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Abstract – Context Adaptive Variable Length Coding (CAVLC) is one of the widely used entropy encoding algorithms in 
Video Compression standards especially in H.264/AVC. The conventional CAVLC generates a binary sequence from the 
Transformed and Quantized coefficients; this binary code consists of five parts namely, Total Coefficients, Trailing ones, 
Levels, Run Before and Total Zeros. A new method, Position encoding replaces the last two steps, Run Before and Total 
Zeros, with a single Position code thus reducing the total code length and increased bit compression along with efficiency. 
This paper evaluates and extends Position encoding, which is currently limited to 8 coefficients, to 9 coefficients by 
constructing a new look up table and testing the efficiency in bit compression and computational speed with that of CAVLC 
standard. It was found that, as the number of coefficients increases, the bit compression reduces although the computational 
speeds in both cases remain the same. It is undoubtedly more beneficial in terms of less computational complexity, more 
speed and less hardware, compared to the conventional CAVLC encoding method. 
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I. INTRODUCTION 
 
Context Adaptive Variable Length Coding (CAVLC) 
and Context Adaptive Binary Arithmetic Coding 
(CABAC) are the two generally used Entropy 
encoding methods for H.264 Video Compression 
standard. The CAVLC encoder provides a 
comparatively faster and simpler encoding method 
than CABAC that is optimized for encoding eh 
transformed and quantized coefficients provided by 
H.264’s encoding process. In this area of research, 
the main goal is to minimize the code length, 
wherever possible, that is, achieving same or better 
quality at less bit rates and faster computational rates. 
Many software and hardware modifications can be 
found in the literature for enhanced CAVLC 
encoding method, where each of them achieves some 
computational speed or some reduced code words. A 
hardware implementation is found in which modifies 
the CAVLC algorithm to make it faster. The timing 
performance is increased by use of a pipeline 
architecture, where the system is made faster by zero-
skipping, table select integration and also the code 
words are calculated on the fly instead of being stored 
in lookup tables.  A software implementation of this 
encoding algorithm is found in [8]; where they do not 
use any Look Up Tables (LUT) since the use of 
multiple LUTs require more memory. This method 
achieves about 2% increased computational speed 
and 100% reduction of memory requirements. Paper 
[6] refers to a hardwire method which deals with an 
area reduced design of the encoder. This technique 
has table compression and some Arithmetic 
Elimination Techniques which saves about 87% of 
the overall memory compared to 
 
 

 
conventional CAVLC. A new concept of Position 
encoding is introduced in [1], which removes two 
steps in original standard for encoding the position of 
the coefficients. This paper uses only 8 coefficients 
for testing this method by creating a look up table for 
8 coefficients. In this paper, the Position encoding 
technique, which is introduced in [1], which was 
originally constructed for 8 coefficients is now 
extended to more number of coefficients by creating 
look up tables, since the standard number of 
coefficients in one macro block of the conventional 
CAVLC standard is 16, or a 4x4 matrix. This paper 
tests the case of 9 coefficients, by creating a new look 
up table with binary codes and is tested for bit 
compression and computational speeds, with a 
comparison to the existing 8 coefficient Position 
encoding and also the Conventional CAVLC 
encoding.  An evaluation is done, whether this 
method hold goods for more number of coefficients 
and whether it can be a healthy replacement for the 
existing position coding methods in the CAVLC 
standard.  
 
The further section of the paper is divided into: 2. 
CAVLC & Position Encoding. 3. Position encoding 
extended to 9 coefficients 4. Observations and 
Results 5 Conclusions. 
 
