multiplication of the DC component in Figure (Y-V) with its transpose.
Hence, this function assumes a constant value and is referred to as the DC

coefficient.
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Figure Y-V: Two dimensional DCT basis functions (N = A). Neutral gray
represents zero, white represents positive amplitudes, and black
represents negative amplitude [¥A].

As we said previously the basis function can be pre - computed offline for
n= A and the Y-D DCT which is the amongst block transform that partitions
an input image into non — overlapped blocks, then maps them into blocks of
coefficients so as it can be used in JEPG & MPEG compression successfully
at decorrelating and concentrating the energy of pixel data into spatial
domain [¢+]. Given an image of any array that partition into A*A blocks is
then the DCT applied separately on A*A blocks of data so that the equation

(YY) (Y.)Y) can be written as[£ +]:

C(uv)_% ()i if(y,x)-Cos{mZI—glﬂj]Cos[H(Zf—;D\/} (V) E)

2 y=0 x=0

Foru,v=+ ) ,Y,... n-).
_ ! a(v) ! a(u) I(2x+1u | I1(2y +1)v Yo
f(x,y) V; > UZ:(; > C(v,u).Cos{—16 } Cos{—16 } ..(Y.Y9)
forx,y=+,Y,..... n-).Where & = | /Y if u="+

) ifu<> -
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The DCT make it possible to compress the image by concentrating most of
the image information in the lower spatial domain, so that the 1 ¢ coefficients
produced by that equation is represent as in figure (Y-A). The coefficient of
the top -left- corner is called DC which represent the average of whole

Image, and it is low frequency, the other 1Y coefficients is high frequency

which is called AC [Y1] .

36132 |26 [ 191411 [10]10 |21 o0(0j0j0|0
32|29 |22 (1% |11 9|8 |8 | DCT |42(23|0|0|0|0D|0O]O
62|17 (11| 71545 = 19(0|10j0j0j0j0]0
a1y ef2|1]1]2 ojofojojojojojo
(1| 7|3[0]0]0]1 = ojofojojojojojo
12(9 520|023 | IDCT (O|O|O|0O|O|O|O]|O
Mm{g|s5|2(1]|2]|4]6 ojofojojojojojo
Mm{g|6|3[3|4]|6]8 ojofojojojojojo

Figure Y-A : The Effect of a Discrete Cosine Transform
Given this interpretation of the DCT , the way to lose the unimportant
image information is to reduce the size of A*A numbers of coefficient
especially the ones of the right bottom .
There is a chance that this won’t degrade the image quality much. In general
these coefficients must be quantified and then compress using one of
compression lossless method such as run length coding, Huffman, and etc as

explain in section Y-© .

Y.£.Y.¥ Properties of DCT

Discussions in the preceding sections have developed a
mathematical foundation for DCT. In This section outlines(with examples)
some properties of the DCT which are of particular value to image

processing applications[YV].
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a- Decorrelation

As discussed previously, the principle advantage of image
transformation is the removal of redundancy between neighboring pixels.
This leads to uncorrelated transform coefficients which can be encoded
independently. Let us consider the example in Figure (Y-%). The normalized
auto correlation of the images before and after DCT is shown in that Figure.

Clearly, the amplitude of the auto correlation after the DCT operation is very

small at all lags. Hence, it can be inferred that DCT exhibits excellent

Hiniiniini
(AR A

decorrelation properties.

Ly

(b)

(©) - |

Figure Y.%: (a) Original image (b) Normalized autocorrelation of
uncorrelated image before and after DCT; (c)Normalized
autocorrelation of correlated image before and after DCT.
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b- Energy Compaction

Efficacy of a transformation scheme can be directly gauged by its
ability to pack input data into as few coefficients as possible. This allows the
quantizer to discard coefficients with relatively small amplitudes without
introducing visual distortion in the reconstructed image. DCT exhibits
excellent energy compaction for highly correlated images. Let us again
consider the two example images of Figure (Y-4) . In addition to their
respective correlation properties discussed in preceding sections, the
uncorrelated image has more sharp intensity variations than the correlated
image. Therefore, the former has more high frequency content than the latter.
Figure (Y-)+) shows the DCT of both the images. Clearly, the Uncorrelated
image has its energy spread out, whereas the energy of the correlated image
Is packed into the low frequency region (i.e., top left region). We classify
Image into number of types such as image contain large areas of slowly
varying intensities. These images can be classified as low frequency images
with low spatial details. A DCT operation on these images provides very
good energy compaction in the low frequency region of the transformed
image. Second type of image contains a number of edges (i.e., sharp
intensity variations) and therefore can be classified as a high frequency
image with low spatial content. However, the image data exhibits high
correlation which is exploited by the DCT algorithm to provide good energy
compaction. Third type of image with progressively high frequency and
spatial content. Consequently, the transform coefficients are spread over low
and high frequencies. The last type of image with periodicity shown
therefore the DCT contains impulses with amplitudes proportional to the

weight of a particular frequency in the original waveform.
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Figure Y-\ +: (a) Uncorrelated image and its DCT; (b) Correlated image
and its DCT.

Hence, it can be inferred that DCT renders excellent energy compaction for
correlated images. Studies have shown that the energy compaction
performance of DCT approaches optimality as image correlation approaches

one i.e., DCT provides (almost) optimal decorrelation for such images [¢'].

c- Separability
The DCT transform equation (Y. ' £) can be expressed as[¥ ],

C(u,v)=a(u).a(v)Nz_lc {H(Z“Du}z“f(x y)NZ‘fCos[H(Zy”)V} (YY)

Foru,v= +,!,Y,. ,n-) This property, known as separability, has the
principle advantage that C(u, v) can be computed in two steps by successive
V-D operations on rows and columns of an image. This idea is graphically
illustrated in Figure (Y-))) . The arguments presented can be identically

applied for the inverse DCT computation (Y.)°).

v v

v
v
v

S, 3

r
x

Figure (Y-YY) :Computation of ¥Y-D DCT using separability property.
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d- Symmetry

Another look at the row and column operations in Equation (Y.\1)
reveals that these operations are functionally identical. Such a
transformation is called a symmetric transformation. A separable and

symmetric transform can be expressed in the form [£Y]
T = AfA (VYY)

where A'is an N x N symmetric transformation matrix with entries a (i , j)
given by:

iE {H(2j+1)i}
2N

a(i, j) = a(j)JZ;Cos
and f isthe N* N image matrix.
This is an extremely useful property since it implies that the transformation
matrix can be pre computed offline and then applied to the image thereby
providing orders of magnitude improvement in computation efficiency.
e- Orthogonality
In order to extend ideas presented in the preceding section, let us

denote the inverse transformation of (Y.\V) as

FeA'Tat (YA

As discussed previously, DCT basis functions are orthogonal Thus, the
inverse transformation matrix of A is equal to its transpose i.(4~} = AT.
Therefore, and in addition to its decorrelation characteristics, this property

renders some reduction in the pre-computation complexity.
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Y.© Quantization Process

Is the process of reducing the number of possible value of quantity,
thereby reducing the number of bit needed to represent it. Therefore there is
a trade — off between image quality and degree of quantization. A large
quantization step can produce unacceptably large image distortion. This
effect is similar to quantization Fourier series coefficients to coarsely, large
distortion would result .

Unfortunately, finer quantization leads to lower compression ratio, therefore
how can quantize the DCT coefficient most efficiently. Because of human
eye’s light natural high frequency roll — off, these frequencies play less
important role than low frequencies [£Y].

After each A*A matrix of DCT coefficients ¢ (u ,v) is calculated, it is
quantized, this step where information is loss (except for some unavoidable
loss because of finite precision in other steps) occurs [)¢]. The quatizer
divides the DCT coefficient by its corresponding quantum. The quantization
matrix is A*A matrix of step sizes called quantums and then rounds to the
nearest integer. Large quantum’s drive small coefficient down to zero [£Y].
the type of quantum matrix which are used by different compression

algorithm is :

V. Default Quantiztion Tables :

One such table, for luminance (gray scale) component, is the result
of many experiments preformed by the JEBG committee as shown in
table (¥-Y) .
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Table (Y-Y) — standard table of JEBG

"1 R e "1 Y¢ ¢ o) W
VY 'Y V¢ Y4 Y1 oA T oo
V¢ VY 1 Y¢ 1 o) 14 o1
V¢ AR YY Y4 o) AV A 1y
YA YY v o TA Yod | VY \a%
Y¢ Yo oo ¢ AN Vot VY ay
¢y ¢ YA AY Yo | YYD Y. Yo
\At Y qo0 aA YYY | Yo AR 4

Y. A simple quantization table Q

This is a table computed, based on one operate parameter R
supplied by the user. A simple expression such as Qij = Y+(i+))*R
guarantees that QCs start small at the upper — left — corner and get bigger
toward the bottom right corner [ ¢] .
After quantization, it is not unusual for more than half of the DCT
coefficients to equal zero, thus we can use zigzag type scan pattern shown in
figure (Y-YY ) which re-order the coefficient so that gathering the zero
coefficient one often another ,which is useful in lossless compression

methods .

|
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Figure( Y-1Y) ZIGZAG —~SCAN TYPE



£ Chapter Three %,

Data Compression and
Yideo Compression Techniques



Chapter Three Compression Techniques @i“%

Y.\ Introduction

There are many type of codec-coder /decoder which are used to
describe any thing which turns data into another form for storage and
transmission, then change it back for use - used in video compression.

