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ABSTRACT

Video transcoding can be used to facilitate video streaming in
content delivery network. A concept of control stream assist-
ed transcoding has been recently proposed aiming to reduce
transcoding computational complexity at the cost of data s-
torage/transmission overhead, and the control stream is ob-
tained by directly removing the residual information from the
target video bitstream of transcoding. However, it is subjec-
t to relatively significant storage/transmission overhead, and
more importantly does not well match to the increasingly het-
erogeneous networking environment with varying computa-
tion/storage/transmission resources at different nodes. This
work presents a proximate control stream assisted transcoding
design strategy that can reduce the control stream size and en-
able a large storage/transmission vs. computational complex-
ity trade-off design space. Experiments demonstrate its ef-
fectiveness and noticeable advantages over other alternatives
including simulcast and SVC (scalable video coding).

Index Terms— transcoding, control stream, H.264/AVC

1. INTRODUCTION

As one important technique being used to facilitate video de-
livery, transcoding [1, 2] aims to convert one video sequence
to its another version with a lower spatial and/or temporal res-
olution or even different compression format. Transcoding
often employs the first-decoding-then-encoding procedure to
minimize the size (or bitrate) of the output target video se-
quence, particularly for mobile video data delivery. This how-
ever results in a high computational complexity due to the
computation-intensive nature of video encoding.

An assisted transcoding design strategy was presented
in [3] to reduce the video encoding computational complex-
ity at the cost of data storage and/or transmission overhead.
The key is to complement the source video sequence with a
control stream that can facilitate the encoding process. In [3],
the control stream is obtained by removing the residual infor-
mation from the target video sequence, which is called full
control stream in this paper. Given the full control stream,
the encoding process in transcoding becomes much more
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computation-efficient (e.g., the computations for determining
the modes, reference frames, and motion vectors are elimi-
nated). Nevertheless, as modern video compression standards
continue to improve the motion compensation efficiency and
hence reduce the residual information volume, the size of
full control streams tends to be relatively more significant,
leading to noticeable storage and/or transmission overhead.
For example, our studies on representative video sequences
with H.264/AVC show that full control streams account for
on average 38.7% of the entire target video sequences. Mean-
while, as content delivery network infrastructure becomes
increasingly heterogeneous, especially with the emergence
of heterogeneous wireless networking [4, 5], different nodes
(e.g., edge proxy servers) may have different resources in
terms of computation, storage, and communication band-
width. Therefore, it is highly desirable for control stream as-
sisted transcoding to reduce the control stream size and, more
importantly, gracefully explore the data storage/transmission
vs. encoding computation trade-off space.

To achieve this objective, this paper presents a proximate
control stream assisted transcoding design strategy. Differ-
ent from normal video streams that reach the end users and
hence must strictly follow the video standard syntax, control
streams are only created and consumed within the video s-
torage and delivery infrastructure. Hence, control streams do
not have to strictly follow the standard syntax. This flexi-
bility can be leveraged to gracefully and effectively adjust the
data storage/transmission vs. encoding computation trade-off.
The proposed proximate control stream design strategy has t-
wo key aspects: (i) We can modify the definition or context
of certain types of syntax elements in order to reduce con-
trol stream size at small increase of encoding computational
complexity. In particular, we can relax the precision and com-
pleteness of syntax elements, e.g., for the syntax element of
reference index, instead of conveying the exact index of the
best reference, we can use 1-bit true-or-false flag to represen-
t whether the best reference is the most likely one, and if it
is false, the encoder has to carry out further computation to
search for the best reference. In this paper, we studied the
scenarios of relaxing the completeness of motion vector dif-
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ference and reference index, referred to MVD-proximate and
Ref-proximate control stream. (ii) We can modify the control
stream bitstream processing procedure (e.g., not necessarily
following the macroblock-by-macroblock order) to improve
the compression ratio. In particular, before the entropy encod-
ing process, control stream data of each slice are re-ordered
so that the same type of syntax elements are grouped together.
Intuitively, it will increase the correlation of the data stream
and hence improve the entropy coding efficiency.

Using representative video sequences, we carried out
studies to evaluate the proposed proximate control stream
design strategy. Results show that MVD-proximate, Ref-
proximate, and combined MVD/Ref-proximate control stream-
s can reduce the size by 40.1%, 5.2%, and 44.8% com-
pared with full control streams. This translates into notice-
able savings on storage and/or transmission cost. Mean-
while, compared with stand-alone encoding, the use of full,
MVD-proximate, Ref-proximate, and combined MVD/Ref-
proximate control streams can reduce the computational
complexity by 96.4%, 89.2%, 94.4%, and 88.4%, respec-
tively. When further integrating with syntax element based re-
ordering, MVD-proximate and combined MVD/Ref-proximate
control streams can reduce the size by 45.1% and 48.5%,
compared with original full control streams.

2. PROPOSED DESIGN SOLUTIONS

This section presents the proposed proximate control stream
design strategy, which consists of two key components de-
scribed below. We note that we use H.264/AVC as the base-
line compression standard for all the discussions, and the
same design strategy can be straightforwardly applied to oth-
er standards such as HEVC (high efficiency video coding).

