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3.1  Compression Methods
reducing the size of blocks of data by removing unused and redundant 

material
e.g., silence period in telephone call


 

Type of redundancy 


 
spatial redundancy

in almost natural image, neighboring pixels are 
strongly correlated 


 

redundancy in scale
straight edges and constant regions are invariant 
under rescaling 


 

redundancy in frequency
spectral values for the same pixel location are correlated


 
DCT coding 


 

temporal redundancy
adjacent frames often very little change 


 
DPCM, motion compensation coding 


 

stereo redundancy
correlation between stereo channels


 
audio
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
 

Compression characteristics
See Table 3-1 pp. 37
Figure 3-1


 

Coding techniques

－Entropy coding  independent of lossless characteristics of 
data stream

－Source coding take the semantics lossless / into account 
lossy

－Hybrid coding H.261, H.263, JPEG MPEG
Fig. 3-2 pp.39
See Table 3-2 pp. 38
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3.2  Basic Coding Methods


 
Entropy Coding


 

Run-Length Coding
repetitive sequences
uncompressed data :UNNNNNNIMANNHEIM
run-length coded: U!6NIMANNHEIM


 

longer sequences of different characters can also be 
applied
e.g., WER!6ABCIMECAD


 

Huffman coding
optimal code (minimal number of bits) to represent data


 
shortest code for the character occurring most frequently 

See Fig. 3-3 pp. 41
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
 

Source coding


 
Differential Pulse Code Modulation (DPCM)
reduce range of numerical input characters
See Fig. 28.5 pp. 515 and Fig. 28.6 pp. 516
e,g., 
uncompressed data :10 12 14 16 18 20 
run-length coded: 10 12 14 16 18 20
DPCM coded: 12 2 2 2 2 2

 run-length coded: 12 !52 


 
Discrete Consine Transform


 
Raster  Block

－dividing an image into 8×8 pixel blocks 
(components)

Fig. 30.5 pp.532
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
 

RGB  YUV
－ each pixel is represented by RGB triplet
－ transfer RGB triplet into Y (luminance) UV 

(chrominance) triplet
－Y =77/256R + 150/256G +29/256B

U =-44/256R－87/256G+131/256B+128
V =131/256R－110/256G－21/256B+128

Fig. 30.2 pp. 530


 
DCT 

－ each 8×8 block is mapped from space domain into 
frequency domain
(a composition of DCT basis function, Fig. 3-4 pp. 43 
with 64 coefficients)

－human is sensitive at low-intensity levels


 
reduce to number of high-frequency DCT coefficients 

won‘t affect quality
See Fig. 3-5 pp. 43, DCT easy to separate low/high frequencies 
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
 

Quantization (compress step)
See Fig. 30-6 pp. 533


 
make DCT coefficients with high frequency to be zero

if careful choice of quantization table
DPCM encoding the DC coefficients among blocks
Fig. 30-7 DC coefficients

Run-length encoding the AC coefficients in a block
－ ZigZag coding sequence: code lower frequency first

Fig. 30.8


 
Huffman encoding 
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
 

Motion-compensated prediction
－ reduce temporal redundancies between two frames
－ looking blocks in previous and current frames is very 

closely
－record difference signal (DPCM-code)
－motion vector 


 
unidirectional prediction

only previous/subsequent frame is used
Fig. 3-8 pp. 47


 

bidirection prediction
both previous/subsequent frame is used


 

interpolative prediction
average two predictions based on pervious frame and 

future frame (two motion vectors)
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
 

vector quantization
－dividing data stream into blocks (vectors)
－predefined a code-book ( a set of patterns)
－finding the best matching pattern in code-book 

for each vector
－transmitting the index of the best matching 

patterns only not the actual data
－choose an optimal code-book is important
See Fig. 28-7, 28-8 pp.519
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3.3  Video Compression


 
JPEG (Joint Photographic Experts Group)
－Sequential DCT-based mode (most JPEG cords)

DCTquantizationentropy coding 
encode each block by a single scan, left-to-right and top-to-

bottom
see Fig. 3-11/Fig. 30.1 pp. 529

－ Progressive DCT-based mode


 
multiple scans for each block rather a single scan


 
provide an quick transmission and presentation

－Lossless mode
e.g., X-ray 

－Hierarchical mode


 
encode image at multiple resolutions


 
lower resolution can be accessed without decompress the full 
resolution


 

having multiple resolutions within an image file


 
compress ratio 20~25:1 in lossy mode

2:1    in lossless mode
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
 

MPEG-1 video (Motion Picture Experts Group)
－ a bit-stream for synchronized digital audio and video 

to fit into a bandwidth of not more than 1.5Mbps
－ 1.1 Mbps for Video, 128Kbps for Audio and others for 