In traditional broad casting, a codec is physical device which turn analog
video and audio data into digital form to be sent out the air, it is also capable
of turning received digital information back into analog format.

in computer a codec is used away of compressing video, images, and audio
to more manageable size. The majority of codecs use a lossy method of
compression, but some are lossless . Lossless codec such as MSU or
HUFFyuv, reproduce the original video exactly with no subsequent loss if
the video is re- encoded. The more common lossy codecs lose varying
degrees of information, but can save substantial amounts of space [¢¢ ].
The term video refer to the technology of processing electronic signals
representing moving picture. A major application of video technology is
television, but is also widely used in engineering, scientific, manufacturing,
and security applications, the word video come from Latin “ I see” [£°].

In this chapter we introduce to different compression method used in lossless
and lossy image compression, in addition to video compression standard

methods.

¥.Y Lossless Compression

In which original image can be recreated exactly from the compressed
data, so that called lossless because no data lost. For example image in these

method are limited to compressing the image file to about
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one half to one third of its original size (Y:) or Y:)) , often the achievable

compression is much less. For simple images such as text only image, lossless

method may achieve much higher compression [ Y] .

¥.Y.} Huffman Coding

A Huffman encoder takes a block of input characters with fixed
length and produces a block of output bits of variable length. It is a fixed-to-
variable length code
Huffman coding, uses a table of bit sequences which maps a variable length
bit sequence to a particular token. For Huffman coding to compress data,
shorter variable length codes must be used for tokens with the highest
probability of occurring in a particular bit-stream. For this reason, Huffman
coding usually requires the bit-stream to be pre-scanned to determine the
relative probabilities of tokens in the bit-stream. Alternatively, several
samples may be scanned to develop an average histogram of the probability
of certain tokens occurring in a bit stream. Arithmetic coding uses a similar
principle to Huffman coding, but does not require a lookup table for

encoding or decoding [£7].

A Huffman code is designed by merging together the two least probable
characters, and repeating this process until there is only one character
remaining. A code tree is thus generated and the Huffman code is obtained
from the labeling of the code tree. An example of how this is done is shown
below in table (¥-Y) [£VY].

Table (¥-Y) Example of Huffman input with probabilities

X |A B C D E F G H I J

-

P(X) | + VY [ e o¥Y [ ooy [ Ay [ yve [ e [ ey [T [ ed

L] LN ]
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The final static code tree is given below in figure Y-):

x| pix) K | Code

2| 017t 2 0.17¢ - . a |oo

b | 0031 hoos— [o+E b [111110
< | 0057 - 005 0239 c oo

4| ooee £ gosr—Ho0-1@ 1.000 d 1110

c| 0274 c 027F - - c |10

Buoild o 1 Assigh

£ | oos2 o, i Ol [ code  E|OTLL

g | o042 4 Doer - - o3 g [11110
h| o3 or— 0187

_ 4 : h oo

i| oo b 003 - oS o

i | ooo j ooom : A EEERER

Figure (¥-Y) Example of Huffman with its code

« It does not matter how the characters are arranged. | have arranged it
above so that the final code tree looks nice and neat.

« It does not matter how the final code tree are labeled (with +s and Vs). |
chose to label the upper branches with +s and the lower branches with Vs.

o There may be cases where there is a tie for the two least probable
characters. In such cases, any tie-breaking procedure is acceptable.

« Huffman codes are not unique.

« Huffman codes are optimal in the sense that no other lossless fixed-to-

variable length code has a lower average rate.

¥.¥.¥ Run Length Encoding RLE

Huffman coding is poorly suited for image data. Although you
could get general probabilities for various pixel intensities by sampling a
variety of images, the compression rate would not be very high and the
algorithm would not be as effective for all images. However, there are
generalizations one can make about images. Images often have long runs of

the same color due to objects having a consistent color. Images also have
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runs where the color is inconsistent. These runs usually occur at edges. Run
length encoding (RLE) takes advantage of this by encoding pixels as runs [£V].
One of the simplest methods for compressing data is known as Run-Length
Encoding (RLE).This method takes advantage of repeating data by encoding it
as a tuplet consisting of the number of repetitions and the repeating symbol or
number. Run-length encoding used exclusively generally only performs well on
highly correlated data [ £1].
The First byte sent indicates the type of run (one bit) and the length of the
run. In the event of a run of a single color the following bytes record the
color. Otherwise the following bytes are the colors of the pixels in the run.
Typically the color channels are treated separately because the color
channels vary independently. This technique can be taken a step further to a
bit oriented run length encoding where each bit plane of each color is treated
separately. Although the compression ratios will vary from image to image,
you can expect a compression ratio of Y:) for byte oriented run length
encoding .
¥.Y.¥ Arithmetic Coding
The main steps of arithmetic coding are as follows[£A ] :-

*_ start by defining the “current interval” as [+,)) .
*. repeat the following two steps for each symbol S in the input stream :

*.* divide the current interval into subintervals whose size are proportional
to the symbols probabilities .

* * select subinterval for S and define it as the new current interval.
*. when the entire input stream has been processed in this way, the output
should be any number uniquely identifies the current interval.
The symbols and the probabilities are written on the output stream before
any of the bits of the compressed code, and this will be the first thing input
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by the decoder. the encoding process starts by defining two variables LOW
and HIGH which define an interval [LOW , HIGH) as follow :-

LOW =LOW +RANGE* LOWRANGE (X)

HIGH = LOW +RANGE*HIGHRANGE (X)

Where RANGE= HIGH- LOW, LOWRANGE (X) and HIGHRANGE (X)
indicate the low and high limits of the range of symbol X, respectively. The
method reads the input stream symbol by symbol and appends more bits to
the code each time a symbol is input and processed .

An example of how this is done is shown below.

Given three symbols a',a¥,a¥ with probabilities pY=+.¢,pY=+.2  and p¥=-.),
respectively. The interval [+,)) is divided among the three symbols by
assigning each subinterval proportional in size to its probability. The three
symbols are assigned the subintervals [+,+.%), [+.£,+.9), and [+.3,)). To
encode the string “a¥, a¥, a¥ ,a¥” we start with the interval [+,)).

The first symbol a¥ reduce [+,") to[-.£,+.9) as follow :

LOW = ++(V-+)*+ ¢ HIGH =++()-+) *+ .4
The second symbol a¥ reduces [+.£,+.9) to [+.7,+.A®) as follows:
LOW = « &4(+. 30 £)* £ = HIGH =+ ¢+4(+.3-+ . £) *+ 3=+ A0

The third symbol a¥ reduces [+.1,+.A°) to[:.V,+.AY®) as follows :

LOW = + T(r . A0-s A)*0 £ =0 Y HIGH =+ .7+(+.A0-+ 7)) *+ 3=0 AYO
The fourth symbol a¥ reduces [+.V,*.AY®) to [+.AYYe, + AYe+) “and this is
the final code as follows :

LOW= +.Y4+(+ AYo-e ¥) « 4 =+ AVYYo HIGH =+ . V+(+.AYo-4 Y) *)1=. AYo

¥.Y Lossy Compression

In order to achieve compression ratios with complex images and

video sequence, lossy compression methods are required. as we said
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previously lossy compression provides tradeoffs between image quality and
degree of compression, which allows the compression algorithm to be
customized to the application. with some of more advanced methods, images
can be compressed with Y+ to Y+ times with virtually no visible
information loss and Y+ to ©+ times with minimal degradation, image
enhancement and restoration techniques can be combined with lossy
compression schemes to improve appearance of the decompressed image .

