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ABSTRACT

Applications of high resolution videos have great potential for
H.264/AVC. However, due to the multi-frame motion estimation
and large search range (SR) requirement, the ultra high system
bandwidth becomes the challenge for the plateform based video
codec. In this paper, a hybrid-mode embedded compression (EC)
is proposed. Two different strategies are respectively used to com-
press the reconstructed macroblocks (MBs) of intra- and inter-
mode. Up-to 9.2 times of compression ratio (CR) can be achieved
even with lossless-compression constraint. Besides, with resource
sharing, this system can be integrated into H.264/AVC codec with
almost no area overhead. According to the simulation results, the
system bandwidth can be reduced by 66.2% and 75.3% in average
for high and median quality situation.

1. INTRODUCTION

H.264/AVC [1] is the new video coding standard developed by
ITU-T Video Coding Experts Group (VCEG) and ISO/IEC Mov-
ing Picture Experts Group (MPEG). It can save 25%-45% and
50%-70% of bitrates compared with MPEG-4 advanced simple
profile and MPEG-2, respectively. The coding gain mainly comes
from new prediction tools, and enormous computation and ultra
high memory bandwidth are the penalties. According to instruc-
tion profiling, 2.76 tera-operations/s of computational loading and
4.25 tera-bytes/s of memory access are required for real-time en-
coding SDTV (YUV420, 720x480, 30fps) videos (JM8.5 [2], base-
line options, full search, four reference frames, SR [-32, +31]). For
platform-based VLSI systems in which the high computation re-
quirement can be easily solved by increasing the parallelism of
processing elements, the real challenge is the unacceptable bus
bandwidth requirement with limited system resources.

The bandwidth mainly comes from the access of reference
data during motion estimation (ME). One common solution is to
use the EC for the frame buffer access [3]. The EC engine com-
presses the MBs of the reconstructed frame and transmits such bit-
stream to frame buffer. When the video codec system performs
ME, the EC engine fetches and decodes the compressed data from
system bus. Depending on the target applications, there are vari-
ous EC algorithms with two categories. For lossy ECs [4][5], they
have better performance in bandwidth reduction, but quality degra-
dation occurs due to error propagation. For lossless ones [6] that
guarantee the highest video quality, their CRs are limited to two,
just like lossless image coding [7]. In this paper, a novel EC sys-
tem is proposed. Unlike previous ECs that equally process every
MB, two different strategies are used for inter- and intra-mode re-
constructed MBs, respectively. By this way, our EC can losslessly
compress the reconstruction MB with higher CR.
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Fig. 1. The EC system for H.264 video encoder.

The rest of this paper is organized as follows. In Section 2, the
bandwidth problem is described followed by the analysis of the re-
quired EC system. Then, the hybrid-mode EC system is proposed
in Section 3. The corresponding hardware architecture as well as
performance evaluation are presented in Section 4 and Section 5.
Finally, Section 6 gives a conclusion.

2. PROBLEM STATEMENT

In ME, in order to find the best matched candidate, a search win-
dow (SW) within one reference frame has to be searched. A huge
amount of reference data must be loaded from frame buffer to ME
core, and the traffic is very heavy. Because pixels in neighboring
candidate blocks are considerably overlapped, and so are the SWs
of neighboring current MBs, the bandwidth of system bus can be
greatly reduced by designing local buftfers to store reusable data
[8][9]. By means of local memory access, the external memory
bandwidth can be reduced.

For high resolution video application in H.264, however, the
bandwidth is still too large even with the above techniques. The
larger frame size means that the larger SR is required to achieve
good ME performance. The system bandwidth would exponen-
tially increase. Besides, H.264 support the feature of multiple ref-
erence frames [10]. The required reference data are proportional to
the number of reference frames, which also heavily increases the
system bandwidth. Table 1 and Table 2 show the necessary system
bandwidth of ME for different video formats and reference frame
numbers, respectively. The analysis is based on level-C data reuse
strategy [9] that is adopted the most frequently nowadays. The
system bandwidth increases exponentially with the frame size and
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Table 1. The necessary system bandwidth of ME for different
frame size with one reference frame.

