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Need for Compression

Why Image and Video Compression?
A Reattime video runs at 30 frames per secontked to
transfer each frame in 30 msec.Videoc CIF size352x288
Wireless (384Kbps):
6.4 second for a single fra

Cable Regular
Upload (256 Kbps): 9.5 s/fram
Download (1.5Mbps): 1.6 s/fra

Cable Premium A AR\ 472
Upload (1 Mbps)2.4 s/frame QWi e/ =
Download (12 Mbps): 20thsedframe

Low Power, Harslienvoronmentsl22sec#rame
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Basic Imaging System

CAMERA
Imaging Device

Imaged Scene
[ | DIGITIZER—1 STORAGE— PROCESS
Sampling + Compression Display, Analysis,
Quantization Enhancement, Restoration,

Compression for transmission

Colored lights from scene are captured m#a green andblue
pixels (picture elements)

Scene viewed through ncol orc
Into 3 color components

Digital camera systems contain optics that image light onto
sensors typically a CCD array with filters
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Digitization: Sampling and Quantization

CAMERA

‘ Imaging Device I(nl’ n2;n3)
Y p , I: > DIGITIZEﬂ%—" STORAGE— PROCESSH
i bt Sampling + Display, Analysis,
|(X y't) Quantization  compression Enhancement, Restoration,

Compression for transmission

A Original Imaged Sceneanalog (continuous in space and time)
|(X,y;t) for video and(x,y) for still image

|: iImage intensity and color at positiony) and at timd

A Digitized sensed image/video: digital (sampled in space and tin
plus discrete amplituded)n,,n,;n;) for video andl(ny,n,) for
still image

I image intensity and color at integer sample pos{tgm,) and
Intergertime indexn,



Digitization: Sampling and Quantization

Video Sampling
A Temporal sampling affects frame (image) rate and perceiv
motion quality.
I 50 to 60 frames per second produce smooth apparent motic
I 25 (PAL) or 30 (NTSC) frames per second is standard for
television pictures; interlacing can be used to improve the
appearance of motion

A Frame rate can be referred to as temporal resolution.



Quantization

Some sort of quantization is necessargefaresent
continuoussignals in digital form

1(Ny,n5,N5)

I(x,y,n;) —>| 2D Sampler *| Quantizer — | (n;,n,,Ny)

— i
V

Digitizer (A/D)

Quantizations also used for data reduction in virtually
all lossycoding schemes



Quantizatiori Basic Concepts

Two main types ofjuantizers

A ScalarQuantizer(SQ) M = 4
Operates on each datavalue o T I3 3
individually e L e e R
Data range is divided into M lmn2"t BIN2 BIn3 Bin4

nonoverlapping bins Uniform Quantizer => equadwidth bins

Each input data value is  StepSizeD = bin width
assigned to one of the bins - (el )M

Output ofquantizerns index
of assigned bin l, M =4

A VectorQuantizen(VQ) boman|
Operates on blocks of values
Data space is divided into bins

Each block of values is I
assigned to a bin 2min : >

Output of VQ is index of the min imax .
assigned bin Very large computational complexity

and memory requirements
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Redundancy and Correlation

Significant redundancy present in natural image/video
signals.

Redundancy is proportional to the amount of correlatior
present in the image data samples.

Types of redundancy:
A Spatial:interpixelredundancy
A Temporalinterframeredundancy
A Statistical: data distribution, frequency of occurrence



Redundancy and Correlation: Spatial
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Redundancy and Correlation: Tempore
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Redundancy and Correlation: Tempore

Mother and Daughter
CIF¢ 352 x 288

Frame 60

Frame 61

Time
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Redundancy and Correlation: Statistic:
Statistical: data distribution, frequency of occurrence

P(l) 4 P(l) 4

1%%TTTNTT ) -TI'“TT -

0 255 0 255
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BasicLossyCompression System

A form of data
compression;
usually lossless,
but can bdossy

lmage or Video nAMANaMN
Bit Stream
| Redund i ) Datato-Bits
Samolin edundancy L -
bng Reduction (\Quantlzat|$ Mapping

Lossless compression Lossycompression; Losslessoding:

wTransform Coding  typically removes  wFixedLength Coding
oPredictive Coding less significant or ~ wVariableLength Coding,

wMotion Prediction  jrrelevant Entropy Coding
wSubband Coding,  jnformation
Wavelets o
ARunLength Coding Transmission or
Storage

Perform inverse operations at |

the receiver/decoder
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BasicLossyCompression System

Coding Control

|

Intra
- .
_ : Quantization Quantized Index
Video Inter ; s ————
Source ‘

Inverse
Quantization

v

Inverse
Transform

Predicted Frame

Motion
Compensatio

Frame Store

Motion Vectors

Motion
Estimation 4
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Redundancy ReductianTransform Coding

N,XN, Discrete Cosine TransformDCT (Type IV,
Unitary)

