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eg.  Fax machine
Run Length Coding
data pair：（run length , grey level）
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512  
(512,0)
(512,0)

(2,0)(508,100)(2,0)

(2,0)(508,100)(2,0)
(512,0)

512
Before： 512*512*8        
After：(512+4)*(9+8)～516*8*2
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Def：Compression technique
information processing with less data
represention

Information lossless Input = Output

Information lossy Input     Output≠
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8.1    if      and       denote the number of info 
in two sets  (image)

Relation data redundancy
(0<RD<1)                     

compression 
rate

if                                           no redundancy
high redundancy

1n 2n

R
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R 11−=
2
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n
nCR =

→=== 0,1,12 DR RCnn
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Redundancy
1.Coding Redundancy

data  → histogram
grey level      occurs with probability
：the number of bits used to represent

the average number of bits required to 
represent each pixel is

n
nrP k
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Concept：
1.variable length coding
2.assign lower bits to the more probability 

grey level
The total bits of the conpressed M*N image is

eg. P.413  (TABLE 8.1)
avgLNM ××
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2.Interpixel Redundancy
3.Psychovisual Redundancy

Quantization
Re-Scale
IGS Algorithms：is used to solve false 
contour problem.
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Fidelity Criteria

rmse ( root – mean – square error )
e(x,y) =   (x,y) – f(x,y)
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8.4  Error-Free Compression (lossless)

• 一. Variable length Coding
– 1. Huffman Coding

• 1. 求Histogram
• 2. 從大到小排序

• 3. 最小的兩機率相加往上推(再排序)
• 4. 按原徑循序assign回去

– 2. Arithmetic Coding
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Huffman coding
1)Get Symbol and Probability from original source

Symbol a1    a2    a3      a4   a5     a6 
Probability0.1   0.4   0.06   0.1  0.04  0.3 

2)Sort Symbol by Probability then compound the bottom two probability (write in Source reduction) 
until the       

reduced source with two symbols             
Original source Source reduction

Symbol           Probability         1           2        3         4
a2 0.4                 0.4 0.4 0.4 0.6
a6                   0.3                 0.3 0.3 0.3 0.4 
a1                   0.1                 0.1 0.2         0.3
a4                   0.1                 0.1 0.1
a3                   0.06               0.1
a5 0.04
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3) Coding each reduced sources  are back to the original source.
The code is using binary (0 1)
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Arithmetic coding
1)Get the Probability and Initial Subinterval of the Source Symbol

Source Symbol     Probability        Initial Subinterval
a1                  0.2                   [0.0,0.2)        
a2                  0.2                   [0.2,0.4)
a3                  0.4                   [0.4,0.8)
a4                  0.2                   [0.8,1.0)

2)Use the Initial Subinterval of an to get the next encoding range
Encoding sequence
a1 a2  a3 a3 a4

1 0.2                 0.08                     0.072                          0.0688                            
a4                  a4 a4 a4 0.06752      a4 
a3                  a3 a3 a3 a3
a2                  a2 a2 a2 a2
a1 a1 a1 a1 a1

0                    0                0.04                   0.056                         0.0624       
3)Any number within the range  [0.06752,0.0688) can be used
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8.4.2  LZW Coding

LZW壓縮技術是由Lempel、Ziv和
Welch 三個人發明的，這種壓縮技
術是藉由將經常出現的string編碼來
減少Bit數，在壓縮時不會犧牲掉畫
面的品質，但是不能設定壓縮的比
值。
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LZW 編碼演算法是對資料的string做
編碼。這些string與原始影像資料中
像素值的序列一致。它透過創造一
個string table，其中含有string以及和
它相對應的代碼所表示的顏色。在
讀取資料時同時update這個string 
table。
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在編碼過程中當遇到一個新string時
就分派一個新代碼來表示並將其記
錄在string table中。如果遇到一個
string已經在string table之中，就用與
那個string相對應的代碼來代表那個
string的值。
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LZW演算法適用於原始資料變化頻
繁但有很多重覆出現部分的情況之
下。

其應用有：

PDF、GIF、TIF….
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8.4.4  Lossless Predictive Coding
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m=1  first order
m=2  second order
一階
二階

傳送時只要將影像的第一個值、誤
差值還有α值傳送給對方即可。
Decode
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8.5 Lossy Compression

表示有誤差⋅
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Compression Procedure

nnn ffe ˆ−=

111 ˆ −−− += nnn fef &&

+k for           >0ne
-k     otherwise

where

where

where =ne&

1ˆ −= ∗ nn ff &α ( if 一階)



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Ex:                                ，=ne& +6.5    for          >0n e

-6.5   otherwise
1=α

0f& ：initial data=14.0
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求出

14.0-6.5-6.520.514.02

20.56.51.014.015.01 

14.0---14.00

f ˆ f &fn e

e&

e&

傳送 及 給接收端0f& e&
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接收端以 及 解壓縮計算 f&
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解壓縮解出 f &

e& f &

f̂

ff &−f&

0.014.020.514.0-6.52

5.520.514.020.56.51

0.0--14.0-0
n
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