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Why Image and Video Compression? 

Basics of Image and Video Signals

ÅBasic imaging system

ÅDigitization: sampling and quantization

ÅRedundancy and correlation
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Conventional Video Compression 

ÅBasic system

ÅDiscrete-Cosine Transform (DCT)

ÅPredictive Coding 

ÅMotion estimation and compensation 

ÅEntropy Coding

ÅH.264/AVC (MPEG 4 Part 10) 
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Distributed/Wyner-Ziv Video Coding

ÅMotivation

ÅSlepian-Wolf  and Wyner-Ziv Coding

ÅBasic Distributed Video Coding Framework

ÅExisting Approaches

ÅProposed BLAST-DVC 

ÅResults

Conclusion  
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Need for Compression
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Why Image and Video Compression?

ÅReal-time video runs at 30 frames per second ïneed to 
transfer each frame in 30 msec.

Wireless (384Kbps): 

6.4 second for a single frame

Cable Regular

Upload (256 Kbps): 9.5 s/frame

Download (1.5Mbps): 1.6 s/frame

Cable Premium

Upload (1 Mbps):2.4 s/frame

Download (12 Mbps): 200 msec/frame

Low Power, Harsh Envoronments: 122 secs/frame

Video ςCIF size -352x288 
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Basic Imaging System
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CAMERA 
Imaging Device

Imaged Scene

DIGITIZER STORAGE PROCESS

Display,  Analysis, 
Enhancement, Restoration, 
Compression for transmission

Sampling + 
Quantization

Compression

Colored lights from scene are captured into red, green, and blue 

pixels (picture elements)

Scene viewed through ñcolorò filters that separate the image 

into 3 color components 

Digital camera systems contain optics that image light onto 

sensors typically a CCD array with filters
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ÅSample image-and video-based applications

ÅNeed for compression

Basics of Image and Video Signals

ÅBasic imaging system

ÅDigitization: sampling and quantization
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Copyright 2008 by Lina J. Karam 9From Conventional to Distributed Video Coding



Digitization: Sampling and Quantization
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CAMERA 
Imaging Device

Imaged Scene

DIGITIZER STORAGE PROCESS

Display,  Analysis, 
Enhancement, Restoration, 
Compression for transmission

Sampling + 
Quantization CompressionI(x,y;t)

I(n1,n2;n3)

x

y

ÅOriginal Imaged Scene :  analog (continuous in space and time)    
I(x,y;t) for video and I(x,y) for still image

I: image intensity and color at position (x,y) and at time t

ÅDigitized sensed image/video: digital (sampled in space and time, 
plus discrete amplitudes)  I(n1,n2;n3)  for video and  I(n1,n2) for 
still image

I: image intensity and color at integer sample position (n1,n2) and 
intergertime index n3



Digitization: Sampling and Quantization
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Video Sampling 
ÅTemporal sampling affects frame (image) rate and perceived 

motion quality.
ï50 to 60 frames per second produce smooth apparent motion

ï25 (PAL) or 30 (NTSC) frames per second is standard for 

television pictures; interlacing can be used to improve the 

appearance of motion

ÅFrame rate can be referred to as temporal resolution.
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Quantization 

Some sort of quantization is necessary to represent 

continuous signals in digital form

Quantization is also used for data reduction in virtually 

all lossycoding schemes

Quantizer2D SamplerI(x,y,n3) Iq(n1,n2,n3)

Digitizer (A/D)

I(n1,n2,n3)
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Quantization ïBasic Concepts
Two main types of quantizers:
ÅScalar Quantizer(SQ)

Operates on each data value 
individually

Data range is divided into M 
non-overlapping bins

Each input data value is 
assigned to one of the bins

Output of quantizeris index   
of assigned bin 

ÅVector Quantizer(VQ)
Operates on blocks of values

Data space is divided into bins

Each block of values is 
assigned to a bin 

Output of VQ is index of the 
assigned bin

13Image Compression: Foundations

I

M = 4

I2

I1I1max

I2max

I1min

I2min

M = 4

Very large computational complexity
and memory requirements 

Uniform Quantizer => equal-width bins
Step-Size D= bin width
D= (Imax-Imin)/M  

Bin 1 Bin 2 Bin 3 Bin 4

r0 r1 r2 r3

ImaxImin

r0 r1

r2 r3
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Redundancy and Correlation

Significant redundancy present in natural image/video 
signals. 