Format SR Bandwidth
CIF(352x 288, 301ps) +16 9.13MB/s
D1(720x 480, 30tps) +64 93.3MB/s

HDTV(1280x 720, 30fps)  £128 470MB/s
HDTV(1920x 1080) +256  2.05GB/s

Table 2. The necessary system bandwidth of ME for different
multiple reference frames (HDTV, 1280x 720, 30fps with £128
SR).

#ofref. frame  system bandwidth
2 940MB/s
3 1.41GB/s
4 1.88GB/s

linearly with reference frame number. In the HDTV case with 4
reference frames, the bandwidth requirement is not achievable for
plateform based system. To do further reduction, EC techniques
should be used. Figure 1 shows the EC system for H.264 video
encoder. The EC compresses the reconstructed frame data into
embedded bitstream before sending out , and then the compressed
data will be read and decoded while the SW is loaded. Since only
the compressed bitstream is transmitted on system bus, the band-
width can thus be reduced. Several issues are considered for our
EC system in H.264 large frame size application:

1. Lossless compression: Most of EC for previous standards
are lossy. The lossy compression has better CR at an ex-
pense of video quality. Some problems such as data mis-
match between encoding and decoding may occur, which
induce the error propagation. Therefore, due to the demand
of high video quality in the HDTV application, the com-
pressed reference frame must be able to perfectly recon-
structed.

2. High CR: The system bandwidth reduction ratio is equal to
the CR of EC. The encoding efficiency must be high enough
to solve the large system bandwidth problem. In general,
the CR limitation of lossless image coding is two. How-
ever, EC compresses the reconstructed frame data which
have been processed through DPCM loop by original en-
coder. With the information from original encoder , our EC
can achieve higher CR.

3. Resource sharing: There are many encoding schemes in
H.264 encoder with high compression efficiency. Some of
them can be chosen as parts of our EC. We can share ex-
isted functional blocks in H.264 codec to reduce hardware
cost for EC system.

3. PROPOSED ALGORITHM
In this section, a new hybrid-mode EC system for H.264 is pro-

posed to meet the required issues mentioned in the previous sec-
tion. In H.264, a MB is either intra mode or inter mode. For
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Fig. 2. The H.264 Intra-frame coding.

each mode, different strategies will be used to compress the recon-
structed data of H.264.

3.1. Intra mode MB

The H.264 encoder converts the original frames to bitstream, and
this bitstream can be converted to reconstructed frames by H.264
decoder. Therefore, though the H.264 bitstream is lossily com-
pressed data for original frames, it is losslessly compressed ones
for reconstruction frames. Based on this idea, EC system may di-
rectly use the H.264 bitstream as the embedded bitstream, which
will be transmitted to and stored in the external memory. Dur-
ing ME for the next original frame, the reference frame, the pre-
vious reconstruction frame, can thus be perfectly recovered from
this bitstream. However, this scheme sometimes does contradict
the demands of EC. If a MB is inter-mode encoded in H.264, the
temporal information is required when we reconstruct it. In this
way, more data are involved during loading search window, and
the system bandwidth cannot be reduced.

In order to properly solve the bandwidth problem, only spa-
tially local data can be involved in EC system, just like image cod-
ing. For an intra-mode coded MB, both the encoding and decoding
processes access only local information in intra-prediction. There-
fore, the H.264 bitstream of intra-mode coded MB can directly use
as embedded bitstream without any bandwidth overhead. Please
note that, the quantization step in intra-mode encoding reduces the
energy and results in better CR. Since our lossless EC is embed-
ded with this quantization step, the CR, or bandwidth reduction
ratio, is much higher than that of other EC systems using lossless
compression image coding standards. Consider a special case :
the reference frame of the first P frame is I frame where all MBs
are intra-mode coded. The memory reduction ratio is equal to the
H.264 CR, which is much higher than the limitation of the lossless
image coding. For general case, the overall CR of our EC system
will depend on the percentage of intra-mode coded MBs.

