can begin playout before downloading entire

file streaming
streaming, stored
can transmit faster than audio/video will stored
be rendered
3 application types of media networking
voice/video over IP conversational
audio, video streaming live
Multimedia Streaming
s over IP Networks
network delays §
g
4 § 2. video ;
ﬁ: Const‘:ant it - . . 1. video sent 3. video received,
5 rate video _ may lead to jitter continuous playout constraint challenges recorded network delay ,—r played out at client
500 transmission Video (e.g., 25 o/ (fixed in this (25 frames/sec)  time
£ I by server—— reception ’ @IT= _ example)
5 8 Constant bit frames/sec) - images
- Z: rate video  streaming: at this time, client ( 9
J_t; e | playout : playing out early part of video, :
o 4 by client i while server still sending later — videos
S 3 f vid : . ..
= o Rekkbond ~— multimedia includes —
= _ Streaming stored video — text
| | | | | v
ty | to+2A t | & t; Time
to+A t,+A ty+A “— sounds
so we will need client side buffer photo-realistic images
~— bitmaps complex drawings
Video file requires a high transmission rate sequence of images displayed at constant rate fine detall
ine detai
video encoding rate fixed CBR (Constant Bit Rate)
i — Still Images —— generated by computers in 2 ways — — lines
video encoding rate changes VBR (Variable Bit Rate) Video angles
— boxes
i i other graphic shapes )— expressed mathematically in coordinated
er::t of the frame is the same as the previous Temporal Compression cirele ( grap p p y
“— vector-drawn objects Jr distances
24 bits per pixel YUV 4:4:4 — polygons
16 bits/pixel YUV 4:2:2 Chroma sub-sampling architects
12 bits/pixel YUV 4:1:1 “— used by engineers
a method to compress video graphic artists
Video Compression
Pixel precision is 8 bits for each component (2:1:7) Luminance and two chrominance components defines exactly format Moving Picture Experts Group (MPEG) — defintion a line that is described by the location of its
vt two endpoints
16x16 pixels for luminance
Each image is divided into macro-blocks to represent a vector we use cartesian (X, 2)
8x8 for each chrominance component (7, 5) drawi coordinates n
— drawing
Ezzhpl;r:(;r;i Eyacpc))i;t:::s‘;:?jt can be Spatial Compression to draw we use Bézier curves or paths —— to mathematically represent a curve
— — can be saved in a small amount of memory
redundant frames are removed — can be stores in a file called —— SVG (Scaled Vector Graphics)
(2, 1) and because they are scalable without
typically about 12 frames between | frames Intra frames I-Frame "'/ "/ "/ "' Temporal Compression ! distortion
encode from previous | or P reference frame Predictive frames P-Frame " ~— low memory
| B BP BBPBBWPDBB I
. T _ — faster downloads
encode from previous and future | or P frames Bi-directional frames B-Frame MPEG divides frames into 3 types Vector _ Advantages & Disadvantages —
— Same quality for different resolutions
low is quiet ‘— Refresh time lower with higher drawn objects
Amplitude
high is loud P The two-dimensional array of pixel values —— that represents the graphics/image data
~— definition —[
Wavelength Image are broken up into a grid —— recorded individually as a sequence of pixels
- : ~— Works well for complex variations
low is low pitch Characteristics of Sound
L . Not flexible
high is high pitch Frequenc &
J anp q v — Advantages & Disadvantages —
¥ .
measured in hertz Might need a lot of memory
—
Timbre Problems when scaled
o ~— BMP
quantization quantized
error value of ~— GIF
§ Z J — JPEG
3 /. >§ Z analog — TIFF
© Zé N x signal
Sample g ; ~— if still pictures aren't compressed —— they are represented as bitmaps —— a grid of pixels
o
S
= ‘ " . aka binary image
Compress >
P / M U lt | Med ia —~ monochrome images —[
- where each pixel is represented by 1 bit only —— som it only shows B&W
time Net Worklng
‘— bitmaps as matrices —— GrayScale images —— 8 bit per pixel —— 255 level of gray
sampling rate
(N sample/sec) 8 bit —— for Red
Must convert wave form to digital Org’fi‘iﬁﬁalgeb 24-bit true color 8 bit —— for Green — they are stored as 32 bit file —— the extra 8 bit for alpha —— which represents transperency
8000 samples per second telephone o ] ] o . ‘— Color Image 8 bit —— for Blue
if analog sample at constant rate Digital Representation of Audio Digital Audio
44100 CD music . 8-bit pseudo color
examples on sampling
each sample quantized (rounded) Red
) ) For more MindMaps Additive Col Form a color by adding amounts of three
so we lose nothing we need double highest rate freq. of samples Check our Blitz Website — Itive Colors —— primaries Green
i i https://blitz.deveopix.com
B = bandwidth (in Hz) according to nyquist psi// P / Blue
max data rate R = 2 B log2V bits/second
V = discrete levels (bits per signal change) Cyan
Reduce signal frequency to half of maximum ~— Colors —— Subtractive Colors —— Form a color by filtering white light with Magenta
sampling frequency
if we cannot sample fast enough Yellow
to remove higher frequences use low pass filter
Y —— luminance —— Y =03R + 06G + 0.1B
—
YUV Color Space Cb —— Chroma blue —— Cr = ((B-Y)/2) + 05
PAM : | K i > UV —— chrominance —[
S L Continuous-time, sampler | piscrete-time Discrete-time Digital bit Cr —— Chromared —— Cb = ((R-Y)/16) + 05
Analog signal is quantized into a number of T ) A o -
discrete levels continuous amplitude continuous- discrete- stream output ' _ '
(analog) input signal amplitude signal amplitude signal signal in producing a screen image
(PAM pulses) (PCM pulses) ~— make use of 8 bits of color information —— 256 colors . :
to store color information
PCM (Pulse Code Modulation) use the concept of a lookup table —[
to store only the index —— for each pixel
Signal energy
where signal energy is A"2 / 2 snR= 10 log 10( Noi ) — 8-bit Color Images 0 R G B
oiseenergy - = Ooo0oo0O0f1111(2222 1
0oo0O0f1 1112222 ,9 0 255 255 Cyan
oooofl1111(z2222 3
Data rate = sample rate * quantization * channel 000011112222 4
3333|14444(5555 :
3333|4444(5555
__[3333(4444|5555 here each block of the color-picker corresponds to
For Storage & Transmission we reduce the volume of data to be exchanged 3333[4444[5555 one row of the color LUT
Introduction to Compression 2 g g g ; ; ; ; S g S g
( Compression is about removing redundancy ) -C that leads to redundant information because Image pixels are highly correlated 6666|l7777|3888%8
66 66(7777|8888
bits/pixel Bitrate 255
number of bits to represent the original image Color picker
Compression Ratio (CR)
number of bits in compressed bit stream first image type recognized by net browsers
Concepts
original image can be exactly reconstructed Lossless ~— 8-bit GIF consists of multiple images
reconstructed image nearly (visually) lossless Nearly lossless has color map ;h?p?;;ctﬁl) length of the table equals
reconstructed image with loss of quality Lossy i o
currently the most important common file
; : format
. . because the compression and decompression . . .
( no part of the datais lost in the process ) { algorithms are exact inverses of each other the integrity of the data is preserved ~— JPEG _
f.a mous becomes it takes'a.dvantage of __ so it achieves high levels of compression
. . limitation of the human vision
simplest method of removing redundancy

