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T
he new H.264/AVC coding standard
significantly outperforms previous video
coding standards with many new coding
tools. However, the high performance

comes at a price. Its extraordinarily huge computational complexity and
memory access requirement makes it difficult to design a hardwired codec

for real-time applications. Furthermore, due to the complex, sequential, and
highly data-dependent characteristics of the essential algorithms in H.264/AVC,

both the pipelining and the parallel processing techniques are too constrained to
be directly employed. The hardware utilization and throughput are also decreased

because of the block/macroblock/frame-level reconstruction loops. In this article, we
suggest some techniques to design the H.264/AVC video coding system for HDTV

applications. The design exploration is made according to software profiling. The design
considerations of system scheduling and pipelining are discussed followed by the

architecture optimization of the significant modules. The efficient H.264/AVC video coding
system is achieved by combining these techniques.

H.264 Overview
H.264/AVC can save 25–45% and 50–70% of bit rates compared with MPEG-4 advanced sim-

ple profile (ASP) and MPEG-2, respectively [1]. Although the motion-compensated transform-
coding structure is still adopted, many new features are used to achieve much better
compression performance and subjective quality. To remove spatial redundancy, H.264/AVC
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intraprediction suggests 13 prediction modes to improve predic-
tion. To remove more temporal redundancy, interprediction is
enhanced by motion estimation (ME) with quarter-pixel accura-
cy, variable block sizes (VBSs), and multiple reference frames
(MRFs). Moreover, the advanced entropy coding tools use content
adaptivity to reduce more statistic redundancy. The perceptual
quality is improved by the in-loop deblocking filter. Interested
readers can refer to [2]–[4] for a quick and thorough study.

There are many potential applications of H.264/AVC. Ongoing
applications range from high-definition digital video disc (HD-
DVD) or BluRay for home entertainment to digital video broad-
casting for handheld terminals (DVB-H). However, computational
complexity comes with the coding performance of H.264/AVC.
According to the instruction profiling with the HDTV specifica-
tion, the H.264/AVC decoding process requires 83 giga-instruc-
tions per second (GI/s) computation and 70 GB/s memory access.
As for the H.264/AVC encoding process, up to 3,600 GI/s compu-
tation and 5,570 GB/s memory access are required. For real-time
applications, the acceleration by dedicated hardware is a must.

It is difficult to design efficient architectures for an
H.264/AVC hardwired codec. In addition to extraordinarily
huge computational complexity and the memory access
requirement, the coding path is very long because it includes
intra/interprediction, block/macroblock (MB)/frame-level
reconstruction loops, entropy coding, and in-loop deblocking
filter. The reference software [5] adopts
sequential processing of many blocks in
one MB, which restricts the parallel archi-
tecture design for hardware. The block-
level reconstruction loop caused by
intraprediction induces the bubble cycles
and decreases the hardware utilization and
throughput. Some coding tools have mul-
tiplex modes. A larger gate count is
required if multiple processing elements
(PEs) are designed for different modes
without resource sharing and data reuse.
Some coding tools involve many data
dependencies to enhance the coding per-
formance. Considerable storage space also
is required to store the correlated data
during the encoding process. 

Software Profiling
We will use software profiling to show the
necessity of acceleration by the dedicated
hardware and to find the critical parts of
the whole. To focus on the target specifica-
tion, a software C model is developed by
extracting all baseline profile compression
tools from the reference software [5]. The
iprof  [6], a software analyzer on the
instruction level, is used for the instruc-
tion profiling. The focused design case is
targeted at SDTV [720 × 480, 30 frames
per second (f/s)]/HDTV720p (1280 × 720,

