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Abstract—Two enhanced video stream switching schemes for ~ The rest of the paper is organized as follows. Some related
H.264 are proposed aiming at prompt switching among com- previous work is reviewed in Sec. Il. The stream switching
pressed video streams coded at different quality levels and bit method in H.264 is discussed in Sec. Ill. The two proposed

rates. The original stream switching scheme using primary and . : .
secondary SP/SI pictures in H.264 is effective in switching, but schemes are presented in Sec. IV. Itis followed by experimen-

degrades the compression efficiency of the transmitted stream tal results in Sec. V and concluding remarks in Sec. VI.

even if the switching operation does not take place. In the

two proposed schemes, no modification is made to the original Il. REVIEW OF PREVIOUS WORK

compressed streams (namely, no primary SP picture is adopted)  pqr g video streaming system, guaranteed end-to-end QoS
so that compression efficiency is maintained at switching points. - - . . .

As a result, switching points can be assigned flexibly in our (qu_a“ty of serylce) over the entire streamlng pe“oo_' may be
enhanced schemes according to the need of applications andd_“chCUIt to ach_mve. For example, th_e bandwidth av_allable for
network conditions without worrying about the bit rate overhead. video streaming may change during the streaming period.
When switching occurs, the proposed schemes use a new pictureTo utilize the bandwidth efficiently and avoid congestion

type - DIFF (difference picture) in different ways to compensate c5,sed by the overflow, the outgoing bit rate of the streaming

the mismatch of reference frames. The first proposed scheme L . . - .
is designed to simplify the implementation vf/)hilg the second aPplication needs to be adjusted to fit the available bandwidth

scheme is designed to further reduce the bit rate overhead. It is in real time.

shown by experimental results that both of the proposed schemes One way to enable real-time bit rate adjustments during the
outperform the switching scheme defined in H.264 and they streaming period is the use of scalable video coding [3]. That
are able to realize prompt stream switching without noticeable is, a video source is encoded into different quality levels or

quality degradation and have a small bit rate overhead only when . .
the actual switching operation occurs layers. During the transmission, the sender can choose not to

Topic area - Multimedia Processing. transmit data in some of the layers to adjust the outgoing bit
rate. The method is suitable for streaming over heterogeneous
l. INTRODUCTION channels, but it degrades the overall compression efficiency

Video streaming is one of the major methods of distributingnd increases the computational complexity of both the en-
video data for entertainment and information services. Mampder and the decoder. There are some on-going efforts for
communication networks (wired, wireless and cellular nescalable H.264 video development [4].
works) start to provide sufficient bandwidths for transmission A simple method to realize bit rate adjustment is to encode
of high-quality video data. At the same time, emerging videmultiple versions of the same video sequence. These versions
coding standards such as H.264 [1] help reduce the hidve different quality levels and bit rates. During the stream-
rate of compressed video substantially. As more and margy, when there is a need to adjust the outgoing bit rate, the
electronic devices and portable devices have the built-in videtsteam to be transmitted can be switched from one version to
display capability, there will be a tremendous growth in theghe other in order to fit the bandwidth requirement. This is
applications in the near future. called “stream switching”. However, in existing video coding

In H.264, new picture types - primary and secondary SP/Standards, most video frames in the stream are compressed
pictures are introduced by Karczewicz and Kurceren [2] tasing motion-compensated coding. Directly switching between
facilitate stream switching. Video frames are encoded into SBeams at these inter-coded frames (P or B frames) tends to
pictures at switching points instead of intra-coded picturesause the mismatch of reference frames and results in incorrect
The coding efficiency of the SP pictures is much higher thaaconstruction. The quality of reconstructed video may be
that of intra-coded frames, but they are still less efficient thategraded significantly. One method to solve the problem is to
normal P pictures. Therefore, the overall coding efficiency encode video frames into intra-coded pictures at pre-selected
still degraded if many switching points are assigned. switching points. It is desired that stream switching can be