Lossy compression is performed in both spatial and transform domains such
as gray-level run —length coding, differential predictive coding, and block
truncation coding and vector quantization in spatial domain, transform

coding in transform domain .
¥.¥.) Gray —level Run Length Coding RLC

The Run Length Coding can also be used for lossy image
compression by reducing the number of gray levels value and then applying
RLC techniques. As with lossless techniques , for for this method to be
effective, the reduced image data (in natural code)needed to be mapped to a
gray code, where adjacent numbers differs only in one bit.

A more sophisticated RLC algorithm for encoding gray-level images is
called the dynamic window-based RLC. This algorithm relaxes the criterion of
the runs being the same value and allows for the runs to fall within gray-level
range, called the dynamic window range. This range is dynamic because it
starts out larger than actual gray-level window range, and maximum and
minimum values are narrowed down to the actual range as each pixel value is
encountered. This process continues until a pixel is found out of the actual
range. The image is encoded with two values one for the run length and one to

approximate the gray-level value of the run. This approximation can simply be
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the average of all the gray-level values in the run or a more complex method

may be used to calculate the representative value [£ ] .

An example of how this is done is shown below.

Assume the following pixels in sequence 1e 1V 17 1¢ A AT V.
and window range of @

The first value is called the reference value(in this case 1°).

A dynamic window range is then defined which,

MINIMUM = reference- (window length-) and,

MAXIMUM = reference+ (window length-Y) and,

In this case dynamic window is [1° - (°-)) Jto [Ve+(°-))]= 1) to 114,

The next value encountered 1V is used to adjust this range. The range based
on this value alone is from 1Y to V).

The new dynamic range is based on the intersection of the range from this
new value with the previous range, so the new range is 1Y to 14.

This process continues until the of AT is countered. At this point the range

has been narrowed down to 1Y to 1V so A% is out of range.Run Length= © ,

Gray-level =(Me+1V+11+1¢+aY)/e=0 |

¥.¥.Y Vector Quantization

For many years, vector quantization has been remain an important
processing stage for lossy image compression, which is typified by using only
subset of original data to approximate the input image data.

This make the technique ideal to break down the content of an image for the
creation of an efficient indexing key. However, several problem exist with
these techniques. Heuristic search methods, which attempt to perform a lengthy
search of all data points to determine the closest ones.ctor quantization is the

process of mapping a vector that can have many values to a vector that have



Chapter Three Compression Techniques £°'%

a smaller(quantized) number of values. for image compression, the vector
corresponds to a small sub-image, or block .

Vector quantized treats the entire sub-image (vector) as a single entity and
quantizes it by reducing the total number of bits required to represent sub-
image this is done by utilizing a codebook, which stores a fixed set of
vectors, and then coding the sub-image by using the index (address) into the
code book, this provides Y1:) compression, but note that this assumes that
the codebook is not stored with the compressed file. However, the codebook
will need to be stored unless a generic codebook that could be used for a
particular type of image is devised, then we need only store the name of that
particular codebook file .In the general case, better results will be obtained
with a codebook that is designed for a particular image . In this case,
including the codebook cut the compression in a half, from Y1:) to A:Y |
Now, how do we decide which vectors will be stored in the codebook ? This
is typically done by a training algorithm that finds a set of vectors that best
represents the blocks in the image[£9] .

This set of vectors is determined by optimizing some error criteria.
¥.¥.¥ Predictive Coding

Predictive coder directly utilize the fact that picture elements in local
regions are highly correlated with one another. Predictive coding is an image
compression technique, which uses a compact model of an image to predict
pixel values of an image based on the value of neighboring pixel. A model of
an image is a function model (X, y) , which computes (predict) the pixel value
at coordinate (X, y)of an image , given the values of some neighboring of pixel
(X, y), where neighbors are pixels whose values are known. Typically, when

processing an image in raster scan order neighbors are selected from the pixels
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above and to left of the current pixel for example, common set of neighbors
used for predictive coding is the set {(x-) ,y-)),(x,y-"),(x+Y,y-)),(x-),y)}.
Linear predictive coding is a simple, special case of predictive coding in
which takes the average of the neighboring values .There are two expected
sources of compression in the predictive coding based image compression.
First, the error signal for each should have a smaller magnitude than the
corresponding pixel in the original image (therefore they are requiring fewer
bits to transmit the error signal).

Second, the error signal should have less entropy than the original.To
complete the compression, the error signal is compressed by using an

entropy coding algorithm such as Huffman coding or arithmetic coding [£+] .
v.r.¢ Transform Coding

Is a form of block coding done in the transform domain the
image divided into blocks, or sub-images, and the transform is calculated for
each block .Any of the previously defined transforms can be used, frequency
(e.g.Fourier), or sequency (e.g. Walsh ), but it has been determined that DCT
transform is optimal for images. After transform has been calculated, the
transform coefficients are quantized and coded . The primary reason this
method is effective because the frequency / sequency transform of images
efficiently puts most of information into relatively few coefficients so that
many of high- frequency coefficients can be quantized to +. The simplest
form of transform coding is achieved by filtering, there are several type of
transform such as Discrete Fourier Transform, Discrete Cosine Transform
which explain in details in chapter two, Discrete Wavelet Transform.
In Discrete Wavelet Transform DWT the idea of wavelet theory is same to

Fourier idea-that the signal such as image can be decomposed into linear
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combination of set of basis functions in wavelet theory the basis functions
are function of two variable, translation and scale instead of one variable,
frequency as in Fourier, resulting in a transformation to representation with
varying degrees of frequency (scale) resolution and time (translation)

resolution. The wavelet basis functions y,, are called translated and scaled

versions of function y called the mother wavelet function. That is

Wap(t) = \/15 w(t;b) e(7)

where a is the scaling parameter and b is the translating parameter ,where

L is normalization of the energy of all wavelets.

Ja
This transform is used as alternative to DCT transform to provide

decompressed image with out artifacts [1].

¥.¢ Compression Video Techniques

There are several Video compression methods such as MJPEG,
MJPEGY:++, H.Y1x and MPEG group (),Y,¢) that explain in following

sections, but we must know the basic principles of image compression firstly.
¥.£.) Principles of Image Compression

A typical lossy image compression scheme is shown in Figure
(Y-Y) The system consists of three main components, namely, the source
encoder, the quantizer, and the entropy encoder. The input signal (image)
has a lot of redundancies that needs to be removed to achieve compression.
These redundancies are not obvious in the time domain. Therefore, some
kind of transform such as discrete cosine, Fourier, or wavelet transform is

applied to the input signal to bring the signal to the spectral domain.
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The spectral domain output from the transformer is quantized using some
quantizing scheme. The signal then undergoes entropy encoding to generate

the compressed signal [°+].

Compressed Signal
—

Input signal

Source Quantizer .| Entropy
 —

Encader "| Encoder

¥

Figure (¥-Y) explain Principles of Image Compression

Source Encoder An encoder is the first major component of image
compression system. A variety of linear transforms are available such as
Discrete Fourier Transform (DFT), Discrete Cosine Transform (DCT), and
Discrete Wavelet Transform (DWT).

Quantizer A quantizer reduces the precision of the values generated from
the encoder and therefore reduces the number of bits required to save the
transform co-coefficients. This process is lossy and quantization can be
performed on each individual coefficient. This is known as Scalar
Quantization (SQ). If it is performed on a group of coefficients together then
it is called Vector Quantization (VQ).

Entropy Encoder An entropy encoder does further compression on the
quantized values. This is done to achieve even better overall compression.
The various commonly used entropy encoders are the Huffman encoder,
arithmetic encoder, and simple run-length encoder. For improved
performance with the compression technique, it’s important to have the best
of all the three components.

Depend on this principles of image compression, there are two commonly
known algorithm are called JPEG which is used DCT transform coding in
source coding in figure (Y-Y) while JPEGY.++ which is used DWT

transform coding in it .
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In JPEG & JPEGY .+, Joint Photographic Experts Group , was tasked by
the International Telecommunication Union (ITU) and International
organization for Standardization (ISO) to develop of standard for the digital
compression and coding of continuous-tone still image, therefore JPEG is
suited to the compression of images that have been sampled from a more or less
continuous function, and these are typically images of naturals and
photographic nature, but not suited to the compression of schematics, line
drawings, cartoons, diagrams, or any other kind of image consisting largely of

sharply contrasted edge and large plain areas with little texture [ V][] .
¥.£.Y Motion JPEG(M- JPEG)

A digital video sequence can be represented as a series of JPEG
pictures, the advantages are the same as with single still JPEG-Picture
flexibility both in terms of quality and compression ratio. The main
disadvantage of M-JPEG is that since only series of still picture it make no use
of video compression techniques. The result is slightly lower compression ratio

for video sequence compared to “real” video compression techniques [©V].