30 f/s) videos with a maximum reference frame number of
four/one f/s and a maximum search range (SR) of H[−64,
+63] and V[−32, +31]. According to the simulation results,
the computational complexity and memory access for
SDTV/HDTV720p are 2,470/3,600 GI/s and 3,800/5,570 GB/s. It
is about ten times more complex than that of MPEG-4 SP [7].
This is mainly due to MRF-ME and VBS-ME in interprediction.
For the full search (FS) algorithm, the complexity of integer
ME (IME) is proportional to the number of reference frames
while that of fractional ME (FME) is proportional to the MB
number constructed by variable blocks and the number of ref-
erence frames. The huge computational loads are far beyond
the capability of today’s general-purpose processors. The run-
time percentages of P-frames in the H.264/AVC encoder are
shown in Figure 1. Interprediction occupies 97.32% computa-
tion and is the processing bottleneck of the H.264/AVC inter-
frame coding. Mode decision and intraprediction dominate the
rest and occupy 77% computation of intraframe coding. 

As for the decoder with HDTV1024p (2048 × 1024, 30 f/s)
specification, 83 GI/s and 70 GB/s of computation and memory
access are required, which is about two to three times more
complex than MPEG-4 SP. The run-time percentages of several
main tasks are shown in Figure 2. The interprediction and
deblocking filter contribute the most computation time (39%
and 38%), while IQ/IDCT, entropy decoding, and intraprediction
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1. Run-time profile of interframe for H.264/AVC encoding procedure.
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occupy the rest. Note that the complexity of the encoding pro-
cess is much higher than that of the decoding process.

Design Space Exploration
The first major design challenge of an H.264/AVC hardwired
compression system is parallel processing under the con-
straint of sequential flow. According to the software profil-
ing, H.264/AVC requires much more computational
complexity than the previous coding standards. Therefore, a
high degree of parallel processing is required, especially for
HDTV applications. However, the H.264/AVC reference soft-
ware [5] adopts many sequential processes to enhance the
compression performance. It is hard to efficiently map a
sequential algorithm to a parallel hardware architecture.
For system scheduling, the coding path, which includes
intra/interprediction, block/MB/frame-level reconstruction
loops, entropy coding, and in-loop deblocking filters, is very
long. The sequential encoding process should be partitioned
into several tasks and processed MB by MB in pipelined
structure to improve the hardware utilization and through-
put. For module architecture, the problem of sequential
algorithm is critical for ME because it is the most computa-
tionally intensive part and requires the greatest degree of
parallelism. The FME must be done after the IME. Besides, in
FME, the quarter-pixel-precision refinement must be pro-
cessed after the half-pixel-precision refinement. Moreover,
the inter-Lagrangian mode decision takes motion vector
(MV) costs into consideration, which also causes inevitable
sequential processing. The modified hardware-oriented algo-
rithms are required to enable parallel processing without

noticeable quality drop. The analyses in processing loops
and data dependencies are also helpful to map the sequential
flow into the parallel hardware.

The second design challenge of an H.264/AVC hardwired
compression system is reconstruction loops. In addition to the
frame-level reconstruction loop for ME and motion compensa-
tion (MC) in H.264/AVC, the intraprediction induces the MB-
and block-level reconstruction loops. Because the
reconstructed pixels of the left and upper neighboring
MBs/blocks are required to predict the current MB/block, the
intraprediction of the current MB/block cannot be performed
until the neighboring MBs/blocks are reconstructed. The
reconstruction latency is harmful for hardware utilization and
throughput if the intraprediction and reconstruction engines
are not jointly considered and scheduled.

Data dependencies are the third design challenge. The new
coding tools remove more temporal, spatial, and statistic
redundancies by use of many data dependencies. The frame-
level data dependencies contribute to the considerable system
bandwidth. The dependencies between neighboring MBs con-
strain the solution space of MB pipelining, and those between
neighboring blocks limit the possibility of parallel processing.
Since a great deal of data and coding information may be
required by the following encoding and decoding procedures,
the storage space of both off-chip memory and on-chip buffer
are largely increased. To reduce the chip cost, the functional
period or lift-time of these data must be jointly considered
with the system architecture and the processing schedule.