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

Types of redundancy:

ÅSpatial: interpixelredundancy

ÅTemporal: interframeredundancy

ÅStatistical: data distribution, frequency of occurrence
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Redundancy and Correlation: Spatial
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Redundancy and Correlation: Temporal
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Redundancy and Correlation: Temporal
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Time

Frame 60 

Frame 61 

Mother and Daughter
CIF ς352 x 288



Redundancy and Correlation: Statistical

Statistical: data distribution, frequency of occurrence
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Conventional Video Compression 

ÅBasic lossycompression system

ÅBasic video compression system

ÅDiscrete-Cosine Transform (DCT)

ÅPredictive Coding (DPCM)

ÅMotion estimation and compensation 

ÅEntropy Coding

ÅH.264/AVC (MPEG 4 Part 10) 
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Basic LossyCompression System
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Sampling Redundancy 
Reduction

A form of data 
compression; 
usually lossless, 
but can be lossy

Lossless compression:
ωTransform Coding
ωPredictive Coding
ωMotion Prediction
ωSub-band Coding, 

Wavelets
ÅRun-Length Coding

Image or Video

Data-to-Bits 
Mapping

Lossless coding:
ωFixed-Length Coding
ωVariable-Length Coding, 

Entropy Coding

лмллммллΧ

Bit Stream

Quantization

Lossycompression; 
typically removes 
less significant or 
irrelevant 
information

Perform inverse operations at 
the receiver /decoder

Transmission or 
Storage
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Basic LossyCompression System
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Intra
Quantized Index

Bit Stream

+

Coding Control

Transform Quantization

Inverse

Quantization

Inverse

Transform

Frame Store

Motion

Estimation

Motion

Compensation

Entropy

Coding

Predicted Frame

Motion Vectors

InterVideo

Source

-
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Redundancy Reduction ïTransform Coding

N1xN2 Discrete Cosine Transform ïDCT (Type IV, 

Unitary) 
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Redundancy Reduction ïTransform Coding

Why use DCT?
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Value 75 75

7575

DCT 150 0

00

Unwrap Unwrap

Energy 
Compaction

Energy Conservation:
1502= 4 (75)2 =22,500

K

DCT

DCT

150

n, Sample 
Position

Value

75

0 1 2 3 0 1 2 3



Redundancy Reduction ïTransform Coding

Why use DCT?

ÅExcellent energy compaction achieved for natural images

ÅValues in image transformed into few non-zero weights

ÅThe non-zero weights are clustered at and near ñlow 

frequenciesò 
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0 N1  K1

N1³N2

³102

K2

N2

2D DCT

magnitude

W(K1,K2)



Redundancy Reduction ïTransform Coding

DCT applied to image blocks typically of size 8x8 or 

size 4x4 

ÅCan exploit better local image characteristics

ÅCan exploit local correlations between neighboring image 

samples
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Image block

I(n1,n2)

n1

n2
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Redundancy Reduction ïPredictive Coding

Predictive Coding 

ÅRedundancy related to factors such as predictability, 

randomness, smoothness in the data

ÅExamples of predictive coding methods:

Linear prediction (DPCM)

Motion estimation and compensation

30
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Redundancy Reduction ïLinear prediction

Predictive coding can be applied to either the spatial or 

transform domain.

Basic concept:

ÅRemove mutual information between successive or 

adjacent data (pixels, blocks, frames) using prediction

ÅGiven past samples (input or decoded), predict the 

subsequent data value using a prediction rule 

ÅEncode only the new information:  code difference between 

actual and predicted 

31

Prediction error

Prediction RulePredicted Value

M)]),...I(n),I(nP[I(n(n)I p ---= 21

)()()( nInIne pp -=
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Redundancy Reduction ïLinear prediction

Linear prediction => Express predicted value as a 

weighted sum of past values 

Weights w1, é, wM are found to minimize prediction 

error norm based on correlation in the image data 

Order M of predictor chosen to be relatively small 

ÅComputations increase as M increases

ÅStorage increases as M increases

ÅPrediction does not improve much with large M

Coding process done recursively

Actual value can be losslesslyrecovered: I(n) = Ip(n)+ep(n)

32
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Redundancy Reduction ïLinear prediction

Consider an image row

Consider simple prediction rule: Ip(n) = I(n-1)

Prediction error is: () () ( )1--= nInInep

33

I(n)

n

Divide into 
L levels

B bits ςL = 2B levels

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

ep(n)

n

Divide into 
L levels
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Redundancy Reduction ïLinear prediction

Issue when prediction error ep(n) has to be limited in accuracy 

(loss due to quantization) 

ÅError ep(n) is not coded losslesslybut approximated with 

ÅAt receiver ,          is obtained instead of actual value I(n)

Predictions at receiver computed from distorted values 

receiver/decoder  not  

synchronized with encoder => this leads to unbounded error  

accumulation (unstable system) in reconstructed values

Need to synchronize the encoder and decoder by predicting 

from past decoded values and not actual input samples

34
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Redundancy Reduction ïLinear prediction

FeedforwardPrediction

ÅCoder:

ÅDecoder

ep(n)I(n)

Predictor

+

+

ς

Q

Ip(n)I(n) is used 
to predict

+

Predictor

+
+

used to 
predict

)(Ĕnep

)(Ĕnep )(ĔnI

)(ĔnI

ÝUnstable system due to error accumulation since 
reconstruction error                    would depend on all past and 
present quantization errors

)()(Ĕ nInI -

35
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Redundancy Reduction ïLinear prediction

Feedback Prediction: also referred to as  Differential 

Pulse Coded Modulation (DPCM)

ÅEncoder:

ÅDecoder

)(Ĕnep

)(ĔnI
+

Predictor

+
+

)(Ĕnep

ÝStable system: reconstruction error  depends only on present 
quantization error dÝ