¥.¢.¥ Motion JPEGY+ (M- JPEGY: ")

It is also can be used to represent a video sequence. The advantages is that
the blockiness of M-JPEG is removed, but replaced with a more over all fuzzy
picture, whether this fuzziness of M-JPEGY -+ + is preferred compared to the
“ blockiness” of M-JPEG is a matter of personal preference, also it is better
compression ratio compared to M-JPEG, but at the price complexity. The
disadvantage of its does not take any advantage of video sequence compression
this result lower compression ratio compared to real video compression
techniques [°V].In these two method M-JPEG & M-JPEGY:«+ compress

each frame of video sequence using JPEG & JPEGY -+ continuous —tone
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still image compression standard as shown in figure (¥-¥). As such its an
intra-frame compression scheme, it is use each frame as still image convert it
from RGB to digital YCbCr, then sub-sampled by using ¢:Y:Y and source
input format of image SIF (YeY*Y¢+), then used the same principles of

compressed image in section Y.Y.) [°Y].

2214

figure (¥-¥) Example of a sequence of three complete JPEG images

v ¢ ¢ H.YYX

Video conferencing and video telephony are the intended
applications for H.Y1Y, H.Y1Y ' and H.Y1¢ by ITU , it is also designed for
develop primarily for low bit — rate Integrated Services Digital Networks
(ISDN) services, to allow for low- cost implementations , H.Y1) fixes many
of the system parameters , only YUV color component separation with £:Y: -
sampling ratio is allowed by the standard [°Y]. In addition allow for only
two frame size CIF(YoY*YAA) & QCIF(YY1*)££) [oY] . All these techniques
based on motion compensation ,DCT transform for video coding
standard ,therefore two type of frames are defined ; key frame that are coded
independently and non- key frames that coded with respect to previous
frame , i.e. key frame coded as intra- frame , while non-key frame as inter-
frame [°Y].The data rate of coding algorithm was designed to be able to set
between ¢+ kbits/s and Ymbits/s [°£].



Chapter Three Compression Techniques @M%

v.£0 Video Compression — MPEG

One of the best-known audio and video streaming techniques is the
standard called MPEG (initiated by the Motion Picture Experts Group in the
late Y2A+s). These algorithm developed from H.Yx and JPEG algorithms it
use YUV color component for PAL & YQI for SECAM color component
separation with £:Y:+ sampling ratio is allowed by the MPEG standard, it
accept any frame size such as SIF, CIF, QCIF, and Sub-QCIF also these
algorithm based on motion compensation, DCT transform for video coding
standard [°Y].Sequence of video frames are compressed by using three type
of image |-, B-, and P-frames may look as below in figure (¥-¢) , which are
defined as[°° ]

*, Intra —picture Coding

Intra —picture, or | —picture are coded using only information present in
the picture itself like JPEG.

*. Predictive —picture Coding

Predicted pictures, P —pictures are coded with respect to the nearest
previous I- or P- picture, this technique is called forward prediction .

*. Bidirectional —picture Coding
Bidirectional —picture, or B-picture that use both a past and future

picture as a reference, this technique is called Bidirectional prediction .

R~ A A
=~

Figure (¥-¢) sequence of frames compressed in three type with MPEG
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To compare MJPEG with MPEG the second algorithm is better than MJPEG
because of the result of applying MPEG video compression is that the amount
of data transmitted across the network is less than that of Motion JPEG. This is
illustrated below where only information about the differences in the second
and third frames is transmitted as illustrated in figure (¥-°) i.e .only the motion

is compressed [°Y] .

£x

Figure (¥-¢) illustrate differences between successive frame

The MPEG algorithm can be classified into three types.
.ty MPEG-)

The MPEG-) standard was released in Y32Y with the target application
of storing digital video onto CDs. Therefore, most MPEG-) encoders and
decoders are designed for a target bit-rate of about Y.°Mbit/s at CIF resolution.
For MPEG-), the focus is on keeping the bit-rate relatively constant at the
expense of a varying image quality, typically comparable to VHS video quality.
The frame rate in MPEG-) is locked at Y (PAL)/Y+ (NTSC) fps. [°Y]
¥.¢.0.Y MPEG-Y

MPEG-Y was approved in Y42¢ as a standard and was designed for
High Quality Digital Video (DVD), Digital High-Definition TV (HDTV),
Interactive Storage Media (ISM), Digital Broadcast Video (DBV), and
CAble TV (CATV). The MPEG-Y project focused on extending the MPEG-
} compression technique to cover larger pictures and higher quality at the
expense of a lower compression ratio and higher bit-rate. MPEG-Y also
provides additional tools to enhance the video quality at the same bit-rate;

thus producing very high image quality when compared to other
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compression technologies. The frame rate is locked at Y° (PAL)/™+ (NTSC)
fps, just as in MPEG-) [¢£].
v.¢.0¥Y MPEG-¢

The MPEG-¢ standard was approved in Y+« + and is a major development
from MPEG-Y. In this section we’ll take a brief look MPEG-¢ to fast
understand terms and aspects such as:
Ve MPEG-¢ profiles
Ye« MPEG-¢ short header and MPEG-¢ long header
Ye MPEG-¢ and MPEG-¢ AVC
¢«MPEG-¢ Constant Bit-Rate (CBR) and MPEG-¢ Variable Bit-Rate (VBR)
e Positioning MPEG-Y, MPEG-Y, and MPEG-¢
As a major development from MPEG-Y, there are many more tools in
MPEG-¢ to lower the bit-rate needed to accomplish a certain image quality
for a certain application or image scene.
Furthermore, the frame rate is not locked at Y¢/Y+ frames per second.
It’s important to note however, that most of the tools used to lower the bit-rate
are relevant today only for non-real time applications. This is because some of
the new tools need so much processing power that the total time for encoding
and decoding (i.e. the latency) makes them impractical for applications other
than studio movie encoding, animated movie encoding, and the like. In fact,
most of the tools in MPEG-¢ that can be used in a real time application are the
same tools that are available in MPEG-Y and MPEG-Y.
Another enhancement with MPEG-£ is the larger number of profiles and profile
levels (explained below) that cover a wider range of applications, everything
from low bandwidth streaming to mobile devices, to applications with
extremely high quality and almost unlimited bandwidth demands. The making

of studio movies is one such example[°1].
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1. MPEG- ¢ Profiles

Because of the large number of techniques (tools) available in MPEG
(especially MPEG-¢) to reduce the bit-rate, the varying complexity of these
tools, and the fact that not all tools are applicable to all applications, it would
have been unrealistic and unnecessary to specify that all MPEG encoders
and decoders should support all available tools. Therefore subsets of these
tools for different image formats and target bit-rates have been defined[°Y].
There are a number of different subsets defined for each of the MPEG
versions. Such a subset of tools is called an MPEG Profile. A specific
MPEG Profile specifies exactly which tools the MPEG decoder shall support.
In fact the requirements are in the decoder and the encoder does not have to
make use of all available tools.
Furthermore, each profile exists at different Levels. The Level specifies
parameters such as maximum bit-rate and supported resolutions. By
specifying the MPEG Profile and Level, it’s possible to design a system that
only uses the tools in MPEG that are applicable to the target application.
MPEG-¢ has a number of different profiles. Among them Simple Profile and
Advanced Simple Profile are the most commonly used in security
applications. While many tools are used by both of these profiles, there are
some differences. For example, Simple Profile supports I-, and P- (frames),
while 1-, B-, and P- (frames) need to be supported by Advanced Simple
Profile. Another difference between Simple Profile and Advanced Simple
Profile is the supported range of resolutions and bit-rates, denoted by the
Level. While Simple Profile goes up to CIF resolution and YA¢ kbit/s (at the
LY level) , Advanced Simple Profile goes up to ¢CIF resolution and A+« -
kbit/s (at the L level).
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Y. MPEG- ¢ short header and long header

Some network video streaming systems specify support for “MPEG-£ short
header,” so it’s important to understand this term. In fact it’s nothing more than
an H.Y1Y video stream encapsulated with MPEG-¢ video stream headers.

MPEG-¢ short header does not take advantage of any of the additional tools
specified in the MPEG-¢ standard. MPEG-¢ short header is only specified to
allow backwards compatibility with the H.Y1Y recommendation for video
conferencing over ISDN and LAN. For practical purposes, MPEG-¢ short
header is identical to H.Y1Y encoding/decoding, which gives a lower quality
level than both MPEG-Y and MPEG-¢ at a given bit-rate.