The fourth problem is abundant modes. Many coding tools of
H.264/AVC have multiplex modes. For example, there are 17
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3. Block diagram of the H.264/AVC encoding system with four-stage MB pipelining. Five major tasks, including IME, FME, IP, EC, 
and DB, are partitioned from the sequential encoding procedure and processed MB by MB in pipelined structure [12].
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different modes for intraprediction and 259 kinds of partitions for
interprediction. Six kinds of two-dimensional (2-D) transform
functions, 4 × 4/2 × 2 DCT/IDCT/Hadamard transforms, are
involved in reconstruction loops. Adaptive filter taps and two-fil-
ter direction also must be supported for in-loop deblocking filters.
Reconfigurable processing engines and reusable prediction cores
are important to efficiently support all these functions.

Last but not least, the bandwidth
requirement of the H.264/AVC encoding
system is much higher than that of the
previous coding standards. The MRF-ME
contributes the heaviest traffic for load-
ing reference pixels. Neighboring recon-
structed pixels are required by
intraprediction and deblocking filters.
Lagrangian-mode decision and context-
adaptive entropy coding have data
dependencies between neighboring
MBs, and transmitting related informa-
tion contributes considerable bandwidth
as well. Hence, an efficient memory
hierarchy combined with data sharing
and data reuse (DR) schemes must be
designed to reduce the system and the
local memory bandwidth.

Architecture of H.264/AVC Encoding System
The traditional two-stage MB pipelining [9], [10], ME and
block engine (BE), cannot be efficiently applied to H.264/AVC.
We have extracted five major functions from the H.264/AVC
encoding procedure and mapped them into four-stage MB
pipelining with suitable task scheduling [11]. To complete the
system, we will also describe the design consideration and
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5. Block diagram of the low-bandwidth parallel IME engine. It mainly comprises eight PE-array SAD trees,
and eight horizontally adjacent candidates are processed in parallel.
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optimization for the significant modules in the following sec-
tions. With these techniques, an efficient implementation for
an H.264/AVC encoding system can be achieved [12].

The system architecture of four-stage MB pipelining is shown
in Figure 3. Five major tasks—IME, FME, intraprediction with
reconstruction loop (IP), entropy coding (EC), and in-loop
deblocking filter (DB)—are partitioned from the sequential encod-
ing procedure and processed MB by MB in pipelined structure.

This system pipelining has several design issues. The pre-
diction includes IME, FME, and intraprediction in H.264/AVC.
Because of the diversity and computational complexity of
these algorithms, it is difficult to implement IME, FME, and
intraprediction with the same hardware. But, if we put IME
and FME engines in the same MB pipeline stage, it leads to
very low utilization due to the sequential processing. Even if
the resource sharing is achieved, the operating frequency
becomes too high. Therefore, FME is initially  pipelined MB by
MB after IME to double the throughput. As for intraprediction,
because of the MB- and block-level reconstruction loop, it can-
not be separated from the reconstruction engine. In addition,
the reconstruction process should be separated from ME to
achieve the highest hardware utilization, just like the two-stage
MB pipelining structure. Therefore, engines of intraprediction
together with forward/inverse transform/quantization are locat-
ed in the same IP stage. In this way, the MB- and block-level
reconstruction loops can also be isolated in this pipelining
stage. The EC encodes MB headers and residues after transfor-
mation and quantization. The DB generates the standard-com-
pliant reference frame after reconstruction. Since the EC/DB
can be processed in parallel, they are placed at the fourth

stage. The reference frame will be stored in the external mem-
ory for the ME of the next frame, which constructs the frame-
level reconstruction loop. Note that the luma MC is placed in
FME stage to reuse the interpolation circuits and the Luma
Ref. Pels SRAMs. The compensated MB is transmitted to the IP
stage for generation of residues after mode decision between
intra- and intermodes. On the other hand, chroma MC is
implemented in the IP stage since it can be executed only after
the intra-/intermode decision. In summary, five main func-
tions extracted from the encoding procedure are mapped into
the four-stage MB pipelined structure. To achieve high utiliza-
tion, the processing cycles of the four stages are balanced with
different degrees of parallelism.

