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Abstract—The H.264/AVC intra-only frame encoder, for its 
excellent encoding performance, is well-suited for image/video 
compression applications such as Digital Still Camera (DSC), 
Digital Video Camera (DVC), Television Studio Broadcast and 
Surveillance video. The forward integer transform is an integral 
part of the H.264/AVC video encoder. In this paper, for image 
compression applications running on battery-powered electronic 
devices (such as DSC), we propose a low-power, area-efficient 
realization of the forward integer transform. The proposed 
solution reduces the number of operations by more than 50% (30 
vs. 64) and consumes significantly less dynamic power when 
compared with existing state-of-the-art designs for the forward 
integer transform. For video compression applications such as 
Television Studio Broadcast or Surveillance Videos, where 
throughput is more important, we propose a low-latency, area-
efficient realization of the forward integer transform unit in the 
intra frame processing chain. With the proposed solution, the 
effective latency for forward integer transform is drastically 
reduced, as the processing unit is no longer on the critical path of 
the intra-frame processing chain. Moreover, the proposed 
solution requires half the numbers of operations for its hardware 
implementation, when compared with existing state-of-the-art 
designs for  forward integer transform. 

Keywords- H.264/AVC; Forwad integer transform; Hadamard 
transform; Intra frame encoder. 

I.  INTRODUCTION  
The Advanced Video Coding standard H.264/AVC, also 

known as MPEG-4 part 10, is jointly developed by ITU-T 
VCEG and ISO/IEC MPEG [1]. It is able to achieve 
significantly higher compression efficiency over the previous 
video coding standards, like H.263 and MPEG-2/4. The 
H.264/AVC provides similar subjective video quality as that of 
MPEG-2 with at least 50% more reduction in bit-rate [2], [3]. It 
provides up to 30% better compression when compared with 
H.263+ and MPEG-4 Advanced Simple Profile (ASP) [4]. This 
significantly higher compression efficiency is achieved at the 
cost of additional computational complexity of the video 
coding algorithms in H.264/AVC, approx. 10 times higher 
relative to MPEG-4 simple profile [4].    

The H.264/AVC supports multiple directional intra 
prediction modes (4 modes for the 16x16 block type and 9 
modes for the  4x4 block type) to reduce the spatial redundancy 
in the video signal. These multiple intra prediction modes help 
to significantly improve the encoding performance of an H.264 

intra-frame encoder. Several studies [6][17] have shown that 
H.264/AVC outperforms JPEG2000, a state-of-the-art still 
image coding standard, in terms of subjective as well as 
objective image quality. This makes H.264/AVC intra-frame 
encoder, an attractive choice for an image compression engine. 
Applications like Digital Still Camera (DSC) can employ intra-
frame encoding technique to compress high-resolution images.   

In a video frame encoded in intra mode, the current macro-
block (MB) is predicted from the previously encoded 
neighboring MBs from the same video frame. Therefore, an 
intra-frame with all intra-MB, does not depend on any other 
video frame(s) and can be decoded independently. A video 
encoded with intra-frames only is easier to edit than video with 
predicted frames. Similarly in many surveillance systems, the 
video is compressed using intra frames encoding mode due to 
legal reasons. Courts do not accept the predicted image frames 
as legal evidence in many countries [5]. As a result, a typical 
video surveillance system compresses video using intra 
encoded frames only. Consequently, intra-only video coding is 
widely used coding technique in Television Studio Broadcast, 
Digital Cinema and Surveillance video applications.    

A high-throughput intra-frame processing chain is, 
therefore, an important requirement for H.264/AVC intra-frame 
encoder for real time video processing applications. Similarly a 
low-power solution is more important for battery-powered 
devices such as Digital Still Camera (DSC) applications. .   

In this paper, we focus on the realization of a forward 
integer transform unit in an H.264/AVC intra-frame encoder 
and provide solutions for two application domains. The first 
solution targets a low-power realization of the forward integer 
transform requirement for battery-powered electronic devices. 
The second solution targets high performance computing, 
where the main objective is to reduce latency and complexity 
of the forward integer transform unit in the intra-frame 
encoder processing chain. In this context, we provide the 
following specific contributions:  

 
- A proposal to derive the forward integer transformed 

coefficients directly from that of the forward 
Hadamard transform unit rather than from residual 
pixel block data. This approach reduces the number 
of addition operations by more than half (30 vs. 64) 



and, therefore, the hardware implementation can 
potentially consumes less dynamic power.   

 
- A proposal for low latency, low complexity forward 

integer transform unit by aggressively re-using the 
intermediate results from Hadamard transform unit. 
The proposed solution reduces the number of 
operations by 50% (32 vs 64) and provides zero 
penalty to the intra-frame encoder critical path.    

 
The remainder of this paper is organized as follows.  The 

background and related work for the problem is presented in 
Section II. Section III describes the proposed solutions in detail 
whereas Section IV provides comparison results. Finally, 
Section V concludes this paper. 