The image and video quality in “short header” is not close to that of true

MPEG-¢, since it does not make use of techniques that allow it to filter out
picture information that is not visible to the human eye.To clarify a network
video streaming system specification, support for MPEG-¢ is sometimes
denoted “MPEG-£ long header,” which in other words is the mode where the
MPEG-¢ compression tools are being used[°1].

*MPEG- ¢ part !+ (Advanced Video Control)

MPEG-¢ AVC, also referred to as H.Y1¢, is a further development in which
MPEG has a completely new set of tools that add more advanced compression
techniques to further reduce the bit rate at a given image quality. Being more
complex also adds performance requirements & cost, especially for the encoder,
to the network video streaming system[°Y].
¢«Constant bit-rate (CBR) and Variable bit-Rate (VBR)

Another important aspect of MPEG is the bit-rate mode that is used. In
most MPEG systems, it’s possible to select if the bit rate should run in CBR
mode or VBR mode. The optimal selection depends on the application and

available network infrastructure. With only limited bandwidth available, the
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preferred mode is normally CBR, since this mode generates a constant and
predefined bit-rate. The disadvantage is that image quality will vary and
while it will remain relatively high when there is no motion in the image
scene, the quality will significantly decrease with increased motion.
The VBR mode on the other hand will maintain a high, if so defined, image
quality regardless of motion or no motion in the image scene. This is often
desirable in security and surveillance applications when there is a need for
high quality, especially if there is motion in the picture. Since the bit-rate in
VBR may vary, even though an average target bit-rate is defined, the
network infrastructure (available bandwidth) for such a system needs to have
this capacity[°Y].
¢« Positioning MPEG-Y, MPEG-Y, and MPEG- ¢

The illustration below shows MPEG-¢’s much wider scope relative to
MPEG-) and MPEG-Y, which were developed for more specific applications.
While MPEG-) was developed for digital video on CD-ROM, MPEG-Y was
developed with DVD and high-definition television in mind. MPEG-¢ on the
other hand does not have such specific target applications and may be
appropriate from the studio down to cellular phone applications, so that the
horizontal axis represent group of MPEG methods which are developed for
different application which represent the quality of application in vertical axis

[°7]

Quality
Advanced
Simple Profile

/

A

Video CD -

Cell phones

‘/S'mple Profile

Figure ¥-1 illustrate Positioning MPEG-Y, MPEG-Y,and MPEG-¢
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¥.¢ ¢ ¢ Advantages and Disadvantages for M-JPEG,
MPEG-Y and MPEG-¢ Due to its simplicity, M-JPEG is a good

choice for use in many applications. JPEG is a widely available standard in
many systems often by default.

It’s a simple compression/decompression technique, which means the cost, in
both system time and money, for encoding and decoding is kept low. The time
aspect means that there is limited delay between image capturing in a camera,
encoding, transfer over the network, decoding, and

finally display at the viewing station. In other words, M-JPEG provides low
latency due to its simplicity (image compression and complete individual
images), and for this reason it’s also well suited for when image processing is
to be performed, for example video motion detection

or object tracking.

Any practical image resolution, from mobile phone display size up to full video
(¢CIF) image size, is available in M-JPEG. It also gives a guaranteed image
quality regardless of movement or complexity of the image scenes. It still
offers the flexibility to select either high image quality (low compression) or
lower image quality (high compression) with the benefit of lower image file
sizes, thus lower bit-rate and bandwidth usage. At the same time the frame rate
can be easily controlled, providing a means to limit bandwidth usage by
reducing the frame rate, but still with a guaranteed image quality.

Since M-JPEG doesn’t make use of a video compression technique, it generates
a relatively large amount of image data that is sent across the network. For this
reason, at a given image compression level (defining the image quality of the I-
frame and JPEG image respectively), frame rate, and image scene, the amount
of data per time unit sent across the network (bit-rate) is less for MPEG

compared to M-JPEG, except at low frame rates as described below.
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relatively high image quality at a lower bit-rate (bandwidth usage). This can be
especially important if the available network bandwidth is limited, or if video is
to be stored (recorded) at a high frame rate and there are storage space
restraints. The lower bandwidth demands come at the cost of higher complexity
in encoding and decoding, which in turn contributes to a higher latency when
compared to M-JPEG. One other item to keep in mind: Both MPEG-Y and
MPEG-¢ are subject to licensing fees. The graph below shows in figure (Y-Y) in
principle how bandwidth use between M-JPEG and MPEG-¢ compares at a
given image scene with motion. As can be seen, at lower frame rates, where
MPEG-¢ compression cannot make use of similarities between neighboring
frames to a high degree, and due to the overhead generated by the MPEG-¢
streaming format, the bandwidth consumption is actually higher than M-
JPEG[°1].

It is clear from the graph when the frame rate is low the MPEG-¢ can not use
the similarities between neighboring frames therefore require higher bandwidth
than the M-JPEG to same frame rate ,but when frame rate is high the MPEG-¢
does not require to higher bandwidth than the M-JPEG, because it use the

similarities at higher degree as shown in graph.

Variable bit rate (VBR) MPEG-4

M-JPEG

MPEG-4

Bandwidth

Y

Frame rate

Figure (¥-V) illustrate bandwidth use between M-JPEG and MPEG- £
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¥.2 AVI Movie File

The Microsoft AVI file format is a RIFF(resource interchange file format)
which is a document format file specification used with applications that
capture, edit, and play back audio-video sequences. In general, AVI files
contain multiple streams of different types of data. Most AVI sequences use
both audio and video streams. A simple variation for an AVI sequence uses
video data and does not require an audio stream.[eV][°A] .

AVI (Audio Video Interleave)

The Audio Video Interleave file format was originally developed by Microsoft
for Intel. The AVI format is now marketed as “Video for Windows”. Due to the
wide user base of Microsoft Windows, the AVI format has become very
popular. Extension: .avi

AVI RIFF Form

AVI files use the AVI RIFF form. The AVI RIFF form is identified by the four-
character code ~AVI " — which A FOURCC (four-character code) is a Y'Y-bit
unsigned integer created by concatenating four ASCII characters. The AVI file
format uses FOURCC codes to identify stream types, data chunks, index
entries, and other information-. All AVI files include two mandatory LIST
chunks. These chunks define the format of the streams and stream data. AVI
files might also include an index chunk. This optional chunk specifies the
location of data chunks within the file. An AVI file with these components has

the following form:

RIFF (AVI'
LIST (Chdrl'...)
LIST (‘'movi' ...)
['idx)' (<AVI Index>) ]
)



Chapter Three Compression Techniques @W%

The 'hdrl' list defines the format of the data and is the first required LIST
chunk. The 'movi' list contains the data for the AVI sequence and is the
second required LIST chunk. The 'idx\" list contains the index. AVI files

must keep these three components in the proper sequence.
AVI Main Header

The 'hdrl' list begins with the main AVI header, which is contained in an
‘avih' chunk. The main header contains global information for the entire AVI
file, such as the number of streams within the file and the width and height
of the AVI sequence. The main header chunk consists of the
AVIMAINHEADER structure defines global information in an AVI file.

typedef struct _avimainheader {
FOURCC fcc;
DWORD cb;
DWORD dwMicroSecPerFrame;
DWORD dwMaxBytesPerSec;
DWORD dwPaddingGranularity;
DWORD dwrFlags;
DWORD dwTotalFrames;
DWORD dwinitialFrames;
DWORD dwsStreams;
DWORD dwsSuggestedBufferSize;
DWORD dwWidth;
DWORD dwHeight;
DWORD dwReserved[¢];
} AVIMAINHEADER,;
Fcc:Specifies a FOURCC code. The value must be ‘avih'.
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Chb:Specifies the size of the structure, not including the initial A bytes.

dwMicroSecPerFrame :Specifies the number of microseconds between

frames. This value indicates the overall timing for the file.

dwMaxBytesPerSec :Specifies the approximate maximum data rate of the file.
This value indicates the number of bytes per second the system must handle to
present an AVI sequence as specified by the other parameters contained in the

main header and stream header chunks.

dwPaddingGranularity: Specifies the alignment for data, in bytes. Pad the

data to multiples of this value.

dwFlags: Contains a bitwise combination of zero or more of the flags
dwTotalFrames:Specifies the total number of frames of data in the file

dw InitialFrames :Specifies the initial frame for interleaved files. Non
interleaved files should specify zero.

dwStreams : Specifies the number of streams in the file. For example, a
file with audio and video has two streams.
dwSuggestedBufferSize:Specifies the suggested buffer size for reading
the file.

dwWidth :Specifies the width of the AVI file in pixels.

dwHeight: Specifies the height of the AVI file in pixels.

dwReserved : Reserved. Set this array to zero.
AVI Stream Headers

One or more 'strl' lists follow the main header. A 'strl' list is required for each
data stream. Each 'strl' list contains information about one stream in the file,
and must contain a stream header chunk (‘strh’) and a stream format chunk
(‘strf). In addition, a 'strl' list might contain a stream-header data chunk ('strd")

and a stream name chunk ('strn’).
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The stream header chunk ('strh’) consists of an AVI Stream Header structure .
AVIOLDINDEX Structure

The AVIOLDINDEX structure describes an AVI Y.+ index ('idx)' format).