As for the reduction in system bandwidth, many on-chip
memories are used for several purposes. First, to find the best
matched candidate, a huge amount of reference data is
required by IME and FME. Since the pixels of neighboring
candidate blocks are considerably overlapped, as are the search
windows (SWs) of neighboring current MBs, the bandwidth of
the system bus can be greatly reduced if we design the local
buffers to store reusable data. Second, rather than be trans-
mitted by the system bus, the raw data, such as luma motion-
compensated MB, transformed and quantized residues, and
reconstructed MB, are shifted forward via shared memories.
Third, because of the data dependency, one MB is processed
according to the data of the upper and the left MBs. The local
memories, rather than the system memory, are used to store
the related data during the encoding process. For the software
implementation, the external bandwidth requirement is up to
5,570 GB/s. As for the hardware solution with an embedded

local search window buffer, the external band-
width requirement is reduced to 700 MB/s.
After all these techniques are applied, the
final external bandwidth requirement is about
280 MB/s.

Low-Bandwidth Parallel Integer ME
The IME searches for the best matches in
coarse resolution for all block sizes and refer-
ence frames. With the given SR and reference
frame number, the Lagrangian matching costs
are calculated for all candidates in the FS
algorithm. The IME requires the most compu-
tational complexity and memory bandwidth in
H.264/AVC. A large degree of parallelism is
required for the SDTV/HDTV specifications,
but the sequential Lagrangian mode decision
flow makes it impossible to design the parallel
architecture for IME. Techniques on algorith-
mic and architectural levels are used to enable
the parallel processing and reduce the
required memory bandwidth. 

The MV of each block is generally predict-
ed by the medium values of MVs from the left,
up, and up-right neighboring blocks. The rate
term of the Lagrangian cost function can be
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6. PE-array SAD tree architecture. The costs of 16 4 × 4-blocks are separately summed up
by 16 2-D subtrees and then reused by one VBS tree for larger blocks.
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computed only after MVs of the
neighboring blocks are deter-
mined, which causes inevitable
sequential processing. To solve
this problem, the modified MV
predictor (MVP) 
is applied for all of the 41
blocks in one MB, as shown in 
Figure 4. The exact MVPs of
variable blocks are changed to
the medium of MVs of the up-
left, up, and up-right MBs. For example, the exact MV cost of
the C22 4 × 4-block is the medium of the MVs of C12, C13,
and C21. We change the MVPs of all 41 blocks to the medium
of MV0, MV1, and MV2 to facilitate the parallel processing. At
high bit rates, which are larger than 1 Mb/s for SDTV videos,
the quality loss is near zero. At low bit rates, the quality degra-
dation is about 0.1 dB [13].

Figure 5 shows the low-bandwidth parallel IME architec-
ture, which mainly comprises eight PE-array SAD trees. Each
PE array and its corresponding 2-D SAD tree compute the 41
SADs of variable blocks for one candidate in parallel. Eight hor-
izontally adjacent candidates are processed in each cycle.
Because SWs of neighboring current MBs are considerably
overlapped, as are the pixels of neighboring candidates, a three-
level memory hierarchy—including external memory, Luma

Ref. Pels SRAMs, and Ref. Pels
Reg. array—is used to reduce
bandwidth requirement. Three
kinds of DR are implemented:
MB-level DR, intercandidate
DR, and intracandidate DR.

The Luma Ref. Pels SRAMs
are embedded first to achieve
MB-level DR. When the ME
process is changed from one
current MB (CMB) to another

CMB, there is an overlapped area between neighboring SWs.
Therefore, the reference pixels of the overlapped area can be
reused in local SRAMs. The MB-level DR can greatly reduce
the external memory bandwidth.