3.2. Inter mode MB

For the inter-mode coded MB, the extra encoding schemes are pro-
posed for our EC system. The H.264 intra-frame coding is chosen
as the prototype of the embedded encoder under the considera-
tions of good compression capability, low memory usage, and high
resource-sharing possibility. Figure 2 shows the original block di-
agram of H.264 intra-frame coding. For lossless consideration, the
quantization and inverse quantization are removed firstly. Besides,
in lossless EC system, since the reconstructed frame must be the
same with the original one, the feedback path of DPCM loop can
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be omitted. After the above modifications, only the transformation
and entropy coding are preformed after intra prediction and intra
compensation.

We analysis three different strategies of transform inherited
from H.264 encoder. The selection depends on both the compres-
sion performances and hardware considerations.

Scheme 1: The transform is simply the original integer discrete
cosine transform (DCT) in H.264 DPCM loop.

Scheme 2: Hadamard transform, the other transformation in H.264
involved in both the DPCM loop and the encoder issues, is
used.

Scheme 3: No transformation. The residue is directly bypassed
and entropy coded.

In scheme 1 and 2, the residues are transformed from spatial
domain to frequency domain. We must find an inverse transtorma-
tion that the residues can be losslessly recovered. [t means, for any
matrix A, if T is the transform matrix, an inverse transform matrix
R will satisfy

R(TATTRT = A 1)

We separate R into two matrixes, and the equation becomes
(B(D(TATTYDTYBTY = A 2)

In scheme 1, Tscneme, 18 DCT matrix and Dycperme, 15 IDCT
matrix. In order to satisfy (1), the additional matrix of Bscpeme,
must be implemented as

1/4 0 0 0
0 1/5 0 0
Bschemel = 0 /
0

0o 0 1/4

Inscheme 2, Tycherme, 1s Hadamard transform matrix and Dyepemes
is inverse Hadamard transform matrix, that is the same as Hadamard
transform matrix. Similarly, in order to satisty (1), the matrix of
Bschemeg is

14 0 0 0
0 1/4 0 0
Bschem62: 0 /
0

0o 0 1/4

The matrix of Bascheme, is not suitable for hardware implemen-
tation due to the requirement of the divisors. On the contrary,
the matrix of Bscheme, only involves the shifter, and no hardware
overheads are required. Therefore, the scheme 2 is a better choice.

Since both the scheme 2 and scheme 3 have no hardware over-

head, they are compared according to the compression performance.

Table 3 shows the simulation results. Several video sequences are
simulated with quantization parameter (QP) set to 15. According
to the experiment, the CR is better without transformation. That is
because there is no quantization process in the EC, and transfor-
mation can not successfully gather the energy up. Then, scheme
3 is the best choice among all schemes. It is worth to note that
the CR of EC system increases with the larger frame size and the
higher QP value of the original encoder.

There is another hardware issue included in the proposed al-
gorithm. The correlation of the best intra prediction mode between
the original MB of original encoder and the reconstructed MB of
embedded encoder is quite high. Therefore, after the intra predic-
tion in the H.264 encoder, the best intra mode information can be

Table 3. The simulation results of CR in scheme 2&3 (frame size:
(1)352x288 (2)720x288 (3)720x480 (4)750x576 (5)1920x720).

Image name CR
(QP=15) scheme 2 scheme 3
Foreman(1) 1.515 1.567
Stefan(1) 1.197 1.230
Boat(2) 1.460 1.492
Bamboo(3) 2.415 2.439
Wendy(4) 1.574 1.618
Bigships(5) 2.309 2.347

reused for our embedded encoder even if the final mode of current
coded MB is not intra mode. The intra prediction occupies most of
the computation complexity in the embedded encoding. With such
modification, the embedded encoder can be implemented with less
hardware resource.