New AVI files should use an AVI Y.+ index ('indx' format).syntax

typedef struct _avioldindex {
FOURCC fcc;
DWORD cb;
struct _avioldindex_entry {
DWORD dwChunkld;
DWORD dwkFlags;
DWORD dwOffset;
DWORD dwSize;
} alndex([];
} AVIOLDINDEX; Members
fcc :Specifies a FOURCC code. The value must be "idx\".
Cb :Specifies the size of the structure, not including the initial A bytes.
dwChunkld :Specifies a FOURCC that identifies a stream in the AVI file. The
FOURCC must have the form 'xxyy' where xx is the stream number and yy is a
two-character code that identifies the contents of the stream: such as db means
Uncompressed video frame , dc means Compressed video frame , and wb

means Audio data
dwFlags : Specifies a bitwise combination of zero or more of the flags:

dwOffset :Specifies the location of the data chunk in the file. The value should
be specified as an offset, in bytes, from the start of the 'movi' list; however, in

some AVI files it is given as an offset from the start of the file.

dwsSize : Specifies the size of the data chunk, in bytes.
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¢,V Introduction

In the previous chapters, we introduce a number of video
compression methods and introduce the AVI data structure under which
windows deals with, in this chapter we shall introduce to the proposed

compression system which is shown in figure (¢-)).

U&V .| Sampling
i €Y

Open AV file Sequence | TC Y | DCT Quant . Zigzag
Convert to image Tmage ™ yyyv | 4 Scan

A 4

VY

Motion
On Skew

No. oflKeyFrame

A 4
Compressed. RLE
file Coding

Figure (¢-V) block diagram of Coder in the proposed system

The proposed system consist of two parts : the first part is the Coder which
contain several stages as shown in figure (¢-)) which represent the
compression of movie file and the second part is Decoder which contain
several stages as shown in figure (£-Y), in the next sections we explain each

part in details .
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Compressed | I- | 1-Zigzag | DE- | 1-
File | RLE | Scan "| Quant | DCT
No. of KeyFrame | 1 _Motion |, v v&v
I-Sampling
A 4
Reconstruct [Sequence I-TC |,

AVIFile | Image YUV

Figure (¢-Y) block diagram of Decoder in the proposed system

£.Y Coder Part

This part consist of several algorithms which are needed to compress
video data into another form stored in compressed file. These algorithms

will be explained as follows :

£.Y.) Open AVI File & Convert to Image

In this stage we proposed algorithm to open AVI structure and reach to
list movie (i.e. sequence frames / images ) — which are needed in the next

stages to compress it — and we can summarize the open AVI file in few steps :

Algorithm €.} Open AVI File & Convert To Image

Input :- AVI Video File .
Output:- Sequence image stored in three matrices called Red (row, col),
Green (row, col), and Blue (row, col) image.
step V: call convert function ASCII to long
step Y: open riff .AVI file
step ¥: read AVI header , read AVI index
step ¢: search for the Movie list
step ©: for | = Y to frames number Do
search for initiate “+ +db”
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for Row = height downto ) Do
for Col = Y to width Do
read RGB pixels with split it into three images RED, GRN ,and
BLU as
RED[Row , Col ] = RGB pixel .R
GRN[Row , Col ] =RGB pixel .G
BLU[Row , Col ] = RGB pixel .B
STEP 1. END.
In this algorithm the function (ASCII to long) was used to convert FCC

ASCCII character to long for example convert FCC RIFF to long by calling
ASCII to long (“R”,’T”,”F”,”F”) to open AVI file, then after that take
information from AVI header such as total frame , height , and width of the
image and then search for list movie using search function about key word
“MOVI”, when we reach make a loop from one to sequence of image (frames)
then search about keyword “* +db” which is the initial of each frame, then make
two loops form height and from width respectively to read RGB pixel image,
and split it into three bands that save it into three individual matrices called

RED,GRN, and BLU which are used in the next stage called Transform Color .
¢€.Y.Y Transform Color YUV

The ‘Transform Color YUV’ perform algorithm to convert RGB
pixels into Luminance / Chrominance components by using YUV European
which convert Red into Luminance called Y and the value lies in [+,Y°o°] while
convert Green and Blue to color information called Chrominance U and V
respectively which is a bipolar value (i.e. positive & negative ), the range for
Uis [[VYY , YY) and V is [-YeY | YeV], this conversion is efficient in
compression. The following algorithm describe the process of conversion :

Algorithm £.Y Transform color YUV

Input:- Red (row, col), Green (row, col), and Blue (row, col) image matrices.
Output:- Y(row, col) luminance image, U (row, col) & V (row, col)
chrominance image which carry color informations.
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STEP V: for | = to frames number Do
for row = ) to height Do
for col =Y to width Do

STEP Y:

STEP ¥

STEP ¢:

STEP @:

Let R = REDI[I, row, col ]
Let G = GRN[I, row, col ]
Let B =BLUJl, row, col ]
Y= YA *R+ . 0AY*G+ V¢ *B
If Y <+ then
Y=
Else if Y>Yeo then
Y=Yoo
End if
U= +VEVY*R -+ YAA*XG + . ¢¥1*B
If U<-Y)Y then
U=-Y Y
Else if U>))Y then
UE=ARR
End if
V: n_W\D*R_ n.O\O*G- h‘\hh*B
If V<-YeVthen
V=-\eoVv
Else if V>)eV then
V=\ov
End if
Let RED[Il,row,col]=Y
Let GRNI[I, row,col]=U
Let BLU[I, row,col]=V

STEP “:END .
£€.Y.Y Sub-sampling ¢:Y:

The sub- sampling take only U and V components (i.e. chrominance)

which carries color information and apply the algorithm which reduce each

color component to half by dividing by two in both direction height and

width to reduce the size that take in compressed file

Algorithm £.Y Sub - sampling ¢:Y:-

Input:- Two color component U (row, col) & V (row, col)matrices.
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Output:- Sampling U (row/Y, col/Y) & V (row/Y, col/Y) into half size.
STEP Y: Let DH = height/ Y : DW = width / ¥
STEP Y: for | =Y to frames number Do
forrow= Y to DH Do
forcol =) to DW Do
Let PY =GRN[l,row*Y  col*Y ]
Let PY = GRNI[I, row * Y+) ,col * ¥ ]
Let PY = GRN[I, row* Y | col * Y+) ]
Let P¢ = GRNJI, row * Y+), col * Y+)]
LetPe= BLU[l,row™*Y ,col*Y ]
Let P17 = BLUJ[l,row > Y+) ,col *Y ]
Let PV = BLU[l,row* Y ,col * Y+) ]
Let PA= BLUJl, row * Y+), col * Y+]
STEPY: Let GRN) =(PY+PY+PY+P%) /¢
Let BLU) =(P°+P1+PVY+PA) /¢
STEP ¢: END

£.Y.¢ Motion Based on Skew

The motion based on skew take only Y luminance component of
sequence frame and calculate the skew for each image (frame), then make
absolute difference for successive frames and compare the result with some
threshold -the threshold value will be indicated by the user in the proposed
system, the threshold value is «.+Y- which is chosen to split sequence image
into scenes based on skew and comparison, then in each scene copy the first
frame as key frame and then make the difference between key frame and
successive frame to reduce pixel value because the successive frame contain
many identical information, after that stored the number of key frame of each
scene in compressed file, we can explain motion algorithm in few steps :

Algorithm £.¢  motion based on skew

Input:- Y (row, col) luminance image matrix .

Output:- Differences of successive Y (row, col) image with key frame
number.