II. BACKGROUND AND RELATED WORK 
This section briefly describes the background knowledge 

for H.264/AVC intra-frame encoder to clearly identify the 
problem. The related work in the literature is provided further 
in this section.  

The functional block diagram for H.264/AVC intra-frame 
encoder is depicted in Fig. 1. The Intra-mode Prediction, 
Forward Integer Transform (T), Quantization (Q), Inverse 
Quantization (IQ) and Inverse Integer Transform (IT) is the 
encoding loop for the intra-frame encoder. All of these 
processing units constitute the intra-frame processing chain and 
are on the critical path of the H.264/AVC intra-frame encoder.    

The H.264/AVC intra-mode prediction supports multiple 
prediction modes (4 modes for the 16x16 block type and 9 
modes for the 4x4 block type) to exploit the spatial correlation 
between the block to be encoded and its already encoded 
neighboring blocks to significantly reduce the predictive error. 
When a block is to be encoded in intra mode, a corresponding 
prediction block is formed using previously encoded and 
reconstructed blocks. The mode decision unit determines the 
best mode for the block at hand. The reference software for 
H.264/AVC encoder utilizes a Lagrange cost function to make 
an intra prediction mode decision. The cost for any given intra 
mode is computed as follows: 

JMode(MBk,Ik|QP,λMode) = D(MBk,Ik|QP) + λMode* R(MBk,Ik|QP)    (1) 
 
Where λMode,, D and R represents the Lagrange parameter, 
distortion and rate, respectively. The rate (R) is estimated by 
the number of bits to encode the mode whereas the distortion 
(D) is measured using the Sum of Absolute Difference (SAD) or 
the Sum of Absolute Transformed Differences (SATD) of the 
residual block data. The SATD, however, is more precise in 
estimating the distortion and provides better encoding video 
quality.  The H.264/AVC reference software uses the forward 
Hadamard transform to compute the frequency domain 
coefficients for the candidate intra-prediction mode [7]. The 
distortion (D) in Eq. (1) is estimated by using the absolute sum 
of all these Hadamard transformed coefficients. 

The intra prediction process of a block requires the 
reconstructed pixels of the (Left and/or Top) neighbor blocks. 
Therefore, the intra prediction process can not be started until  

 
Fig. 1 Functional blocks for H.264 Intra Frame Encoder 

 

these reconstructed pixels of the neighbor blocks are not 
available for prediction. The reconstruction process involves 
the Forward Integer Transform (T), Quantization (Q), Inverse 
Quantization (IQ) and Inverse Integer Transform (IT) 
processing units. Consequently, low-latency is an important 
requirement for all of these processing units for the 
development of an efficient intra-frame encoder.  

In the last few years many researchers proposed a number 
of optimized algorithms and efficient architectures for intra 
frame processing chain. A number of algorithms [21] – [23] 
have been proposed in the literature to reduce the complexity 
and computational load of the intra prediction and mode 
decision units. These fast algorithms either restrict the number 
of possible candidate modes by exploiting different 
characteristics (edge orientation, correlation, etc.) of the video 
block in the video frame and/or compute only partial cost. 
Similarly for forward integer transform unit, the major focus of 
research has been to develop fast algorithms with minimal area 
requirement for its hardware implementation. In [8], Liu, et al., 
used a parallel register array to realize the transpose operation 
for the 2-D 4x4 forward integer transform. In [9], Cheng 
proposed high-throughput 4x4 integer transform architecture 
with no transpose memory requirement.  Fan, et al., proposed a 
fast 2-D transform algorithm in [10]. Similarly in [11] – [13], a 
number of fast algorithms for the integer transform have been 
proposed.  

The H.264/AVC encoder utilizes multiple transforms 
(Forward/Inverse) Integer Transform and (Forward/Inverse) 
Hadamard Transform. Therefore, recently, the research focus 
has been shifted to design a unified transform block to support 
multiple transforms in H.264 [14]–[18]. The motivation for 
such efforts is to reduce the on-chip area requirement for the 
hardware implementation of these transforms units by sharing 
area between them. The proposed architectures although 
support multiple transforms in H.264/AVC, but mostly provide 
only one type of transform at a time. All of these architectures 
take residual data as an input and provide the transformed 
coefficients for the selected type of transform at the output.  

III. PROPOSED SOLUTION 
In this section, we first describe the low-power and area-

efficient solution for image processing applications along with 
corresponding hardware implementations. The low-latency, 
area-efficient solution for video applications is described in the 
end of this section. 