N;-1IN,-1

2 +1 a 2n, +1
Woor (K, K;)= & & 1m0, )G (,)C co%é’ L)y Boogfl
n,=0n,=0 1 + (; 2
DCT Basis images
_1WN N o
where C (K;)=] 0, 0CK ¢N,-1 i=12
7|2 1
Al o Ki,o,\
PN, G



Redundancy ReductianTransform Coding

Why use DCT? nergy Conservation: nergy
15C¢°= 4 (753=22,500 Compaction
—>

DCT (1500

0|0
Unwrap Unwrap
\4 \4
A DCT a
Value
DCT 0P
ST >
0123n,§ample 01 2 3 " K
Position

: . : L : _ 26
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Redundancy ReductianTransform Coding

Why use DCT?

AExcellentenergy compaction achieved for natural images
AValues in image transformed into few rpero weights

AThenonz er o wei ghts are cluste
frequencieso

K, W(K,K) NN,

310

2D DCT

magnitude
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Redundancy ReductianTransform Coding
DCT applied to image blocks typically of size 8x8 or

size 4x4

ACan exploit better local image characteristics
A Can exploit local correlations between neighboring image

samples

Image block

1(ny, nz)\

n2\

Copyright 2008 by Lina J. Karam

From Conventional to Distributed Video Coding

Ny

28



Outline

Conventional Video Compression
A Basiclossycompression system
A Basic video compression system
A DiscreteCosine Transform (DCT)
A Predictive Coding (DPCM)
A Motion estimation and compensation
A Entropy Coding
A H.264/AVC (MPEG 4 Part 10)

Copyright 2008 by Lina J. Karam From Conventional to Distributed Video Coding

29



Redundancy ReductianPredictive Codin

Predictive Coding

A Redundancy related to factors such as predictability,
randomness, smoothness in the data

A Examples of predictive coding methods:
Linear prediction (DPCM)
Motion estimation and compensation




Redundancy ReductianLinear prediction

Predictive coding can be applied to either the spatial or
transform domain.

Basic concept:

A Remove mutual information between successive or
adjacent data (pixels, blocks, frames) ugnediction

A Givenpast samples (input or decoded), predict the
subsequent data valugsing a predictionule

I (n)=P[l(n - 1),I(n- 2),...1(N- M)]
Predlcted Value ™ Prediction Rule
A Encode only the new information: code difference betwee

actual and predlﬁde (n) = | (n) - | (n)

Prediction error



Redundancy ReductianLinear prediction

Linear prediction => Express predicted value as a
weighted sum of past values

I, (N) =wi(n-)+w,l(n- 2)+...+w, I (n- M)
Weightsw,, &,,are found to minimize prediction
error norm based on correlation in the image data

OrderM of predictor chosen to be relatively small
AComputations increase Bsincreases
AStorage increases Bkincreases
APrediction does not improve much with laige

Coding process done recursively
Actual value can bsslesslyrecoveredi(n) = 1,(n)+e,(n)



Redundancy ReductidnLinear prediction

Consideran imageow

. 1(n)
B bitsc L = Zlevels -

Divide into <
L levels

Consider simple prediction rulg(n) = I(n-1)
Prediction error ise,(n)=1(n)- 1(n- 1)
(N1
Divide int
LI|\éI\/ee|SIn ’ { !..F-.I“-J..I."..J.—F]

=> Higher accuracy and less distortion if we are limited to B bits




Redundancy ReductianLinear prediction

Issue when prediction errgg(n) has to be limited in accuracy
(loss due to quantization)
AErrorep(n) IS not codedosslesshybut approximated WitE(ﬂ)
AAt receiver ,|E(D) is obtained instead of actual vihje
Kn) = F(n) +&(n)

Predictions at receiver computed from distorted values

Kn- 1), KBn- 2),..Bn- M)Y  receiver/decoder not
synchronized with encoder => this leads to unbounded er
accumulation (unstable system) in reconstructed values

Need to synchronize the encoder and decoder by prej;cth

from past decoded values and not actual input sample




Redundancy ReductianLinear prediction

FeedforwardPrediction

ACoder:
1(n)

I(n) is used Predictor

to predict

Mecoder & (n) ?
Predictor

predict

Y Unstable system due to error accumulation since

reconstruction errofn)- 1 (n)
present quantization errors

wodk

bend on all past and



Redundancy ReductianLinear prediction

Feedback Prediction: also referred to2ifferential
Pulse Coded Modulation (DPCM)

AENncoder:
1(n) % (v

Predictor |

ecoder

ﬁ,(n) * > IE(n) predict in both
+ encoder and
. decoder
Predictor

Y Stable system: reconstruction error depends aypresent
quantizationerrordY KEn)- 1(n)=d




Redundancy ReductianLinear prediction

For thetwo-dimensional (2D) cas¢n,,n,)
ATwo-dimensional DPCM
APrevious 1D discussion extends to[2 case

AFor common (natural) images, it was found that
restricting the prediction to the four nearest (causal)
neighbors is sufficienY four nonzero prediction
weights

AExampIe: rowby-row scanned image

D E 4 nearest causal neighbors

3 A sample to be predicted,(m;,m,)
A=w,; B +w, C +w;D +w, E
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Motion Estimation and Compensation

Video is a sequence of frames (images)

[ A typical scene does not
' change rapidly from one
frame to the next

Huge amount of data that need to be transmitted and
playedback in real time or fast enough.