3.3. Hybrid-mode EC system

There are two modes in the proposed EC system : inter mode
and intra mode. The mode selection depends on the mode deci-
sion of the H.264 encoder. The inter-predicted MB enters the inter
mode, while the intra-predicted MB enters the intra mode. For in-
ter mode, we convert the reconstructed MB to embedded bitstream
by the proposed EC algorithm. For intra mode, the embedded en-
coder is idle, and the corresponding H.264 bitstream can be reused
as embedded bitstream.

4. ARCHITECTURE

4.1. Embedded encoder

Figure 3 shows the architecture of embedded encoder. If the cur-
rent MB is inter-mode coded MB, the embedded encoder will com-
press the reconstructed MB into embedded bitstream. Because the
required local information have been prepared during the intra pre-
diction process of the original encoder, and so does the best intra
mode, only the intra compensation and entropy coding is involved
in our embedded encoder. Reconstructed pixels are subtracted by
predictors generated by intra compensation, and residues are then
coded by entropy coding module. Please note that these two mod-
ules can be shared with original encoder with adequate schedule.
Both the hardware cost and computation of the embedded encoder
are small. If the current coded MB is intra mode MB, the orig-
inal bitstream of this MB will be directly used as the embedded
bitstream. The embedded encoder is idled in this situation.

4.2. Embedded decoder

During loading SW data, the corresponding embedded bitstream
is read from system memory and then decoded by embedded de-
coder. The decoding procedure is the reverse process of the en-
coding one. Figure 4 illustrate the architecture of the embedded
decoder. The header in embedded bitstream is decoded firstly, and
the mode of the loaded MB can be decided. If the MB is intra
mode MB, the residues are processed through 1Q/IDCT and then
added by predictors generated by intra compensation. Otherwise,
the bypassing path in the bottom is chosen. Similarly, the hardware
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source sharing can also be achieved if the schedule of the coding
process is carefully designed.

5. SIMULATION RESULTS

The performance ofthe proposed hybrid-mode EC is shown in Ta-
ble 4. The reference software, IM8.5 [2], is modified, and four
sequences with SDTV or HDTV formats that match the target ap-
plications are selected for the simulation. Two quantization pa-
rameters standing for high and median quality situations are used.
The CR can be obtained by the following equation:

1 - « v l-«a
CRhyb'rid B CRint'ra CRinte'r

where C Rintrq: CR for intra-mode MB.
C Rinter: CR for inter-mode MB
« : percentage of intra predicted MB
The CR of the intra mode MB’s is much better than that of
inter mode ones. The overall CR will be largely influenced by the
percentage of the intra mode MB’s. The overall CR, or the band-
width reduction ratio, can be as high as 9.259. In worst case with
almost no intra MB, the CR would approach to two, the upper-
bound of lossless image coding. With our approach, the system
bandwidth can be reduced by 66.2% and 75.3% in average for high
and median quality situations, respectively. Please note that we
didn’t do any modification on entropy coding for resource sharing.
The performance of the proposed EC can be better if appropriate
revision is made according to the statistics.

6. CONCLUSION

In this paper, a hybrid-mode EC for H.264/AVC is proposed to re-
duce the bandwidth of loading SW. Two different strategies aimed

Table 4. The overall simulation results of EC (Bamboo:720x480
Wendy:720x576 Crew,Bigships:1280x720).

CRint'ra CRinte'r CRhyb'rid

Bamboo QP=15 5.848 2.433 4.082
Bamboo QP=30 25.0 2.933 4.651
Wendy QP=15 4.00 1.618 1.916
Wendy QP=30 17.86 2.304 2.786
Crew QP=15 8.065 3.571 6.024
Crew QP=30 55.56 6.173 9.259
Bigships QP=15 | 4.002 2347 2.387
Bigships QP=30 | 23.81 3.279 3.279

at intra-mode and inter-mode reconstructed MB are used to achieve
up-to 9.2 times of CR under the lossless-compression constrain.
By resource sharing, the corresponding hardware is designed and
integrated into H.264/AVC codec with almost no area overhead.
The simulation result shows that our EC can reduce 66.2% and
75.3% system bandwidth in average when QPs are 15 and 30, re-
spectively.
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