In this paper, we followed a different approach from the 
related work cited in Section. II. As described earlier, the 
forward Hadamrad transformed coefficients are used to 
estimate the distortion for the candidate intra prediction 
modes [7]. As part of a low-power, low-area solution for the 
battery-powered electronic devices, we propose to derive the 
integer transformed coefficients directly from the Hadamard 
transformed coefficients for the best intra prediction mode 
rather than from the residual block data. The proposed 
solution requires less than half the number of additions (30 vs 
64) when compared with those for state-of-the art-design in 
literature. Similarly for video processing applications with 
high-throughput requirement, we propose a low-latency 
forward integer transform realization by re-using the 
intermediate results from the Hadamard transform unit in the 
intra-prediction mode decision process. This approach helps to 
reduce the number of addition operations by half (32 vs. 64) 
and diminishes the effective latency penalty to zero, as the 
proposed computation for the integer transform is removed 
from the critical path. 

A. Cascaded Processing Unit for Image Processing 
Applications 

 
The H.264/AVC uses a 2D-DCT-based integer transform 

" "C  for all 4x4 block of residual pixel data " "X  and is 
given as follows 

                           TZ C X C=                       (2) 
where 

                        
1 1 1 1
2 1 1 2
1 1 1 1
1 2 2 1

C
⎛ ⎞
⎜ ⎟
⎜ ⎟− −
⎜ ⎟− −⎜ ⎟
⎜ ⎟− −⎝ ⎠

=                (3) 

 
Similarly, the 2-D Hadamard transformed coefficients " "Y  
for a 4x4 input block " "X  is computed using the Hadamard 
transform " "H  as follows. 
 

TY H X H=                 (4) 
where 

1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1

H
⎛ ⎞
⎜ ⎟
⎜ ⎟− −
⎜ ⎟− −⎜ ⎟
⎜ ⎟− −⎝ ⎠

=     (5) 

 
If " "S  is such a transform that it can be used to convert the 
forward Hadamard transform coefficients " "Y  into forward 
integer transform coefficients " "Z , then for 1-D case, we can 
write 
                          1C S H S C H −= ⇒ =       (6)  

and " "S  can be represented by the following:  
 

1 0 0 0 1 0 0 0 0 0 0 0
0 1.5 0 0.5 0 1 0 0 0 0.5 0 0.5
0 0 1 0 0 0 1 0 0 0 0 0
0 0.5 0 1.5 0 0 0 1 0 0.5 0 0.5

S
⎛ ⎞ ⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟ ⎜ ⎟

= = +⎜ ⎟ ⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟ ⎜ ⎟− −⎝ ⎠ ⎝ ⎠ ⎝ ⎠

    (7) 

 
Fig. 2 (a) Signal flow diagram for 1-D S transform, (b) Basic 

processing block for 1-D S transform  
 

The proposed 1-D transform requires 4 additions and 2 
shift operations to generate the integer transform coefficients 
from the Hadamard transform coefficients data.  The 
corresponding signal flow diagram for 1-D case is depicted in 
Fig. 2. The fast 1-D forward integer transform algorithm in 
[19] requires 8 additions along with 2 shift operations to 
compute the same forward integer transform results from intra 
prediction residual data.  
 

The 2-D transform can be realized by row-column 
processing using two 1-D " "S  transform units and a single 
transpose unit. This organization requires a total of 32 
additions and 16 shift operations to generate integer transform 
coefficients from Hadamard transformed coefficients data. In 
case the forward integer transform coefficients are generated 
from the intra prediction residual data, the fast algorithm using 
row-column computation method in [13], [14] requires 64 
additions and 16 shifts operations. Therefore, our proposal 
reduces the number of additions by half when compared with 
the current state-of-the-art method in literature.  

The major disadvantage of the row-column method for 2-
D transform is that it requires a transpose unit between 
successive 1-D transform operations. The transpose unit is on 
the critical path; therefore, it increases the latency of the 
processing chain and also requires significant area for its 
implementation. The transpose unit can be removed from the 
processing chain by using a direct 2-D transform method.  

 
For 1-D processing, only two Hadamard transformed 

coefficients (Odd numbered coefficients) are processed for 
any given column or row in " "Y  (Fig 2a). The input 
coefficients with even numbered rows and even numbered 
columns are passed unaltered. The coefficients at the cross-
section of odd rows and odd columns are processed in both 
directions. The coefficients with either odd numbered row or 
odd numbered column are processed only once as part of 1-D 
column or row-transform operation respectively. The 2-D 
transform can be realized using the processing blocks “P”  



 
 
 
 

Fig. 3 Row-column processing for 2-D transform 
 
identified in Fig. 2b. The functional block diagram for 2-D 
transform is depicted in Fig. 4. 

The 2-D transform no longer requires a transpose unit 
anymore. The number of adders remains the same, i.e., 32, as 
for the row-column processing depicted in Fig. 3. This number 
can be further reduced by removing redundant operations 
between cascaded P processing units in Fig. 4 using the direct 
2-D transform algorithm.   