STEP Y: Let key frame (1) =) : count of key frame =Y

STEP Y: for | = Y to frames number Do
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If skew (I) - skew(l-)) >= Threshold then
V. key frame (count of key frame ) =1
Y. increment count of key frame by )
END if
END for
STEP Y : store key frame in compressed file
STEP ¢:.Copy Of Key Frame In Each Scene
For nframs = Y to count of key frame Do
For row =) to height Do
For col = Y to width Do
Let MRED (key frame (nframs),row ,col) = RED(key frame
(nframs),row ,col)
END for Col
END for Row
STEP ©e:Calculate Of The Differences
For | = (key frame (nframs)+)) to (key frame (nframs+"))
If 1 <> (key frame (nframs+))) then
For row = ) to height
For col = ) to width
Let MRED (l,row ,col) = RED(Il,row ,col)- RED(I-,row ,col)
END for Col
END for Row
Else
Goto STEP VY
End if
STEP %: END For |
STEP V: END For nframes
STEP A: END.

£.Y.¢ DCT Transformation & Quantization

The transform DCT apply algorithm to the three Y, U, and V images
matrices to transform image data from spatial domain to frequency domain by
dividing each frame into block of A*A pixels and apply DCT transform to each
block A*A pixel value to produce ¢ coefficients. And Then apply algorithm of
quantization to A*A block of DCT coefficients to increase the number of zero
coefficient by increasing R factor which is used in (Y+(row + col)*Y +) to divide

DCT coefficients and to avoid negative coefficients by using normalized
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operation by computing the maximum coefficient and minimum coefficient
can be obtained by the DCT transform in block and then difference the
minimum value from the maximum to produce positive value of coefficients.
£€.Y.1 Zigzag Scan & RLE

The process of zigzag scan apply algorithm to convert quantized coefficients
block A*A into one dimensional vector of 1¢ coefficient scan in zigzag type
which is useful to accumulate the coefficients that closely same together, and
then run length encoding algorithm is applied to ¢ coefficients of one-
dimensional read in zigzag scan type, to reduce the repetition of the coefficient
value which are similar especially zero coefficients that produced by DCT
transform and Quantization by counting the number of repetition of coefficients
of the same value which represent the counter followed by coefficient value
such as AA AA AA AN AN AA stored as (7 ,AA), Lyr in RLE represent number of

red, green or blue the RLE can be summarized in few steps:
Algorithm ¢.¢ RLE

Input:- Y-D block of 1¢ coefficients DCT .
Output:- pairs of RLE (count ,value) of block coefficients.
STEP V: let Curpos =+ : Count =+
STEP Y. DO
Let cChar= ZRed[Curpos]
call sub BYRUN (Curpos , ZRed[Curpos], run, ZRed[ ])
STEP Y:if run =Y then
V. Let temp (Count) =cChar : Y. increment Count by )
Else If Count <> then
Call sub write run ¥ (Temp , Count , Lyr Curpos)
Let Count =+
End if
Call sub write run Y (cChar , run, Lyr Curpos)
End if
STEP 7: loop until Curpos >=1Y
STEP V: PUT FRLE (Lyr , Curpos) in compressed file
STEP A:END.
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The sub BYRUN used to count the repetition of coefficient value in each 1¢
— coefficients of Y-D, while write runY used to store coefficient of different
value in each ¢ — coefficients of Y-D and write run Y used to store

coefficient of same value in each ¢ — coefficients of V-D .
£.Y Decoder Part

This Part consist of several algorithms which are needed to decompress
video data from compressed file (i.e. inverse compression operation ) as in

figure £-Y thus we explain the work of this part in details in following sections .
¢ Y.\ Inverse of RLE & Inverse of Zigzag Scan
The inverse run length coding algorithm read from the compressed
file ,byte after byte ,the first byte represent count , if count not equal to ¢
then read data and decompress repetition by the following steps :
Algorithm ¢.7  Inverse-RLE

Input:- pair of RLE (RLEcount, value).
Output:- Y-D block of ¢ coefficients of DCT.
STEP Y: let Cur =):Count =)
STEP Y: read from compressed file length
STEP Y: DO while Cur <= length
V. read from compressed file RLECount
Y. increment Cur by
STEP ¢:if RLECount > 1 ¢ then
V. RLECount=RLECount-)4)
Y. read from compressed file cChar
Y. increment Cur by )
¢.for J=to RLECount
°, FRLE (Lyr,Count) =cChar
1.increment Count by )
Y. End for
Else
V.for J=to RLECount
Y. read from compressed file cChar
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Y.increment Cur by )
¢. FRLE (Lyr,Count) =cChar
°.increment Count by
1. End for
End if
STEP °:loop While
STEP 1: END.
After that we apply the inverse zigzag scan take ¢ coefficients of Y-D from

FRLE (Lyr, Count) produced by inverse RLE, and apply inverse zigzag

algorithm to convert them from -D of 1 ¢ coefficients to Y-D of A*A block.

£ Y.Y De - Quant & Inverse of DCT

In this process which is the inverse of quantization take the Y-D
coefficients of block A*A from the inverse zigzag scan and multiply by
factor R in equation (Y+(row + col)*Y +) to increase the value of coefficients
to reach nearly from source value coefficient or same it that produced by
DCT transform, since rounding in quantization process lead to that lose |,
also we can inverse the normalization to obtain the negative value of
coefficient ,then apply process if Inverse of DCT ,in this process the
quantized coefficients of block A*A are take as input to inverse DCT
transform to produce RED,GRN, and BLU image matrices which are used in

the next algorithm.
¢ Y.¥ Inverse of Sub-Sample ¢:Y:»

This process take U& V only color component (i.e. GRN ,and BLU
image matrices ) to make inverse of sub- sample by increasing U& V by

multiplying by two in both direction horizontal and vertical , next algorithm

represent it :
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Algorithm £.V Inverse of Sub - sampling ¢:Y:-

Input:- Image matrix of U (row/Y, co/Y) & V (row/Y, col/Y) which sampling
into half size .

Output:- Image matrix of U (row, col) & V (row, col) which inverse
sampling into full size
STEP Y: Let DH = height/ Y : DW = width / ¥
STEP Y: For | =) to frames number Do
Forrow= Y to DH Do
Forcol =) to DW Do
Let PY = GRNI[I,row ,col ]
Let PY = BLUJ[Il,row ,col ]
STEPY:. Let GGRN I, row*Y | col*Y ]=P)
Let GGRN[I, row* Y+) ,col* Y ]=P)
Let GGRNJ[I, row* Y | col * Y+) ]=P)
Let GGRNII, row * Y+, col * Y+1]=P)
Let BBLU[lI,row* Y ,col*Y ]=PY
Let B BLU[l, row* Y+)  col*Y ]=PY
Let BBLU[I,row* Y ,col * Y+ ]=PY
Let BBLUJI, row * Y+, col * Y+)]=PY
STEP ¢: END

£.Y.¢ Inverse of Motion

This process only read the key frame number from compressed file
and compare it with frame number output from I-DCT process. If it is equal
copy, the frame is as key frame otherwise add the output frame of I-DCT
process to previous frame this process apply only on Y luminance component

in the next algorithm :

Algorithm ¢€.A  Inverse-motion based on skew

Input:- key frames numbers from compressed file with differences image.
Output:- construct sequence image by adding difference image to key image.
STEP Y: read key frame from compressed file
STEP Y: Let count = keyframe number
STEP Y: Let keyframe = number of frame
STEP ¢: Copy Of Key Frame

For nframs = ) to count Do
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For row = to height Do
For col = ) to width Do
Let RRED (key frame (nframs),row ,col) = RED(key frame
(nframs),row ,col)
END For Col
END For Row
STEP ©: calculate the addition of successive frame
For | = (key frame (nframs)+)) to (key frame (nframs+"))
If 1 <> (key frame (nframs+))) then
For row = to height Do
For col = ) to width Do
Let RRED (I,row ,col) = RED(I,row ,col)+ RED(I-Y,row ,col)
END For Col
END For Row
Else
Goto STEP VY
End if
STEP 1: END For |
STEP V: END For nframes
STEP A: END.

£.Y.2 Inverse of TC YUV to RGB

This algorithm take Y ,U , and V three image matrices and apply
the equation that transform them from YUV to RGB pixel channel which
merge together to produce sequence of image in small algorithm :

Algorithm £.9 Inverse-Transform color YUV to RGB

Input:- Y (row, col) luminance image ,U (row, col) & V (row, col)
chrominance image which carry color informations.