- i ‘— Popular File Formats —
) ] Run-Length Encoding (RLE) stands for Portable Network Graphics
with count & the symbol it replaces a repeated sequence

. . — PNG Support for up to 48 bits of color information
based on creation of a dictionary (array) of

strings in the text . . )
Files may contain gamma-correction

information
The dictionary is created as the message is

scanned Dictionary coding

Lossless Compression
7 stands for Tagged Image File Format

and if a sequence of characters that is an entry how it works -
in the dictionary is found in the message — TIFE §L1°pporttfor attachment of additional
information

the code (index) of that entry is sent instead of . .
the sequence was lossless —— but now can have jpeg compression

we encode data as binary patterns

assigns shorter codes to symbols that occur Locel _ thod
more frequentl ossless compression methods .
q y we consider the frequency of symbols and the Image Compression

robability of their occurrence in the message
and longer codes to those that occur less P y J

frequently Huffman coding

It is made so that the most frequent symbol is

the closest to the root
is a tree in which the leaves of the tree are the

bol
and the least frequent symbol is the farthest SYMBos
from the root
Symbol Code Symbol Code Symbol Code
A 00 C 011 E 11
B 010 D 10 after the tree has been made

Huffman Tree

we can create a table that shows how each character can be encoded and decoded

assigns the shortest possible code words to the Variable Word Length Coding
most probable gray levels
. . . . Input Construct ) )
into a format designed to reduce interpixel . . . . — | axn k- Fomfﬂld | Quantizer Symbol | _ COT_T‘PI essed
redundancies in the input image transforms the input data in forward transform there is a mapper (!;/Im;g;) subjiraages transform encoder image
( note: This operation is irreversible ) This stage .red”“es the psy_chowsual reduces the accuracy of the mapper's output quantizer
redundancies of the input image Moroc
Compressed Symbol Inverse | _ " XS” |, Decompressed
creates a fixed- or variable-length code to Image decoder transform subimages image
represent the quantizer output
The symbol coder Compression (encoder)
and maps the output in accordance with the
code
M .
Compressed Symbol .| Inverse | _| 2%:3 |, Decompressed
image decoder transform subimages image
Decompression (Decoder) Transform Based Compression
source multiplication of a column matrix P
tramsformed data ( result is matrix M ) by a
DCT Coefficient square matrix T
N-1 .
C(u) ) (21 + 1)M7Z Three phases of JPEG
F(u) = > f(i)cos|
2 l'=0 2N D D e D
oo O o Data
if 1D > DCT > Quantization > combression » 001111 ...000001
Discrete Cosine Transform (DCT) og ... O P example
Blocked Compressed
oCcKe H
2C(u)C(v) E& 2x+Dur 2y+1)vr : Image
F(u,v):—( )C( )ZZI(x,y)cos —( 5 ) cos —( y2 ) image
vVMN x=0 y=0 f \ M N J JPEG (Joint Photographic Expert Group)
a piece of an image g(x, u, y, v) =gl(x,u).g2(y,v)
if 2D
Uniform guantization is achieved by dividing Quantization in DCT

DCT coefficients by N and round the result