The direct 2-D algorithm for transform" "S in (6), can be 
derive as follows: 

 
( ) ( ) ( )vec Z S S vec Y= ⊗ ⋅         (8) 

 
In (8), “ ⊗ ” is the Kronecker product. ( )vec Y  is the column 
vector, consisting of Hadamard transform coefficients as 
input and ( )vec Z  represents the corresponding column vector 
with forward Integer transform coefficients values as output 
of the direct 2-D computation approach.  
We further define permutation matrices rP  and cP , such that  

16
( ) ( ) ( ) ( )T T T T

r r r r c c c cI P P P P P P P P= ⋅ = ⋅ = ⋅ = ⋅    (9) 
 
then from (8) 

 
( ) ( )T T

r cvec Z P M P vec Y= ⋅ ⋅ ⋅        (10) 
 

where        ( )r cM P S S P= ⋅ ⊗ ⋅                        (11) 
 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1.5 0.5 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0.5 1.5 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1.5 0.5 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.5 1.5 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1.5 0.5 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0.5 1.5 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1

M
−

−

−

=
.5 0.5 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0.5 1.5 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 2.25 0.25 0.75 0.75
0 0 0 0 0 0 0 0 0 0 0 0 0.25 2.25 0.75 0.75
0 0 0 0 0 0 0 0 0 0 0 0 0.75 0.75 2.25 0.25
0 0 0 0 0 0 0 0 0 0 0 0 0.75 0.75 0.25 2.25

⎛ ⎞
⎜ ⎟
⎜ ⎟
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⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
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⎜ ⎟
⎜ ⎟
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⎜ ⎟
⎜ ⎟
⎜ ⎟− −⎜
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⎟
⎟
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1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0

rP =

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0

1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

cP

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
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⎜ ⎟
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=

0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
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 (12) 

 
Fig. 4 Functional block diagram for 2-D transform 

 
From (11), we can further decompose " "M as follows 
 

4 4 4 4

4 1 4 4

4 4 1 4

4 4 4 2

M

I O O O
O M O O
O O M O
O O O M

⎛ ⎞
⎜ ⎟
⎜ ⎟=
⎜ ⎟
⎜ ⎟
⎝ ⎠

           (13) 

Where  

1 2

1.5 0.5 0 0 9 1 3 3
0.5 1.5 0 0 1 9 3 3

; (1 / 4 )
0 0 1.5 0.5 3 3 9 1
0 0 0.5 1.5 3 3 1 9

M M
⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟− − −

= = •⎜ ⎟ ⎜ ⎟− −⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟− − −⎝ ⎠ ⎝ ⎠

 

 
     The functional block diagram for (10) is depicted in Fig. 
5(a). The signal flow graph for 1M  and 2M  is depicted in 
Fig 5(b) and Fig 5(c), respectively. The hardware 
implementation for (10) requires 30 adders in all. The number 
of adders are reduced to a value less than half (64 vs. 30), 
when compared with existing state-of the art fast 2-D integer 
transform hardware architectures in the literature. Therefore, 
the proposed solution not only requires less area for its 
hardware implementation at one hand, but additionaly 
consumes low dynamic power on the other, because of 
reduced number of adder units. 

 

 



 

 
 

Fig. 5 (a) Functional block diagram for 2-D transform, 
(b) Signal flow graph for 1M , (c) Signal flow graph for 2M  

  

B. Parallel Processing Unit for Video Processing 
Applications 
As mentioned previously in Section I, the intra prediction 

process for the next block can not be started until the 
reconstructed pixels for the current block are not available for 
prediction. The intra-frame only video applications, such as 
Television Studio Broadcast, require efficient processing chain 
in terms of throughput for real-time processing of high-
resolution videos. The forward integer transform is on the 
critical path for intra frame encoder. Therefore, a low-latency 
and area-efficient realization of forward integer transform is 
an important requirement for an efficient intra frame 
processing chain. The straightforward solution for low-latency 
can be achieved by implementing the forward integer 
transform unit in parallel with the intra prediction mode 
decision unit. Depending on the outcome of the intra 
prediction mode decision unit, the forward integer 
transformed block for the selected mode can be passed on to 
the next processing unit in the chain with zero latency. This 
approach provides an efficient solution for latency issue. The 
area and power consumption for such a solution can be 
reduced by overlapping the parallel processing units, i.e., the 
forward integer transform unit and Hadamard transform unit 
in intra mode decision functional block in Fig. 1.  The area is 
reduced by re-using the common intermediate results from the 
Hadamard transform unit. The more the common intermediate 
results are, the more shall be the area reduction. The 
remainder of this section describes our approach to identify 
the common intermediate results and the architecture for its 
hardware implementation. 