MPEG System data
－ MPEG system stream is responsible for synchronizing 

one video stream and one/multiple audio streams and 
allowing random access, fast-forward, rewind


 

motion compensation 
See Fig. 30.11 pp. 538
－ reference frame: 

a frame from which other frames are constructed 
－ intracoded frame (I-frame):

a frame not built from any other frame


 
for random access propose 

See Fig. 30.11 pp. 539
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－macroblock
a 16×16 pixel area 


 
four 8×8 blocks for luminance plane


 
two 8×8 blocks for two color difference planes

See Fig. 30.13 pp.540 
－motion vector

indicates the spatial translation of a macroblock 
between two frames
See. Fig. 30.12 pp. 539

－predicted frame (P-frame)
a frame only reconstructed from a preceding frame I/P
e.g., frame F3 in Fig. 30.10

－bidirectional frame (B-frame)
a frame reconstructed from forward /backward frames
e.g., frame F2 in Fig. 30.10
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－DC coded frame (D-frame)


 
for forward/rewind mode

－frame relation
See Fig. 3-17 pp. 58

－ data hierarchies of MPEG


 
GOP (Group of Picture)

a fix number of consecutive frames 
starting at an I-frame

IBBBPBBBI
IBBPBBPBBI for PAL (352×288)
IBBPBBPBBPBBI for NTSC (352×240)
increasing #B  increasing compress ratio
 decreasing the correlation
See Fig. 3-18 pp. 58
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－coding of I-frame
like JPEG for a still image
See Fig. 30.17 pp. 543

－coding of P- and B-frames


 
search best matching macroblock for 
each macroblock


 
estimate the motion vectorDPCM


 
take prediction error into accountDCT


 
if can‘t find any satisfactory matching 
block

 macroblock is simply intracoded as I-
frame

See pp. 30.18 pp. 544

－MPEG-1 Constrained Parameter Set (CPS)
See Table 3-5 pp. 59
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
 

MPEG-2 video 
－MPEG-1 for the storage of VCR-quality audio-video   
sequence on CD-ROMs
－MPEG-II for recording and transmission of studio- 
quality motion video at bit rate up to 100Mbps (4~6Mbps, 
general) over satellite, cable, broadcast channel
－intends to support HDTV requirements (MPEG-III)
－MPEG-II video profiles  ( compression algorithm)

and levels ( parameter i.e., sample rate)
See Table 3-6 pp. 61


 

MPEG-4 video 
－targets videoconferencing at very low bit rate 
(4.8~64kbps)
－ frame rate 10fps
－ H.263 using 20kbps for video and 6.5kbps for audio 
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
 

MPEG-4編解碼技術意義

－ MPEG-4里是採用了物件的觀念，壓縮之前先將影片中
 各個主要物件區分開來。

－ 將各個物件分隔開的好處，就是可以針對不同的物件特
 性採取不同的壓縮編碼技巧，以得到最好的壓縮效果。
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3.4 Audio Compression
－ human auditory is more sensitive than human visual 

system 
－ compression ratios is far below than for digital video


 
MPEG-1 audio 
－ lossy, extending to achieve lossless quality
－ exploiting hearing threshold and auditory masking to 

remove irrelevant signal
－ hearing threshold: to filter signal into 32 subbands

See Fig. 3-24 pp. 69
－ auditory masking: strong signal may make weaker signal 

imperceptible  leave strong signal by quantization
See Fig. 3-25 pp. 70

－ MPEG-1 audio encoder/decoder
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－ MPEG-1 audio layer


 
three layers compression: Layer I, II, III


 
high layer is able to decode audio signal by 

lower layers


 
Layer I: simplest, 192/256 Kbps/channel


 
Layer II: 96/128 Kbps/channel, CD-quality


 

Layer III: 32~64Kbps/channel, variable bit rate, 
ISDN  


 
support one/two audio channels, two 
independent channels or one stereo signal


 
MPEG-II audio has five channels ( right, left, 
center, two surround) and low frequency 
channel
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