After that, the Ref. Pels Reg. array acts as the cache between
PE-array 2-D SAD tree and luma Ref. Pels SRAMs. It is
designed to achieve intercandidate DR. A horizontal row of ref-
erence pixels, which is read from SRAMs, is stored and shifted
downward in Ref. Pels Reg. array. When one candidate is pro-
cessed, 256 reference pixels are required. When eight horizon-
tally adjacent candidates are processed in parallel, the reference
pixels can be horizontally reused. Not (256 × 8) but (256 + 16
× 7) reference pixels are required for eight candidates. Besides,
when the ME process is changed to the next row of eight candi-
dates, most data can be reused in Ref. Pels array by vertically
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H.264/AVC’s extraordinarily huge
computational complexity and

memory access requirement makes
it difficult to design a hardwired
codec for real-time applications. 

7. Block diagram of the FME engine. There are nine 4 × 4-block PUs to process nine candidates around the refinement center 
for each reference frame. One 2-D interpolation engine is shared by all 4 × 4-block PUs to achieve DR and local bandwidth reduction.
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adjacent candidates. The inter-
candidate DR can save internal
memory bandwidth.

Figure 6 shows the archi-
tecture of  a  PE-array SAD
tree. The costs of 16 4 × 4
blocks are separately summed
up by 16 2-D subtrees and
then reused by one VBS tree
for larger blocks. This is intra-
candidate DR. All 41 SADs for
one candidate are simultane-
ously generated and compared with the 41 best costs. The
intracandidate DR can save both computational require-
ment and internal memory bandwidth.

Parallel Fractional ME 
with Lagrangian Mode Decision

The IME searches for the best matches in coarse resolution for
variable block sizes and multiple reference frames, while the
FME refines these results in fine resolution and decides the best
combination of all possible blocks. After the IME, the half-pixel

MV refinement is performed
around the best integer search
positions. The SR of half-pixel
MV refinement is ±1/2 pixel
along both horizontal and verti-
cal directions. The quarter-pixel
MV refinement is then per-
formed around the best half
search position with ±1/4 pixel
SR. Each half or quarter refine-
ment has nine candidates,
including the refinement center

and its eight neighbors. The refinement flow will be iteratively
processed for all blocks and subblocks in all reference frames.

The main challenge for FME hardware design is to
achieve parallel processing under the constraints of sequen-
tial FME procedure. For example, the searching center of
quarter-resolution refinement depends on the result of half-
resolution refinement, and the sequential process is
inevitable. The loop of variable block sizes is not suitable to
be unrolled because 41 MVs of VBS-ME may point to differ-
ent positions. The memory bitwidth of SW will become too
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8. Four parallel reconfigurable intrapredictor generator. Four different configurations are designed to support all intraprediction modes in H.264/AVC.
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large if the reference pixels of VBS-ME are read in parallel.
MV costs of the inevitable sequential processing order among
VBS-ME also must be considered. 

Figure 7 shows the parallel FME architecture [14]. The
design concepts are stated as follows. First, the variable
blocks range from 16 × 16 to 4 × 4. Therefore, the 4 × 4
block can be the smallest common element. That is, every
block and subblock in a MB can be decomposed into several 4
× 4 elements with the same MV. We can concentrate on
designing a 4 × 4-block processing unit (PU) to calculate the
distortion cost of each 4 × 4 element. Then, the folding tech-
nique is applied to reuse the 4 × 4-block PU for larger block
sizes. Second, there are nine 4 × 4-block PUs. In each refine-
ment process, nine candidates around the refinement center
are processed in parallel. When we interpolate the fractional
pixels, most source and intermediate data can be reused by
neighboring candidates. The redundant memory access and

computation can be saved, which reduces the chip area and
on-chip memory bandwidth. As shown in Figure 7, one 2-D
interpolation engine is shared by nine 4 × 4-block PUs for
each reference frame. Third, each 4 × 4-element PU is
arranged with four degrees of parallelism to process four
horizontally adjacent pixels in parallel. Most horizontally
adjacent integer pixels can be reused for the horizontal filter-
ing to further reduce the on-chip memory bandwidth.