From (2) and (4), the 2-D 4x4 forward integer transform 
and 2-D forward Hadamard transform can be expressed as 
follows: 

 

( ) ( ) ( )vec Z C C vec X= ⊗ ⋅  (14) 
( ) ( ) ( )vec Y H H vec X= ⊗ ⋅          (15) 

 
where “ ⊗ ” is the Kronecker product, ( )vec X  is the input 
column vector containing residual pixel data, ( )vec Z and 

( )vec Y  are the corresponding output column vectors for the 
forward integer transform coefficients and the Hadamard 
transform coefficients results, respectively.  
We can write as follows: 
 
       ( ) ( ) ( ( ) ( ))vec Z vec Y vec Z vec Y= + −                      
=>  ( )( ) offsetZ Yvec vec O= +                                                (16) 
 

Thus the forward integer transformed coefficients can be 
derived from Hadamard transformed coefficients by adding 
an appropriate value for corresponding offset for each 
coefficient. Using (14), (15), and (16), the “ offsetO ” can be 
computed as follows:  

    ( )
offset

O Q vec X= ⋅                      (17) 
where 

    ( ) ( ))Q C C H H= ⊗ − ⊗       (18) 
 
" "Q  is the difference of Kronecker product of the forward 
integer transform and the forward Hadamard transform, 
where " "H  and " "C  are defined in (3) and (5), respectively. 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0
1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1
3 1 1 3 1 0 0 1 1 0 0 1 3 1 1 3
1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1
1 3 3 1 0 1 1 0 0 1 1 0 1 3 3 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1
0 0 0 0 0 0

Q

− − − −

− − − −
− − − −

− − − − − −
− − − −
− − − − − −

− − − −

=

0 0 0 0 0 0 0 0 0 0
0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0
0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0
1 0 0 1 3 1 1 3 3 1 1 3 1 0 0 1
0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0
0 1 1 0 1 3 3 1 1 3 3 1 0 1 1 0

− − − −
− − − −

− − − − − −
− − − −

− − − − − −
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⎜ ⎟
⎜ ⎟
⎜ ⎟
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We further define permutation matrices

1rP , 
2rP  and 

3rP such 
that: 
 

16 1 1 1 1
( ) ( )T T

r r r rI P P P P= ⋅ = ⋅ , 
16 2 2 2 2

( ) ( )T T

r r r rI P P P P= ⋅ = ⋅   and   

16 3 3 3 3
( ) ( )T T

r r r rI P P P P= ⋅ = ⋅              
 
While considering the intermediate results generated in the 2-
D Hadamard transform processing and using permutation 
matrices defined above, we split " "Q  in (18) into 3 matrices 

1

^

Q , 2

^

Q , and 3

^

Q , such that : 

11 1

^

.rQ P Q=  ,   22 2

^

.rQ P Q=    and    33 3

^

.rQ P Q=  
 
From (17) and (18), we can write: 

4I

1M

1M

2M

T

rP T

cP ( )vec Z( )vec Y



1 2 31 2 3( ) ( )T T T

offset r r rO P Q P Q P Q vec X= ⋅ + ⋅ + ⋅ ⋅       (19) 
1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1
2 0 0 2 1 0 0 1 1 0 0 1 2 0 0 2
1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1
1 0 0 1 2 0 0 2 2 0 0 2 1 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0

1Q

− − − −
− − − −
− − − −
− − − −

=

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟⎜ ⎟
⎝ ⎠

         (20)  

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0
0 2 2 0 0 1 1 0 0 1 1 0 0 2 2 0
0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0
0 1 1 0 0 2 2 0 0 2 2 0 0 1 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0

2Q

− − − −
− − − −
− − − −
− − − −=

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟⎜ ⎟
⎝ ⎠

        (21) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1
1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1
1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1
1 1 1 1 0 0 0

3Q
− − − −

− − − −
− − − −
− −

=
4 4 4 4

4 4 4 4

4 4

4 4

0 0 0 0 0 1 1 1 1
0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0
0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0
0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0
0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0

O O O O
O O O O
H O O H
O H H O

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟ ⎛ ⎞⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟−⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟−⎝ ⎠⎜ ⎟
⎜ ⎟
⎜ ⎟− −
⎜ ⎟

− − − −⎜ ⎟
⎜ ⎟− − − −⎜ ⎟
⎜ ⎟− − − −
⎜ ⎟⎜ ⎟− − − −⎝ ⎠

=  (22) 

and  
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
0 0 0 0

rP =

0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟⎜ ⎟
⎝ ⎠

 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

0 0 0 0

rP =

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

0

3

0 0 0 0 0 0 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

; rP
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=

0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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 From (20) and (21), we can observe that 1" "Q  and 2" "Q  
compute the difference (or difference scaled by a factor of 2) 
between the 1st and 4th rows, or 2nd and 3rd rows of the input 
block" "X , respectively. The difference between these rows 
is also computed in the 2-D Hadamard transform 
computations. Similarly, in (22), 3" "Q computes the 
difference between rows of 1-D Hadamard transformed 
results. Again, these difference values are also computed as 
part of the 2-D Hadamard transform computation. We can 
reuse these intermediate results from the 2-D Hadamard 
transform and therefore replace the input ( )vec X  by input 