I(n)

Predictor

++

φ

Q

()nI p

+

()nep

)(ĔnI()nI p

Decoder

)(ĔnI

d=- )()(Ĕ nInI

used to 
predict in both 
encoder and 
decoder

36
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Redundancy Reduction ïLinear prediction
For the two-dimensional (2D) case I(n1,n2)

ÅTwo-dimensional DPCM

ÅPrevious 1-D discussion extends to 2-D case

ÅFor common (natural) images, it was found that 
restricting the prediction to the four nearest (causal) 
neighbors is sufficient Ý four non-zero prediction 
weights 

ÅExample: row-by-row scanned image

37

n2

4 nearest causal neighbors

sample to be predicted Ip(m1,m2)

n1

AB

C D E

A = w1 B + w2 C + w3 D + w4 E
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Motion Estimation and Compensation 

Video is a sequence of frames (images)

Huge amount of data that need to be transmitted and 

played-back in real time or fast enough.

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

39
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Motion Estimation and Compensation 

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

Most common method to remove interframeredundancy is 
motion compensation (MC).
ÅIllustration with linear motion, black ball, white background.

ÅIf 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).

d
C

yd

xd

time

40
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Motion Estimation and Compensation

Applications
ÅCompression 

ÅRestoration 

ÅInterpolation and increase in size of image or in frame 
rate

Motion estimation
ÅMotion estimation is the process of determining the 

movement of objects within a sequence of image 
frames.

Motion compensation
ÅMotion compensation refers to the generation of the 

predicted frame using the estimated motion 

41
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Motion Estimation

Motion estimation techniques can be categorized into 
three major groups:

ÅPixel-based techniques

Pel-recursive algorithms

Gradient-descent algorithms

ÅBlock-based (Block Matching) techniques 

Exhaustive full/fractional pel search 

Fast search algorithms 

Hierarchical block matching algorithms

ÅObject-based techniques 

mesh-based  techniques

segmentation-based techniques

From Conventional to Distributed Video Coding
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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 ñbest matchò among possible blocks in an 

neighboring/adjacent frame.

43
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Motion Estimation
Block matching-based (Block-based) motion compensation

1. Divide current and previous frame into non-overlapping blocks 
with size N1³N2.

2. For each block in current frame: 
1. Search in reference frame (previously encoded frame) for a block that 

closely matches the current block: search region in reference frame is 
centered at current block position and is of size (2p+N1) ³(2p+N2).

2. Find closest matching block with respect to a given error metric.

3. Send motion vector (mx,my).

N2

N1(x,y)

N2

N1(x,y)
(x+mx ,y+my )

Current frame tReference frame (t-l or t+l )

p
p

search region

44

Motion vector shows 
from where block moved.
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Motion Estimation

ÅTo perform search (Step 2.1), we search in reference 

frame for matching block by moving window (of same 

size as block) in pixels at a time (not in blocks at a 

time).

ÅLarge blocks result in fewer blocks Ý fewer motion 

vectors Ý poor accuracy but low bit-rate

ÅSmall blocks result in more blocks Ý good accuracy 

but high bit-rate

ÅTypically, for motion estimation, blocks (macroblocks) 

for MPEG standards are chosen to be 16³16, but also 

can be with sizes smaller than that (8x8, 4x4, variable). 

45
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Motion Estimation
How ñbest matchò block is characterized?

ÅBt(n1, n2) : N1³N2 image block in current frame 

ÅBt-l(n1, n2) : N1³N2 image block in reference frame 

ÅCompute prediction (match) error:

ep(n1, n2) = Bt(n1, n2) ïBt-l(n1, n2)

ÅCompute error norm => gives one score

Mean-Squared Error (MSE) ïL2 norm

Sum of Absolute Difference (SAD) ïL1 norm

46
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Motion Estimation
Fractional Pixel (Sub-pixel) Motion Estimation 
ÅEarlier block-matching scheme limited to integer (full-pixel) 

displacement
ÅBetter accuracy achieved if fractional pixel displacement 

can be detected 
ÅHalf-pixel (half-pel) displacement accuracy can be achieved 

by interpolating (enlarging)  the reference frames by two in 
each of the horizontal  and vertical directions 

ÅQuarter ςpixel (quarter-pel) displacement accuracy can be 
achieved by interpolating the reference frames by four in 
each of the horizontal and vertical directions

From Conventional to Distributed Video Coding
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Motion Estimation
Half-Pixel Block-based Motion Estimation

Interpolate the reference frame by two in width and height
Perform search on the reference frame
Better accuracy at the expense of higher computations (up to 

four times more computations than full-pixel accuracy) 

Current block

Matching block

Interpolated pixel

Original pixel

Displacement vector

From Conventional to Distributed Video Coding
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Motion Estimation and Compensation

Reference Frame  (Frame 13) Current Frame (Frame14)

From Conventional to Distributed Video Coding



Full Search Motion Estimation 
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[8x8] block motion vectors superimposed on Reference F[n-1]    (Frame 13)

From Conventional to Distributed Video Coding