Reconfigurable
Intrapredictor Generator

The intraprediction generator supports various prediction
modes, which include four I16 MB modes, eight I4 MB modes,
and four chroma intra modes. If RISC-based solution is adopt-
ed, where the prediction values are generated sequentially for
each mode, the required operation frequency will become too
high. On the other hand, if the dedicated hardware is adopted, 17
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10. (a) General case interpolation window; (b) four interpolation windows for an 8 × 8 block (shaded region means reusable); 
(c) interpolation window when MV is pointing to horizontal integer pixels.
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kinds of PEs for the 17 modes lead to high hardware costs.
Therefore, the reconfigurable circuit with resource sharing for
all intraprediction modes is an efficient solution [15].

The hardware architecture of the four-parallel reconfig-
urable intrapredictor generator is shown in Figure 8. Capital
letters (A–H) are the neighboring 4 × 4-block pixels. UL,
L0–L15, and U0–U15 denote one bottom-right pixel from the
upper-left MB, the 16 pixels of the rightmost column from the
left MB, and the 16 pixels of the bottom row from the upper
MB, respectively. Four different configurations are designed to
support all intraprediction modes in H.264/AVC. The I4
MB/I16 MB horizontal/vertical modes use the bypass data path
to select the predictors extended from the block boundaries.
Multiple PEs are cascaded to sum up the DC value for I4
MB/I16 MB/chroma DC mode. The normal configuration is
used for I4 MB directional modes 3–8. The four PEs select the
corresponding pixels multiple times according to the weighted
factors and generate four predictors independently. Finally,
the recursive configuration is designed for I16 MB plane pre-
diction. The predictors are generated by adding the gradient
values to the result of the previous cycles.

Architecture of H.264/AVC Decoding System
The design goals of determining suitable pipelining structure
of a H.264/AVC decoder are low area cost and low system band-
width. The target specification is HDTV1024p 30-f/s videos. The
overall system architecture is shown in Figure 9 [16]. The pre-
vious designs of video decoders are usually based on MB
pipelining structure [17]. This system architecture is based on
a hybrid task pipelining structure, including 4 × 4-block-level
pipelining, MB-level pipelining, and frame-level pipelining.
This is because the 4 × 4 block is the smallest element of one

intrapredicted block in H.264/AVC. The transforms and entropy
coding are also based on 4 × 4 blocks. Therefore, a 4 × 4-block
pipelining structure can be used with the benefit of less area
overhead and coding latency. It requires about 1/24 of buffer
size compared to the traditional MB pipelining architecture.

Interprediction produces the predicted MB pixels from previ-
ously decoded reference frames. As with intraprediction, the basic
processing element of interprediction is also a 4 × 4 block. Due to
the six-tap finite impulse response filter for interpolation, 9 × 9
integer reference pixels are required for a 4 × 4 block. If a block
has the prediction mode larger than 4 × 4, overlapped reference
frame pixels of the 4 × 4 blocks can be reused to reduce the sys-
tem bandwidth. Reference frame DR will be less efficient if inter
pred. engine adopts the 4 × 4-block pipelining scheme. Therefore,
inter pred. engine should be scheduled to MB-level pipelining with
a customized scan order to exploit the reference frame DR. All ref-
erence pixels necessary to predict an MB are read from the exter-
nal memory at once to achieve the lowest memory bandwidth.