( )vec D with difference values. Consequently, from (19) we 
can derive: 

1 2 31 2 3( ) ( )
offset r r rO P W P W P W vec D= ⋅ + ⋅ + ⋅ ⋅           (23) 

where 1" "W , 2" "W  and 3" "W  are given as follows: 

4 4 41 [ ]TW C O O O= ; 
4 4 42 [ ]TW O C O O=  

4 4 4 43 [ ]TW O O I I=              (24) 
and  

( ) [ (0) (1) (2) ... (15)]Tvec D D D D D=        (25) 
where 
D (0) = x 00 - x 30; D (1) = x 01 - x 31; 
D (2) = x 02 - x 32; D (3) = x 03 - x 33; 
D (4) = x 10 - x 20; D (5) = x 11 - x 21; 
D (6) = x 12 - x 22; D (7) = x 13 - x 23; 
D (8)   = X 00 - X 03; D (9)   = X 10 - X 13; 
D (10) = X 20 - X 23; D (11) = X 30 - X 33; 
D (12) = X 01 - X 02; D (13) = X 11 - X 12; 
D (14) = X 21 - X 22; D (15) = X 31 - X 32; 
 
x ij is a data item from the 4x4 input block containing residual 
pixel data and X ij represents the 1-D Hadamard transformed 
coefficient for the 4x4 input block. Whereas i, j = 0, 1, 2 and 
3; denotes the row/column respectively in the 4x4 input block.  
The signal flow diagram for (23) is depicted in Fig. 6.  
Consequently, the proposed design requires 20 adders for 
computation of offsetO  in hardware and another 12 adders to 
compute the forward integer transform coefficients by adding 
the offset values to the Hadamard transformed coefficients. 
The computation unit for offsetO  operates in parallel with the 
forward Hadamard transform unit and, therefore, it does not 
contribute to the overall latency of the intra frame processing 
chain. 

IV. DESIGN EVALUATION 
The two solutions proposed in this paper were implemented 

in VHDL and synthesized by Synopsys Design Compiler 
(v2002 rev05), for a maximum clock frequency of 200 MHz 
with 0.18 CMOS standard cell library (v1.5). Both 
implementations were simulated using ModelSimTM and the 
results were verified with those of H.264/AVC Reference 
Software [7]. After logic synthesis, the dynamic power 
consumption was estimated using Synopsys PrimePowerTM . 



TABLE I.  COMPARISON TABLE FOR SINGLE TRANSFORM TABLE II.  COMPARISON TABLE FOR MULTIPLE TRANSFORM 

  Cheng [9] Roman[13] Lin[18] Proposal 1 Huang[16] Fan[14] Woong[15] Proposal 2 

DPRa (pixels/cycle) 8 16 8 16 8 4 16 16 
Transpose / 
Permutation Permutation Permutation Permutation Permutation Transpose Transpose Permutation Permutation 

Transform Type 4x4 4x4 4x4 4x4 Multiple Multiple Multiple Multiple 

Technology (μm) 0.35 0.18 0.35 0.18 0.18 0.18 0.18 0.18 
Latency (ns) 10.93 6.30 30.66 4.82 20.00 16.00 5.00 4.92 
Speed (MHz) 91 159 33 200 50 125 200 200 
Throughput 
(pixels/sec) 732M 2552M 261M 3200M 400M 500M 3200M 3200M 

Area (gates) 2539 11727 15327 2638 39800 6458 63618 9926 
Throughput/Area 

(pixels/s) 288K 218K 17K 1213K 10K 77K 50K 323K 

Power (mW) NA NA NA 
3.7c @ 

31.25MHz
38.7 @ 
50MHz 

9.1 b  @ 
62.5MHz

86.9 @ 
200MHz 

78.52 @ 200MHz, 
4.08 @ 16MHz 

Throughput/Power 
(Mpixels/s/mW) NA NA NA 135 10.34 54.9 36.8 40.75 

a  Data Processing Rate 
b Power consumption by the transpose register, estimated by PrimePower is 4.102 mW [15] 
c The result computed for same throughput as that of [14]  

 
Our first solution, for the forward integer transform, targets 

image processing applications running on battery-powered 
electronic devices, such as DSC. The comparison with the 
existing single 4x4 forward integer transform solutions from 
the literature is provided in Table 1. From the comparison with 
other solutions, we suggest that the proposed solution provides 
the minimum latency penalty (4.82ns) among all solutions in 
Table 1. and also requires significantly less area (2.6K gates) 
in terms of equivalent gate count for its hardware 
implementation. Therefore, it provides up to 5 times better 
performance in terms of throughput/area ratio for the same 
process technology. This is achieved by significantly reducing 
the number of addition operations (30 vs. 64) and higher data 
processing rate (16 vs. 4) for the realization of the forward 
integer transform. The power consumption for the other single 
4x4 forward integer transform solutions is not available, 
therefore, we cannot compare the dynamic power 
consumption results.   