II. CAVLC & POSITION ENCODING 

ALGORITHM 
 
CAVLC encodes the scan ordered blocks of 
transform coefficients, which takes advantage of 
several features of the macro blocks which are the 
transformed and quantized coefficients in the 
compression scheme. Since these blocks  
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1 0 100000000  110000000  111000000 111100000  111110000 111111000  111111100  111111110 111111111 
2 1 010000000 101000000 110100000 111010000 111101000 111110100 111111010 111111101 -- 
3 00 001000000 100100000 110010000 111001000 111100100 111110010 111111001 111111011 -- 
4 01 000100000 100010000 110001000 111000100 111100010 111110001 111110110 111110111 -- 
5 10 000010000 100001000 110000100 111000010 111011000 111101100 111110101 111101111 -- 
6 11 000001000 100000100 110000010 111000001 111010100 111101010 111110011 111011111 -- 
7 000 000000100 100000010 110000001 110110000 111010010 111101001 111101110 110111111 -- 
8 001 000000010 100000001 101100000 110101000 111010001 111100110 111101101 101111111 -- 
9 010 000000001 011000000 101010000 110100100 111001100 111100101 111101011 011111111 -- 
10 011 100000000 010100000 101001000 110100010 111001010 111100011 111100111 -- -- 
11 100 -- 010010000 101000100 110100001 111000110 111011100 111011110 -- -- 
12 101 -- 010001000 101000010 110011000 111000101 111011010 111011101 -- -- 
13 110 -- 010000100 101000001 110010100 110111000 111011001 111011011 -- -- 
14 111 -- 010000010 100110000 110010010 110110100 111010110 111010111 -- -- 
15 0000 -- 010000001 100101000 110010001 110110010 111010101 111001111 -- -- 
16 0001 -- 001100000 100100100 110001100 110101100 111010011 110111110 -- -- 
17 0010 -- 001010000 100100010 110001010 110101010 111001110 110111101 -- -- 
18 0011 -- 001001000 100100001 110001001 110101001 111001101 110111011 -- -- 
19 0100 -- 001000100 100011000 110000110 110100110 111001011 110110111 -- -- 
20 0101 -- 001000010 100001100 110000101 110101001 111000111 110101111 -- -- 
21 0111 -- 000110000 100001010 110000011 110100110 110111100 110011111 -- -- 
22 1000 -- 000101000 100001001 101110000 110100011 110111010 101111110 -- -- 
23 1001 -- 000100100 100000110 101101000 110011100 110111001 101111101 -- -- 
24 1010 -- 000100010 100000101 101100100 110011010 110110110 101111011 -- -- 
25 1100 -- 000100001 100000011 101100010 110010110 110110101 101110111 -- -- 
26 1101 -- 000011000 011100000 101100001 110010101 110110011 101101111 -- -- 
27 1110 -- 000010100 01100100 101011000 110010011 110101110 101011111 -- -- 
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116 111010 -- -- -- 000110101 001101011 -- -- -- -- 
117 111011 -- -- -- 000110011 001100111 -- -- -- -- 
118 111100 -- -- -- 000101110 001011110 -- -- -- -- 
119 111101 -- -- -- 000101101 001011101 -- -- -- -- 
120 111110 -- -- -- 000101011 001011011 -- -- -- -- 
121 111111 -- -- -- 000100111 001010111 -- -- -- -- 
122 0000000 -- -- -- 000011110 001001111 -- -- -- -- 
123 0000001 -- -- -- 000011101 000111110 -- -- -- -- 
124 0000010 -- -- -- 000011011 000111101 -- -- -- -- 
125 0000011 -- -- -- 000010111 000111011 -- -- -- -- 
126 0000100 -- -- -- 000001111 000110111 -- -- -- -- 
127 0000101 -- -- -- -- 000101111 -- -- -- -- 
128 0000110 -- -- -- -- 000011111 -- -- -- -- 

Fig 3.1 New Look up Table (LUT) for 9 coefficients 
 
usually contain zeros and ones, a run length encoding 
scheme is used here to represent this scheme. The 
correlation of the number of non-zero coefficients in 
the neighboring blocks is also utilized here. The size 
of a standard macro block is 4x4 or has 16 
coefficients. Most of the lower right elements will be 
zeros; this is made useful by using a zigzag 
reordering of this array, thus putting all the zero 
coefficients last in the sequence. In the encoding, first 
the number of coefficients and trailing ones (any +/- 
1s present at the end of the array before after any 
non-zero coefficients) are encoded using a table to 
represent different combinations. For trailing ones, a 
maximum of three ones can be included. If more ones 
are present in the sequence as trailing ones, rest is 
encoded as non-zero coefficients. Next step is to 
encode the sign of the trailing ones followed by 

encoding the levels of each of the remaining non-zero 
coefficients. The last two steps are encoding the total 
zeros in the sequence followed by encoding the total 
number of zeros before the last coefficient, which 
relates to the number of zeros present between 
consecutive non-zero coefficients. Position encoding, 
as the name suggests, encodes the position of the 
coefficients. This method gives a better bit 
compression rate or lesser code words for a given 
stream of coefficients and is efficient 
computationally. In conventional CAVLC algorithm, 
the last two steps, Run Before and Total Zeros, is 
actually used for specifying the position of the 
coefficients. This is achieved by specifying how 
many zeros are totally in the set and how many zeros 
are there between each non-zero coefficient. In [1], 

SI 
no. 