Deblocking engine is another special case that does not suit to
the 4 × 4-block pipelining scheme. Deblocking engine filters the
edges of each 4 × 4 block vertically then horizontally. One 4 × 4
block cannot be completely filtered until its neighboring blocks
are reconstructed. This data dependency makes it impractical to
fit the deblocking operation into a 4 × 4-block pipelining, since
the buffer cannot be efficiently reduced and serious control over-
head is required. Therefore, the MB pipelining schedule is adopt-
ed. If the decoder has to support flexible macroblock ordering
(FMO) and arbitrary slide order (ASO), where the MBs in one
frame may not be coded in raster-scan order, the DB unit must be
scheduled to frame-level pipelining because the filtering order in
one frame can not be violated in MB boundaries.

Low-Bandwidth MC Engine
According to the analysis on system-level design, MC should be
scheduled on MB-level pipelining with a customized scan order
to exploit the reference frame DR. We first adopt the 
4 × 4-based MC. All VBSs are decomposed into several 4 × 4-ele-
ment blocks and processed sequentially by the 4 × 4-based MC
engine with full hardware utilization. The straightforward mem-
ory access scheme processes every decomposed 4 × 4-element
block independently and always loads 9 × 9 pixels from the
external memory for interpolation, as shown in Figure 10(a).
The system bandwidth requirement of 4 × 4-based MC can be
reduced by two bandwidth reduction techniques [18].

The first technique is interpolation window reuse (IWR). As
shown in Figure 10(b), there are overlapped regions between
interpolation windows for neighboring 4 × 4-element blocks
when the block mode is larger than 4 × 4. The shaded regions
represent the reference pixels that can be reused. The second
scheme is interpolation window classification (IWC). The interpo-
lation window is not always (X + 5) × (Y + 5) for an X × Y
block. As shown in Figure 10(c), a 4 × 4 block with integer MV in
the horizontal direction does not require horizontal filtering.
Only a 4 × 9 interpolation window is required to be loaded in this
situation. In brief, the IWR and IWC schemes aim to precisely
control the MC hardware to load an exact interpolation window.
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11. Block diagram of the low-bandwidth MC hardware.
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Figure 11 shows the MC hardware architecture. The down
shift register array is designed to support vertical IWR. Hori-
zontal reuse memory is designed for horizontal IWR. The IWC
is implemented by control FSM and address generator. The
shift and combine circuit packs the required integer pixels
input from external frame memory and horizontal reuse mem-
ory. The 2-D IP unit performs the interpolation, and the com-
pensated MB is buffered in the MC memory. These techniques
can provide about 60–80% bandwidth reduction compared
with the 4 × 4-based MC. After this MC machine is integrated
into an H.264/AVC HDTV1024p decoder, the total system
bandwidth can be reduced 40–50%.

CONCLUSIONS
An efficient hardwired video coding system is composed of the
system architecture with appropriate pipelining structure, effi-
cient memory hierarchy, delicate parallelization, and reconfig-
urable architecture. In this article, we discussed the
state-of-the-art hardware architectures for an H.264/AVC video
coding core. Many approaches were exploited to improve the
hardware efficiency. Five major functional blocks extracted
from the H.264/AVC encoding procedure are mapped into
four-stage MB pipelining structure to significantly increase
the processing capability and hardware utilization. A hybrid-
task pipelining scheme, a balanced schedule with block-/MB-/
frame-level pipelining was then suggested for the H.264/AVC
decoder to greatly reduce the internal memory size. Combined
with many bandwidth reduction techniques and DR schemes,
these two system architectures are all characterized by low
system bandwidth requirements. Moreover, many efficient
modules are contributed to support the new H.264/AVC func-
tionality. A parallel IME architecture is designed to dramati-
cally reduce the memory bandwidth. A parallel FME
architecture is designed to thoroughly parallelize the rate-dis-
tortion optimized mode decision with high hardware utiliza-
tion. A reconfigurable intrapredictor generator can achieve
resource sharing for all intraprediction modes. The bandwidth
optimized MC engine exploits DR between interpolation win-
dows of neighboring blocks. These system and module archi-
tectures can efficiently support the H.264/AVC video encoding
and decoding processes with the HDTV video applications.
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