Our second solution targets real-time video processing 
applications, such as Television Studio Broadcast or 
Surveillance videos, where throughput is more important. We 
proposed a low-latency, area-efficient realization of forward 
integer transform unit in the intra frame processing chain. 
With this proposed solution, the effective latency penalty for 
the forward integer transform unit is  reduced to zero, as the 
computation for the forward integer transform is no longer on 
the critical path. For comparison with multiple transform 
solutions, we merged the 4x4 forward Hadamard transform 
unit with our proposal. The comparison results for multiple 
transform solution are provided in Table 2. In additions to zero 
latency penalty in the intra-frame processing chain, the 
proposed solution provides up to 30 times better performance 
in terms of throughput/area ratio. This is achieved by 

aggressively reusing the intermediate results from the 
Hadamard transform unit to reduce the number of addition 
operations by 50% (32 vs. 64) for realization of the forward 
integer transform, higher maximum operating frequency (200 
MHz) and data processing rate (DPR : 16 pixels/cycle). The 
comparison of dynamic power consumption with [14] needs 
some clarifications. The solution in [14] consumes 9.1 mW for 
a throughput of 250M pixels/s whereas the proposed solution 
in this paper consumes 78.52 mW for a throughput of 3200M 
pixels/s (approximately 13x higher throughput). However, the 
dynamic power consumption for the proposed solution for the 
same throughput as that of [14], is only 4.08mW.  

As  [13], [14], [15], and [16] have been synthesized for the 
same technology as our proposals, the performance and power 
efficiency benefits can be derived straight from Table 1 and 
Table 2. Regarding [9] and [18] in Table 1, further 
investigations suggest that our design is more performance 
and power efficient. Compared to [9], which is the more 
efficient design of the two, we identify that our proposal 
provides 2x higher data processing rate yet do not require a set 
of (8, 13-bit) multiplexer units to implement data paths with 
and without shift operations to realize multiplications. 
Therefore, the proposed solution shall not only require less 
area for its hardware implementation at one hand for 0.35 μm 
process technology, but also potentially consumes low 
dynamic power on the other, because of reduced number of  
processing units. 

V. CONCLUSION 
In this paper, we proposed two solutions for realization of 

the forward integer transform in the processing chain of intra-
only frame encoder applications. The first solution targeted 
image compression applications running on battery-powered  



 
 

Fig. 6 Data flow for computation of offsetO   
electronic devices, such as Digital Still Camera (DSC).  The 
proposed solution utilizes a novel 2-D transform to derive the 
forward integer transform coefficients directly from that of 
Hadamard transform with significantly reduced number of 
operations and, therefore, area and power consumption. The 
second solution targeted video compression applications 
processing high-resolution video frames in real-time, such as 
Digital Video Camera (DVC), Television Studio Broadcast 
and Surveillance video. The proposed solution reduced the 
effective latency penalty of the forward integer transform to 
zero. Moreover, it aggressively re-used the intermediate 
results from Hadamard transform and, therefore, requires 
significantly reduced number of operations and thus less area 
for its hardware implementation. 

REFERENCES 
[1] ITU-T Rec. H.264 and ISO/IEC 14496-10:2005 (E) (MPEG-4 AVC), 

“Advanced Video Coding for Generic Audiovisual Services”, 2005. 
[2] ISO/IEC JTC1/SC29/WG11, “Report of the Formal Verification Tests 

on H.264/AVC,” doc. N6231, Waikoloa, USA, 2003. 
[3] G. Sullivan, P. Topiwala and A. Luthra, “The H.264/AVC Advanced 

Video Coding Standard: Overview and Introduction to the Fidelity 
Range Extensions”, SPIE Conf. On Apps. Of digital Image Processing, 
vol.5558, pp. 454-474, 2004. 

[4] J. Ostermann, J. Bormans, P. List, D. Maroe, M. Narroschke, F. Pereira, 
T. Stockhammer and T. Wedi, “Video Coding with H.264/AVC: Tools, 
Performance and Complexity”, IEEE Circuit and Systems Magazine, vol 
4, no. 1, pp. 7-28, 2004. 

[5] G.L. Foresti, P. Mahonen and C.S. Regazzoni, “Multimedia Video-
Based Surveillance Systems: Requirements, Issues and Solutions”, 
Kluwer Academic Publishers, ISBN 0-7923-7927-6, 2000. 

[6]  Y. W. Huang, B. Y. Hsieh, T. C. Chen, L. G. Chen, “Analysis, Fast 
Algorithm, and VLSI Architecture Design for H.264/AVC Intra Frame 
Coder”, IEEE Transaction on Circuit and Systems for Video Technology 
(CSVT), vol. 15, no. 3, pp. 378-401, 2005. 