Position 
code 

NUMBER OF COEFFICIENTS 
1 2 3 4 5 6 7 8 9 
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the position encoding algorithm replaces the need for 
these two steps with a single one, and creating a 
Position code, which serves the same purpose of the 
former two steps. They focus on the 8-coefficient 
Position encoding where, it can be used only for 8 
coefficients. It can be extended to any number of 
coefficients. An extension of this method to 9 
coefficients is later discussed in this paper. The 
Position encoding involves two parts: 
A. Position mapping 
The whole idea of Position mapping is to map zero 
and non-zero coefficient separately. If a set of ‘n’ 
coefficients are given, each coefficient is 
differentiated as zero and non-zero by mapping the 
non-zero to 1(one) and leaving the zero coefficients 
as 0(zero). So a sequence of 9 coefficients “2 4 0 -1 3 
4 0 1 0”, after position mapped will be “1 1 0 1 1 1 0 
1 0”. Since the encoding of the coefficients is in an 
orderly manner in CAVLC, the knowledge of zeros 
will lead to a correct estimation of the position of 
each of the coefficients. 
B. Position Encoding 
The Position mapped sequence is converted to a 
binary code using a Variable Length Coding (VLC) 
look up table. The corresponding code will be placed 
for the set of coefficients in the final code. This 
reduces considerably the size or length of the code. 
The binary codes are not arranged in any particular 
fashion, but starting from 0 and 1 bit to more bits in 
their increasing order. 
 
III. POSITION ENCODING EXTENDED TO 

9 BITS 
 
Position encoding technique in [1] was based on 8 
coefficients and the case for more number of 
coefficients was not tested. In order to use this as a 
good replacement for the existing method, we try to 
extend that to 9 coefficients, to test the efficiency of 
this method and whether it will work with a similar 
bit rate compression and speed. The major difference 
of a 9 coefficient Position encoding implementation 
is creating a Look Up table, where the Position 
mapped sequence of 9-coefficients can be compared 
and a binary code can be outputted for that sequence 
which represents the position of zeros and non- zero 
coefficients in the given matrix or sequence. Position 
mapping is the same as explained in the previous 
section. The position mapping converts the zigzag 
reordered sequence of transformed and quantized 
macro block into a series of 1s and 0s, for which a 
position code is assigned.  The 9 coefficient look up 
table can be seen in Fig. 3.1, where there are 128 
different cases with the 9 coefficients. For each of the 
cases ranging from one coefficient to 9 coefficients, 
all the different possible positions of the coefficients 
are written down and a binary code is assigned for 
each of them. The binary codes are written starting 
from 0 and going to more number of bits, depending 
on the number of possibilities of the coefficient 

arrangement. Due to this default arrangement, there 
will be a loss of efficiency compared to arranging the 
codes based on the context. If the binary codes are 
assigned based on a probability graph of the given 
macro block or the type of data given, the bigger 
codes can be assigned to the less frequent ones and 
the smaller ones can be assigned to the more frequent 
combinations. The reason for extending this to 9 and 
not 16 is due to the time limitation. In the case of 16 
coefficients (which is the number of coefficients in a 
standard CAVLC macro block), the binary sequence 
will be large, which we will be implementing shortly 
along with some probabilistic modelling of the 
arrangement of the sequences so that, more bit 
compression can be achieved using the same method.  
 
IV. OBSERVATIONS AND RESULTS 
 
The encoding and decoding of conventional CAVLC 
encoding, 8-coefficient position encoding, 9-
coefficient position encoding was simulated in 
MATLAB on an Intel I5 processor machine running 
on Windows 7. The decoder was also simulated to 
test whether the encoded sequences were correct and 
whether a decoder can decode this sequence to get 
back the original input. In the base paper of position 
encoding, the Position encoding could only be 
applied to an 8 element/coefficient block, while in 
most video applications, the macro block is selected 
as 16. By extending this technique for 9-bit case or 9 
coefficients, it is tested for speed and bit compression 
efficiency. This method of Position encoding also 
increases efficiency of the system and this approach 
is based on mapping the position of the zeros present 
in the quantized transform coefficients and encoding 
these positions, rather than encoding the number of 
zeros in the conventional method.  

