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� Basics Video Compression 
� New algorithms in Standards

� Implementation strategies
� Future trends
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� A single uncompressed color image or video 
frame with a medium resolution of 500 x 500 
pixels would require 100 s for transmission 
over an ISDN (Integrated Services Digital 
Network) link having a capacity of 64 Kbps.
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� Spatial Redundancy

� Correlation between adjacent data points
� Temporal Redundancy

� Correlation between different frames in an image
� Spectral Redundancy

� Correlation between different color planes or sensors
� Limitation of Low-level Human Vision System

� Physco-visual redundancy
� Insensitive to high frequency components

Using strictly spatial redundancy (JPEG) 
gives video compression ratios from 7:1 to 
27:1

Taking advantage of temporal redundancy 
in video gives 20:1 to 300:1 compression 
for H.261, or 30:1 to 100:1 for high quality 
MPEG-2



���������	
�������




�������������������	�������������

�	�����������



���������	
�������




�������������������	�������������

�	������� ��	�����	!�"����#�
�
���	���	�����
�

� Tool 1 – Intra frames
� Tool 2 – Motion estimation
� Tool 3 – Search strategies
� Tool 4 – Block Matching
� Tool 5 – B frames
� Tool 6 - Transformation
� Tool 7 - Quantization
� Tool 8 – Entropy coding
� Tool 9 – Deblocking filter
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� Luminance/Chrominance commonly used, with Chrominance 
subsampled due to human vision insensitivity
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� Processing is done 
in block level
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� Intra – within the frame (Spatial)
� Inter – across the frames (Temporal)
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� Three types of frames
� I frame – key frame
� P frame – Predicted frame
� B frame – image order and 

encoding order are different
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� Macroblocks are 16 x 16 pixel areas on Y plane of original image. A macroblock usually consists of 4 Y blocks, 1 Cr block, 
and 1 Cb block. 

� Quantization is by constant value for all DCT coefficients
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� Two types of inter-frames 
� P-frame predicted from previous frames
� B-frame predicted from previous and future frames

� Intra frames are generated by Motion Estimation
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� Search starts from predefined search area
� From the search window motion vector will be predicted
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� Input frame

� Reconstructed frame

� Residuals

� Motion vectors
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� full search
� 3 step search
� logarithmic search (assumption: convex error progression)
� Diamond search

The search area will be 
defined
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� guarantees a minimal error, but computational expensive. 
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� The search stops once the position of the difference is located in 
the center of the diamond. 
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� use neighboring blocks 
with already computed 
motion vectors to estimate 
the initial pattern of the 
search 

� Used in H.264
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� SAD – Sum of Absolute differences
� SSE – Sum of Squared Error
� SATD – Sum of Absolute Transform 

Differences
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� Using motion vectors with half-pixel resolution allows for increased efficiency in motion compensation

� Minute motions are captured here
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� Used in H.264
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� Half pixel � Quater pixel
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16x16                                                   8x8     4x4
Residuals
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� Pixel-based motion compensation

� Large computation overhead

� Block-based motion compensation
� Simple, hardware based implementation possible 

(most often used today)

� Object-based motion compensation
– Object-detection complex and error-prone. 

Still in research
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� The encoder have both the encoding loop as well as the 

decoding loop.
� In the encoder loop, the predictions are made out of the 

reconstructed images from decoder loop  to reduce the error on 
the decoder side
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� DCT is used to 
convert data in time 
domain to data in 
frequency domain. 

� Wavelets 
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� Spatial Frequencies scanned in zig-zag
pattern (note high frequencies mostly zero)
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� Lossless compression
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� Context-adaptive feature in the H.264 coding 
efficiency is much higher

� CAVLC algorithm is adaptive

� 5 syntaxs
� The number of coefficients and trailing ones
� The sign of each TrailingOnes
� The levels of the remaining non-zero coefficients 
� The total number of zeros before the last coefficient.
� Each run of zeros
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� TotalCoeffs = 5 (indexed from highest frequency, 4, 

to lowest frequency, 0)
� total zeros = 3
� TrailingOnes = 3 (in fact there are four trailing ones 

but only three can be encoded as a ‘special case’)
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� SW Implementation

� Internet and PC application with video CODEC SW running on PC’s processor
� Portable application price and power consumption of processor a limitation
� Currently works at 6fps for CIF format, with a target of 15 fps.

� HW and SW Implementation
� Execute compute intensive calculations in HW and less demanding in SW
� Decrease need for calculation power of processor
� Motion estimation is typically heaviest calculation required, so if implemented in HW 

causes a high bus traffic from HW to SW
� Full HW Implementation

� Compute intensive calculations in HW and only control functions to be done in SW
� Calculations and interim results held internally Processor load very light and is needed 

only to handle control software
� Minimal power consumption, minimal use to processor and minimal bus traffic

� Research is required for SW/HW partitioning
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� Sequential processors
� Desktop processors
� ARM series
� DM series from TI
� VLIW processors

� Parallel processors (the new wave)
� FPGA
� Xtensa
� Pact
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� The future trends for CODECs will be highly 

based on the implementation possibility.
� Sprite movement is very effective for 

compression but too computational intensive. 
So MPEG4 is futuristic.

� 3D video compression (future)
� Video transcoding in Compressed domain
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� The high end researches are sponsored by 
processors people. So the algorithms are 
also mostly sequential. 

� In the emergence of parallel computing units, 
we have to come up with parallel algorithms.

� More researches should come in parallel 
architectures.
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� Questions?