2.1. Relaxing the Completeness of Syntax Elements

To reduce data storage/transmission overhead, the straightfor-
ward option is to remove one or few types of syntax elements
from the control stream. Different types of syntax elements
not only have different size but also have different impor-
tance from computational complexity reduction perspective.
Among the major types of syntax elements in control stream-
s, the skip flag and modes data are the most important and
should not be removed or modified. Hence, we can only con-
sider the removal of motion vector difference and reference
index. The control streams, from which the motion vector d-
ifference and reference index are removed, are referred to as
MVD-less and Ref-less control streams. Our study shows that
motion vector difference is the most dominant syntax elemen-
t, and MVD-less, Ref-less, and combined MVD/Ref-less con-
trol streams can reduce the size by 51.5%, 10.1%, and 59.4%,
compared with full control streams. Nevertheless, such direct
removal of syntax elements apparently results in significant
increase of computational complexity.
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Aiming to seek more graceful storage/transmission vs. en-
coding computation trade-offs, we propose to appropriately
relax the completeness of the two types of syntax elements
(i.e., motion vector difference and reference index) instead of
simply removing them. First, we note that, in normal video
compression, each motion vector difference and reference in-
dex element is represented with variable-length binary string
to better match the unequal probability of all the possible val-
ues. Therefore, if we intentionally make each syntax element
incomplete and only indicate whether the most likely scenar-
ios occur or not, we can effectively reduce the control stream
size and meanwhile largely maintain the reduction of encod-
ing computational complexity. In particular, we propose to
relax the completeness of motion vector difference and refer-
ence index as described below:

o MVD-proximate control stream: We replace each mo-
tion vector difference (consisting the difference on both
X and Y dimensions) with a 1-bit motion vector flag.
As illustrated in Fig. 1, we define a motion vector mini-
search window with a very small size (e.g., 3 X 3 or
5 x b) around the predicted motion vector. If the best-
matching motion vector falls into the mini-search win-
dow around the searching center, we set the 1-bit mo-
tion vector flag as ‘1°, otherwise we set it as ‘0’. Dur-
ing the control stream assisted transcoding, if the 1-bit
motion vector flag is ‘1’, the video encoder searches
for the best-matching motion vector within the mini-
search window around the searching center, otherwise
the video encoder searches within the much larger nor-
mal search window.

1-bitMVD- - =—T — — — 57

proximate flag Normal Search Window

Predipted
Motion Vecto;

I:( Mini-search Windo

Fig. 1. Tllustration of the use of mini-search window in the
proposed MVD-proximate control stream.

e Ref-proximate control stream: We replace each refer-
ence index element with a 1-bit flag as well. If the
best-matching reference frame is the most likely refer-
ence frame, which is typically set as the reference frame
closest to the current frame, we set the flag as ‘1’ oth-
erwise we set it as ‘0’. During control stream assisted
transcoding, if the 1-bit reference frame flag is ‘1°, the
reference index is immediately available, otherwise the
encoder needs to exam all the possible reference frames
to search for the best-matching reference frame.
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Fig. 2. Tllustration of syntax element based re-ordering.

2.2. Syntax Element Based Re-ordering

The last step of video encoding is lossless compression of
all the syntax elements using entropy coding, e.g., context-
adaptive variable-length coding (CAVLC) and context-based
adaptive binary arithmetic coding (CABAC). As illustrated in
Fig. 2, the input bitstream to the entropy encoder is organized
with the unit of macroblock (in H.264/AVC), e.g., all the syn-
tax elements associated with the same macroblock are consec-
utive in the bitstream. Regardless to the specific entropy cod-
ing algorithm, the compression efficiency will increase as the
correlation among adjacent data becomes stronger. As men-
tioned above, control streams are generated and consumed
within the video storage and delivery infrastructure, hence
we may not have to strictly follow the standard syntax. In-
tuitively, the same type of syntax element among adjacent
macroblocks tends to have a stronger correlation. Therefore,
we propose to re-order the input bitstream to the entropy en-
coder, as shown in Fig. 2, so that the same type of syntax
element in each slice is grouped together. This can increase
the bitstream data correlation and hence improve the entropy
coding efficiency, leading to reduced control stream size.

3. EXPERIMENTAL RESULTS

To evaluate the effectiveness of the proposed design tech-
niques, we carried out experiments using the H.264/AVC JM
Reference Model version 18.2 with the following configura-
tions: The search range is set as 32, the number of reference
frames is 5, rate-distortion optimization is turned on, CABAC
is chosen to perform entropy encoding, the integer-pixel mo-
tion search algorithm is UMHexagonS [6], and fractional pix-
el motion estimation is enabled. We studied the transcoding
from 4CIF (704 x576) to 480p (640x480) for four represen-
tative video sequences, including “Foreman” and “Soccer”,
which contain fast motion, and “News” and “Akiyo”, which
contain less and slow motion.