Table 1. Comparison of Position encoding with the 
conventional CAVLC standard 

 
As the two methods are compared against each other, 
the Position encoding can be seen with a higher bit 
rate compression and slightly faster than the 
Conventional algorithm. It varies slightly with the 
number of bits used for position encoding, but 
generally it is more efficient than the conventional 
algorithm. When 8 coefficients were used for the 
position encoding, the number of final bits in the 
output sequence for the given 8 coefficients for 
Original standard is 24 and for the Position encoding, 
it is only 20, thereby saving 4 bits for the same length 
of input sequence. Thus Position encoding is about 
17% more efficient than the Original algorithm in 

Position 
Encoding  

No. of 
coefficients 

Bit 
Compression(%) 

compared to 
original CAVLC 

standard 

Speed of 
Computation 

in seconds 
(CAVLC 
standard) 

8 16.66 0.1404 (0.1872) 

9 13.33 0.1563 (0.2031) 
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terms of bit compression which is not an easy task to 
achieve.  The reduction of bits comes from the 
replacement of Total zeros and Run before. In the 
case of 9 coefficients and when 9 bits are used for 
this, the efficiency is decreased. Here in the example, 
the input sequence is represented by 9 coefficients, 
which gives a code length of 45 for the original 
standard and only 39 for the Position encoding. This 
9-bit position encoding used the newly constructed 
VLUT table for 9 coefficients. It can be clearly seen 
that, it has an efficiency of about 14%, which is a 3% 
reduction from the previous one. So, it can be 
assumed that, as the number of coefficients and 
thereby the number of bits goes up, the efficiency of 
this method decreases gradually. But this method still 
holds good in terms of the CPU computation time, 
which is explained below. In the code word 
construction given above for the two methods, it is 
evident, as explained earlier, that the two components 
in the Original standard, namely, Total Zeros and Run 
Before, are replaced by a simple part namely, 
Position Code. Thus, two steps are reduced to one in 
this method, thereby replacing the number of 
instructions for the two steps in Original standard by 
half. It can be seen in the CPU time taken for 
executing the two codes for the same input on the 
same computer under the same conditions. The time 
taken for Original standard is 0.1872 seconds while 
the time for Position coding-8 bit is 0.1404, which is 
a good saving in terms of time. In the 9-bit Position 
encoding comparison, the original standard took 
0.2031 seconds and position encoding took 0.1563 
seconds. Compared to the conventional standard, 
where there are computationally many steps to 
encode the position, the computational complexity is 
reduced here by reducing the number of 
computations/ calculations necessary to encode the 
position of the coefficients. An important observation 
here is that, even though the number is increased 
from 8 to 9 coefficient, the time of computation is 
still less. The position encoding is about more that 
25% faster than the original algorithm, in both 8 and 
9 coefficient methods, even though the bit 
compression reduced from 8-coefficient to 9-
coefficient. This reduction of instructions will be 
useful in the hardware implementation, since it can be 
meant as reduction of number of logic gates or 
components in the hardware.  
 
CONCLUSIONS 
 
The conventional CAVLC algorithm is more efficient 
using Position Coding which removes two steps - 
Run Before and Total Zeros and reduces the 
computational steps from 5 to 4. In this project, the 
conventional CAVLC algorithm and the new Position 
encoding method for 8 coefficients and extended 9 
coefficient case, along with their decoders was 
simulated in MATALB. Simulations have shown 
16.66% higher bit compression for 8-coefficient 

Position encoding over the conventional one. A 9-bit 
VLUT table was constructed for testing the efficiency 
of this method with 9 coefficients and a 13.33% 
efficiency was observed for this case over the 
conventional method. This is 3% reduction of bit 
compression compared to the 8 coefficient case. It 
can be speculated that, this method won’t hold good 
for more many number of coefficients. If the number 
of coefficients is less than10, then, a good amount of 
bit compression can be achieved using this method. 
Another important result was the speed of 
computation. Even though the bit compression rate 
reduced from, 8 bit to 9 bit, the speed of computation 
was nearly the same. Both the methods proved to be 
25% computationally faster compared to the original 
standard. Thus, a case where, the number of 
coefficients is less and there is a need for faster 
compression, Position encoding proves good. While 
there are many different techniques present in the 
current literature for hardware and software 
implementation of CAVLC, this project does a 
software one, which is less expensive than changing 
the hardware components and redesigning the 
hardware. The results are good and an improved bit 
level compression and higher computational speeds 
from the original H.264 standard is achieved. 
 
FUTURE WORK 
 
Position encoding with 9 coefficients is tested here 
and it will be extended to 16 coefficients to use in a 
standard CAVLC algorithm, with the addition of 
some probabilistic models which can map the 
arrangement of the binary code words based on the 
type of image, type of transform used and the 
quantization method. This will give a better bit 
compression compared to the direct code word 
assignment done here. 
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