Output:- :-  Red (row, col), Green (row, col), and Blue (row, col) image
matrices.
STEP Y: for | =Y to frames number Do

for row = ) to height Do

for col = Y to width Do

Let Y = RREDI[I, row, col ]
Let U=GGRNII, row, col ]
LetV =BBLUI[I, row, col ]



Chapter Four The Proposed System %N%

STEPY: R=Y +).)i*V

If R< + then =
Else if R>Y®e¢ then R=Yoo
End if

STEPY: G=Y- - Yio*U- . oMV*V
If G< «then =
Else if G>Y2¢° then G=Yeo
End if

STEP ¢ B=Y+Y..YY*U
If B < then ==
Else if B>Ye° then B=Yeo
End if

STEP©°: LetRED][l,row,col]=R: Let GRNJ[I,row,col]=G
Let BLU[Il,row,col]=B
STEP V. END .

£.Y.1" Reconstruct AVI

Write AVI block is the last stage of the Decoder , in this stage we
form the structure of AVI movie file to play back again by using sequence
images that obtained from previous stages of the Decoder which extract them
from compressed file by using two process load AVI header which are used to
store the all information needed to write AVI file and write AVI1 file algorithm

which explain in details below :

Algorithm €.) « Write AVI
Input:- information of AVI header and structure with sequence image.
Output:- AVI movie file.

STEP ): Let frame size = AVIPACK . bmpsize
STEP Y: searchstr =-
STEP Y: DO

Read from AVI long str
If AVIstr =long str then
V. searchstr =loc(AVIf)
Y. exit DO
end if
STEP ¢:loop until EOF(AVIT)
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STEP @: Putin AVIf AVI PACK
STEP :Let AVIIndx.offset = offset value
STEP VY: Put in AVIf AVI Indx
For | = to Indxsize- len(AVIIndx)
Putin AVIfb
END for
STEP A: Putin AVIf FCCLIST: Put in AVIf CLng (size of list)
Put in AVIf FCCodml: Put in AVIf FCCdmlh
Put in AVIf CLng (size dmlh):Put in AVIf AVI PACK .total frame
STEP 4 :for | = to size of list - ¢
Put in AVIf Chyte (+)
End for
STEP Y:: Putin AVIf FCC Junk
Let Junksize = CLng(offset value -loc(AVIf) -1 1
Put in AVIf Junksize
For | =) to Junksize
Put in AVIf Chyte(+)
End for
STEP Y): Putin AVIf FCCLIST
Let Mloc=loc(f): Put in AVIf CLng(})
Movielist size = loc(f): Put in AVIf FCCmovi
Let ix+ +pos= loc(f): Put in AVIf IX
Let c= IX+ +pos+) 1+AVIIndxsize
For | =Y to IX.ENteries
Put in AVIf CLng(c): Putin AVIf frame size

Enteries (1,Y)= CLng( c): Enteries (I,Y)=frame size
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Let c= c+frame size+A
End for
STEP YY: for | =) to IX.Enteries
Putin AVIf FCC ++db: Putin AVIf frame size
For row =AVIPACK.bmp height to Ydecrease by )
For col =) to AVIPACK.bmp width increase by )
Putin AVIf Chbyte BBLU(I ,row,col)
Putin AVIf Cbyte GGRN(I ,row,col)
Putin AVIf Chbyte RRED(I ,row,col)
End for :End for
End for
STEP YY: Let movie listsize =loc(f)- movielistsize
Putin AVIf FCCldx): Putin AVIf CLng(indxsize+)1)
Putin AVIf FCCVYfxx: Putin AVIf CLng(+)
Putin AVIf IX-+pos: Putin AVIf CLng(*)
STEP Yé:for I =) to IX.enteries
Putin AVIf FCC: «db: Putin AVIf CLng())
Put in AVIf Enteries (1,Y): Put in AVIf Enteries (I,Y)
End for
STEP )e: Let RIFFsize = loc(f)
AVIPACK.RIFFsize= CLng (RIFFsize)
AVIPACK.AVIlistsize=CLng(offset value -¥'Y )
Put in AVIf in first location AVIPACK.RIFFsize
Put in AVIf in( Mloc+))CLng(movilistsize)
STEPYV. END.
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.Y THE Experimental Result:

.Y.) Result of Video Clip Movie Files

In this chapter we test the proposed compression system on different
video clip files that represent in Table (°.)) to obtain CR with PSNR to

measure the quality of de compressed movie file by using :-

APSNR= (, o log, @55° ) )/ Total Frame

To calculate the average PSNR of movie file ,these seven video clip were vary
therefore have different CR with different PSNR . The results of test were

summarized below.

Table (°.Y)Shows CR, average PSNR for each of the three
component R, G, B , average PSNR of RGB of whole video clip & Total

channel

frame .
No. Movie Source file | Compress | Compression No. of Apsnr. | Apsnr. | Apsnr. | Apsnr.
sample file ratio Frame R G B RGB
) '
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In the proposed system numbers of video file movies were taken which
are difference in natural complexity, scenes quality, and size. These movie
implemented with proposed system give the results which explain in table
(°-Y), and we noticed the compression ratio increased if the files have few
complexity with stable scene (i.e. the file contain one scene) such as the
movie no.) which contain Y1 frames has high CR that equal to (¢+:)) and
PSNR(YV.A£) while the movie no. YV has which contain Yo% frame
distributed over several scenes has low CR (Y£.£7:Y) and PSNR(Y4.YA) | this
mean that when scenes were varying and increased in video file the
compression ratio decreased. In addition the PSNR is in negative with
compression ratio for the same movie file, for example when reduce the
value of (R)in quantization process to V- instead of Y+ for movie no.) the
compression ratio will decreased to (Y°.2:) ) and PSNR value will increased
to (£).Y4), also depend on the complexity of the movie, such as movie no.)
because have simple image without complexity the PSNR is high while
movie no.Y because has natural image with some complexity the PSNR is

decreased in spite of the CR is low.
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.1.Y Comparison with other Video Clip Compressor

In this section we compare our proposed system with standards

systems based on DCT such as MPEG-) and H.Y1) can be summarized in

several points as differences between them as follow:

)

. It differ by using run length encoding(RLE) instead of zero run length

merge with Huffman coding .

. It differ by accept in all image dimension in (row ,column) instead of

(YeY,Y¢4)in H.Y\ or only video format(DTV ,CIF ,QCIF ,sub-QCIF)
as MPEG .

It differ by using scalar quantization which depends on value of ( R)
such that when increase value of ( R) the compression ratio increased

instead of use quantization table as MPEG .

. It differ in motion compression such that our algorithm split movie

into scenes depends on the value of SKEW for each frame and then
make simple direct difference between sequence frames in individual
scene with store number of key frames which present the initial frame
of each individual scene in compressed file instead of using motion
compression algorithm which is called Motion Estimation
/Compensation that are require complex operation , time and store

Motion vectors for macro blocks in each individual frame.



In spite of all these differences between the proposed system and
standard systems for video compression but our algorithm reach to
Compression Ratio lies in

(Y+-¢+)instead of (Y -Y+) as MPEG-).
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©.Y Conclusions

In this section we will present some conclusions:

Y. The proposed system can split any movie file into scenes by calculating
skew measurement for each frame and comparing the skew value of
sequence frame by using a specific threshold for that purpose.

Y. Natural of movie file contained temporal redundancy i.e . the sequence
frames are identical with some differences ,because of the motion make
the whole frame is similar to the previous except only some regions
change which represent the motion in that frame , thus the differences
between frames due to smaller pixel value. Therefore the coefficients
produced through DCT tend to zero which make the compression
operation by using Run Length Coding very high .

Y. The quantization process not used to exclude the real value of
coefficients but also to exclude negative value from it by using
normalization which calculate the maximum and minimum value of each
block of DCT coefficients and subtracted them to obtain positive value
only , that makes Run Length Coding effective.

¢, The compression ratio based on the number of frames in each scene so
that the relation between them is positive because each frame in that
scene is similar to the previous one with few differences between them,
so that calculate motion based on skew will increase compression ratio
while the relation is in negative between the compression ratio and

number of scene (i.e. when increase number of scene by decreasing



threshold which is used with skew measurement the number of frame in
each scene will decreased ,therefore increase the key frames and
decrease the delta frames so that the differences will decreased and

subsequently compression ratio will decreased .
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o.¥ Future Work

V. Using another transform technique instead of Discrete Cosine

Transform such as Discrete Wavelet Transform.
Y. Applying this proposed system to movie file contain video / audio.

Y. Using image enhancement methods to enhance the decompressed

sequence frames of movie file .

¢. Applying another data compression methods such as Huffman,

arithmetic, and embedded zero tree wavelet .
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