Motion Estimation and Compensation

Exploit intraframe(within one image) redundanendinterframe
between frames) redundancy (motion estimation and
compensation

Most common method to remouderframeredundancy Is
motion compensation (MC).

A lllustration with linear motion, black ball, white background.

d o
'fjdy ® ¢

X

time

A If one can extract the ball, just transmit how far it moved each
frame (send a vector describing the displacement of the object,
motion compensation vector).



Motion Estimation and Compensation

Applications
A Compression
A Restoration
A Interpolation and increase in size of image or in frame

rate

Motion estimation

A Motion estimation is the process of determining the
movement of objects within a sequence of image

frames.
Motion com

nensation

A Motion compensation refers to the generation of the

predictec

frame using the estimated motion



Motion Estimation

Motion estimation technigues can be categorized into
three major groups:

A Pixelbased techniques
Pelrecursive algorithms
Gradientdescent algorithms

A Block-based (Block Matching) techniques>
Exhaustive failffractiomgbetsearch
Fast search algorithms
Hierarchical block matching algorithms
A Objectbased techniques
meshbased technigues
segmentatiotbased technigues




Motion Estimation

Motion estimation based on Block Matching is
commonly used and is incorporated within the video

coding standards.

Basic procedure for block matching
1. Divide adjacent and current frames into small blocks.
2. For a given block in current frame, search for the

displacement (translational motion) which produces
the Abest matcho among p

neighboring/adjacent frame.



Motion Estimation
Block matchingbased (Blockhased) motiomompensation

Motion vector shows
Referencdrame (t- I or t+l) Current frame  from where block moved

e A =

Jieeeeeennneeeentoneenennnneenns B O UUUS PR OPNN

seareh reglon

1. Divide current and previous frame into rowerlapping blocks
with sizeN;3 N..
2. For each block in current frame:

1. Search in reference frame (previously encoded frame) for a block t
closely matches the current block: search region in reference frame
centered at current block position and is of ¢24@+N;) ?(2p+N,).

Find closest matching block with respecttgiven error metric
3. Send motion vectdim,,m,).

N



Motion Estimation

A To performsearch (Step 2.1)ve searclin reference
frame formatching block by moving window (slame
size as blockin pixels at a time (not in blocks at a
time).

A Large blocks result in fewdanlocks Y fewer motion
vectorsY poor accuracy but low biiate

A Smallblocksresult in more block¥ goodaccuracy
but highbit-rate

A Typically, for motion estimation, block@nacroblock}
for MPEG standards are chosen talb&l6, but also
can be with sizes smaller thdrat (8x8, 4x4, variable).



Motion Estimation
How nNnbest matcho bl ock 1
A B,(n;, n,) : N2 N,image block in current frame
A B, (n,, n,) : N2 N,image block in reference frame
A Compute prediction (match) error:
e,(Ny, ) = By(ny, ) T B (ng, my)
A Compute error norm => gives one score

MeanSquared Error (MSH) L, norm

1 1
N,N N,N

Sum of Absolute Difference (SAD)L, horm
e, (), =8 &le,(nuny)| =& & [B.(nny) - By ()

L) 1)

a a (B(n,n,)- B (n,n,))’

2 o

aaem,n)=

2

le,(n,n)|" =



Motion Estimation

Fractional Pixel (Sytixel) Motion Estimation

A Earlier blockmatching scheme limited to integer (fygixel)
displacement

A Better accuracy achieved if fractional pixel displacement
can be detected

A Haltpixel (halfpel) displacement accuracy can be achieve
by interpolating (enlarging) the reference frames by two i
each of the horizontal and vertical directions

A Quartercpixel (quarterpel) displacement accuracy can be
achieved by interpolating the reference frames by four in
each of the horizontal and vertical directions



Motion Estimation

HaltPixel Bloclbased Motion Estimation

Displacement vector

Current block/:

[, Interpolated pixel

AN

i Original pixel

Matching block — |

Interpolatethe referenceframe by two in width and height

Performsearchon the reference frame

Better accuracyat the expensef highercomputations (up to
four times more computations than futlixel accuracy)



Motion Estimation and Compensation

Reference FramégFrame 13) Current FramdéFramel14)
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Full Search Motion Estimation

[8x8] block motion vectors superimposed on Referencelf[n(Frame 13)