3.1. MVD-proximate and Ref-proximate Control Stream

We considered seven different scenarios, including MVD-
less, MVD-proximate, Ref-less, Ref-proximate, MVD/Ref-
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less (i.e., both motion vector difference and reference in-
dex are removed from the full control stream), MVD/Ref-
proximate (i.e., motion vector difference and reference index
are replaced by 1-bit motion vector difference flag and 1-bit
reference index flag, respectively), and the full control stream.
The size of the mini-search window is set as 55 in the case
of MVD-proximate. Fig. 3(a) shows the control stream size
under these seven different scenarios, normalized against the
complete target 480p video sequences. Fig. 3(b) shows the
computation time as the measurement of computational com-
plexity under these seven difference scenarios, normalized
against stand-alone transcoding without any control streams.

= MVD-less
B MVD/Ref-less

m MVD-proximate u Ref-less
® MVD/Ref-proximate # Full Control Stream

m Ref-proximate

50%
40%
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(a). Normalized control stream size

30%
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20%
15%

10% -
5%
0% -

Foreman Soccer News Akiyo

(b). Normalized computation time

Fig. 3. (a) Control stream size normalized against to com-
plete video sequences, and (b) computation time normalized
to stand-alone transcoding.

The results in Fig. 3 show a large space of trade-offs be-
tween control stream size (hence storage/transmission over-
head) and computational complexity. Although full control
streams assisted transcoding can reduce the computation time
by 94%, their size is on average 37% of complete video se-
quences. MVD-less control streams can largely reduce the
size by about 50%, but the computation time increases by
15%. Compared with MVD-less scenario, the use of Ref-
less control streams has less computation time but larger size.
Compared with MVD-less control streams, MVD-proximate
control streams can noticeably reduce the computation time
(by 81% on average) and meanwhile modestly increase the
size (by 4% on average). The difference between Ref-less
and Ref-proximate is not very significant, mainly due to the
small size of reference index in control streams.

3.2. Syntax Element Based Re-ordering

We further evaluated the effectiveness of the proposed syntax
element based re-ordering that aims to reduce the control
stream size. The key is to increase the adjacent data correla-
tion in the bitstream to be processed by the entropy encoding.
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Fig. 4. Normalized control stream size after re-ordering.

Fig. 4 shows the size of MVD-proximate and MVD/Ref-
proximate control streams with and without using syntax
element based re-ordering, normalized against the size of
complete video sequences. The results suggest that the re-
ordering techniques can further reduce the control stream
size by over 5%. Compared with the size of complete video
sequences, the size of re-ordered MVD-proximate and the
MVD/Ref-proximate control streams reduces to 19% and
17%, respectively.

3.3. Comparison with Simulcast and SVC

As pointed out in [3], simulcast and SVC are two alterna-
tive schemes for providing different representations of the
same video. We carried out further studies to compare with
these two alternatives in terms of rate-distortion (R-D) char-
acteristics. Using the ‘Foreman’ sequence as the test vehi-
cle, Fig. 5 shows the comparison among four different sce-
narios, including simulcast, SVC, full control stream assisted
transcoding, and MVD/Ref-proximate control stream assist-
ed transcoding. We note that the y-axis of the figure is the
PSNR of the high-resolution sequence (i.e., 704x576 in this
study), and the x-axis is the total bitrate of both high- and
low-resolution sequences (i.e., both 704x576 and 640x480
sequences). To make a fair comparison among the four dif-
ferent scenarios, we adjust the coding parameters so that, for
the high-resolution bitstreams that have the same PSNR under
different design scenarios, the corresponding low-resolution
bitstreams have the same PSNR as well. The results show
that the MVD/Ref-proximate design strategy has the best R-D
performance compared with the other three scenarios, and can
save up to 17.5% of bitrate than the use of full control stream.
Both types of control stream assisted transcoding can notice-
ably outperform the other two alternatives, e.g., at PSNR of
39.79 dB, the bitrate of MVD/Ref-proximate design is 28.0%
lower than SVC and 34.2% lower than simulcast. Their ad-
vantages becomes more and more significant as we increase
the PSNR (i.e., reduce QP), because the control stream occu-
pies a less percentage of the complete video sequence under a
lower QP. In addition, this study only considers two different
resolutions, and the advantage of the proposed design strategy
will become more significant as a larger number of different
resolutions should be supported.
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Fig. 5. R-D performance comparison among four different
design scenarios.

4. CONCLUSIONS

This paper presents a proximate control stream assisted
transcoding design strategy that enables a large and grace-
ful data storage/transmission vs. computational complexity
trade-off space for the increasingly heterogeneous networking
environment. This large design space is essentially achieved
by modifying the definition of certain types of syntax el-
ements in bitstreams, and this paper presents two particu-
lar schemes for motion vector difference and reference in-
dex, leading to MVD-proximate and Ref-proximate control
streams. A syntax element based re-ordering techniques is
proposed to further reduce the control stream size. The ef-
fectiveness and advantages of this proposed design strategy
has been well demonstrated through quantitative experiments
with H.264/AVC and representative video sequences.
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