[7]  Reference Software for H.264 codec JM 7.5b: 
http://iphome.hhi.de/suehring/tml/index.htm 

[8]  L. Z. Liu, Q. Lin, M. T. Rong, and J. Li,“A 2-D Forward/Inverse 
Integer Transform Processor for H.264 based on Highly-Parallel 
Architecture”, Proc. 4th IEEE Int. workshop on system-on-Chip for Real-
Time Applications ,  pp. 158-161, 2004 

[9]  Z. Y. Cheng, C. Chen, B.D. Liu, and J. F. Yang, “High Throughput 2-D 
Transform Architectures for H.264 Advanced Video Coders”, Proc. 
IEEE Asia-Pacific Conf. Circuits and Systems. Pp 1141-1144,  2004. 

[10]  C. P. Fan, “Fast 2-Dimensional 4x4 Forward Integer Transform 
Implementation for H.264/AVC”, IEEE Transaction on Circuit and 
Systems II , vol. 53, no. 3, pp. 174-177,  2006. 

[11]  T. C. Wang, Y. W. Huang, H. C. Fang, and L. G. Chen. “Parallel 4x4 
2D Transform and Inverse Transform Architecture for MPEG-4 
AVC/H.264.”, Proc. IEEE Int. Symp. Circuits and Systems, pp. 800-803,  
2003.  

[12]  K. H. Chen, J. I. Guo, and J. S. Wang, “A High-Performance Direct 2-D 
Transform IP Design for MPEG-4 AVC/H.264”, IEEE Transaction on 
Circuits and Systems for Video Technology. Vol 16, no. pp. 472-483,  
2006. 

[13] Roman. C. Kordasiewics, S. Shirani  “ASIC and FPGA Implementations 
of H.264 DCT and Quantization Blocks.”, IEEE Int. Conf. on Image 
Processing (ICIP), vol. 3, pp. 1020-1023, 2005. 

[14] C. P. Fan, “Cost-effective Hardware Sharing Architectures of Fast 8x8 
and 4x4 Integer Transforms for H.264/AVC”, IEEE Asia Pacific Conf. 
on Circuits and Systems, pp. 776-779, 2006. 

[15] W. Hwangbo, and C. M. Kyung, “A Multitransform Architecture for 
H.264/AVC High-Profile Coders”, IEEE Transactions on Multimedia, 
vol. 12, no. 3,  2010. 

[16] C. Y. Huang, L. F. Chen, and Y. K. Lai, “A High-speed 2-D Transform 
Architecture with Unique Kernel for Multi-standard Video 
Applications”, IEEE Int. Symposium on Circuits and Systems(ISCAS), 
pp. 21-24,   2008. 

[17] Y. Li, Y. He, and S. Mei, “A Highly Parallel Joint VLSI Architecture for 
Transforms in H.264/AVC”, Journal of Signal Processing Systems, vol. 
50,  no. 1,  pp. 19-32,  2008 

[18] H. Y. Lin, Y.C. Chao, C. H. Chen, B. D. Liu, and J F. Yang, “ 
Combined 2-D transform and Quantization Architectures for H.264 
Video Coders”, ISCAS, pp. 1802-1805,  2005 

[19] H. S. Malvar, A. Hallapuro, M. Karczewicz, and L. Kerofsky, “Low-
complexity Transform and Quantization in H.264/AVC”, IEEE 
Transaction on Circuits and Systems for Video Technology, vol. 13, no. 
7, pp. 598-603,  2003 

[20] D. Marpe, V. George, H. L. cycon, K. U. Barthel, “Performance 
Evaluation of Motion-JPEG2000 in Comparison with H.264/AVC 
Operated in Pure Intra Coding Mode”, SPEI Conference on Wavelet 
Applications in Industrial Processing, pp. 129-137, 2003. 

[21] G. jin and H. J. Lee, “A Parallel and Pipelined Execution of H.264/AVC 
Intra Prediction”, IEEE International Conference on Computer and 
Information Technology (CIT), pp. 246-251, 2006. 

[22] E. Sahin and I. Hamzaoglu, “An Efficient  Hardware Architecture for 
H.264 Intra Prediction Algorithm”, DATE, pp. 44-49, 2007. 

[23] M. Shafique, L. Bauer, and J. Henkel, “A Parallel Approach for High 
Performance Hardware Design of Intra Prediction in H.264/AVC Video 
Codec”, DATE, pp 1434-1439,  2009

 

(1)D

(0)D

(9)D

(8)D

(10)D

(2)D

(3)D

(4)D

(5)D

(7)D

(6)D

(11)D

(12)D

(13)D

(14)D

(15)D

(1)offsetO

(0) 0offsetO =

(3)offsetO−
(2) 0offsetO =

(5)offsetO

(4)offsetO

(7)offsetO

(6)offsetO

(9)offsetO

(8) 0offsetO =

(11)offsetO−

(10) 0offsetO =

(13)offsetO

(12)offsetO

(15)offsetO−

(14)offsetO−



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