In this work, two enhanced stream switching methods apeocessed immediately after the bandwidth change is detected.
proposed that do not require any modification to the origindls switching can take place at these switching points only,
video stream at the switching points. Therefore, no matttre switching points need to be assigned frequently in the bit
how many switching points are assigned, the overall codistream in order to realize prompt stream switching. However,
efficiency will not be affected. It is shown by experimentait will introduce a substantial bit rate overhead to have many
results that the proposed schemes are able to realize flexibtea-coded frames in the video stream due to their low coding
stream switching and have a small bit rate overhead only whefficiency. Thus, a new stream switching scheme is proposed
switching occurs. in H.264 as described in the next section.



IIl. STREAM SWITCHING IN H.264 will be transmitted instead of Pgs. Thus, the five frames to
be transmitted will beP41 — Pas — SPap3 — Pps —

- - ) Pgs. Obviously, SP4p3 can be correctly reconstructed as
——»i,wi ——+ipui —-+i,,\5{ its reference frame is available at the decoder side. At the
L ¥ e Pl same time, the encoding of primary SP pictbrBz; and sec-
Stream A - : ondary SP pcituré P, g3 ensures that they have the identical
. /1 reconstruction. Thus, the subsequent frame transmitted after
! e . . . switching - S Pg4 can also be correctly reconstructed since its
P " P reference frame can be obtained by decodfs ;. With
B this method, the two streams are switched successfully without

introducing any reconstruction errors. Similarly, if the above
example changes to switching from stream B to A, another

Fig. 1. Example of stream switching. secondary SP picturgPg 43 has to be created and transmitted.
The above scheme is effective for stream switching. How-

A stream switching scenario is shown in Fig. 1. StreafVer, in order to make its reconstruction identical to the
A and stream B are two compressed streams encoded fréfgondary SP picturéP,p3, the coding efficiency of the
the same video sequence but with different bit rates. The thiffmary SP pictureSPpg; is poorer in comparison with a
frame is selected as a switching point. Suppose that stream Rmal P picturePz;. As the primary SP pictures at switching
bit rate is higher and it is selected to be transmitted initiallpoints are transmitted if switching does not take place, the
However, a change of the bandwidth condition is detecté&yerall coding efficiency of the transmitted stream is degraded.
prior to transmission of the third frame and it is decided For most video streaming applications, video sequences are
that stream B is more suitable for the new bandwidth. In thf®mpressed off-line. By using the above switching scheme,
case, stream switching will take place at the switching poifitvitching points need to be assigned during the off-line encod-
(i.e. the third frame). HoweverPg; can not be transmitted INg process. The bandwidth change for the streaming channel
directly in order to switch the streams because it is cod&@ppens randomly and it is difficult to predict the change
using Pg» as the reference frame that was never transmittékgforehand. Prompt stream switching is required to adjust the
Only the reconstruction of?4, exists at the decoder sideoutgoing bit rate quickly to fit the time-varying bandwidth.
and it is different from that ofPg,. If Pgs is transmitted, Thus, switching points need to be assigned frequently in
it cannot be reconstructed correctly. The errors introducée video stream so that stream switching can be processed
in the reconstruction not only degrades its own quality, bifnmediately after a bandwidth change is detected. On the other
also affects the reconstruction of subsequent frames for a Id#@nd, the actual number of bandwidth changes that require
period of time due to motion-compensated coding. switching during the streaming period may be very limited.

To solve the problem, a stream switching scheme usingT0 conclude, there exists a dilemma in the above switching
primary and secondary SP pictures was introduced in H.28gheme adopted by H.264. A large number of video frames
[2]. As shown in Fig. 2, the switching point is encoded int@re coded into primary SP pictures but switching may not
primary SP picturess P45 and SPg; instead of the normal P take place in most of these frames. The existence of the
pictures in both streams. If switching from A to B does nderimary SP pictures degrades the overall coding efficiency of
take place, the transmitted sequence for these five frames Wi transmitted video stream with only a small portion of them

be Pa; — Pas — SPas — Pay — Pas. really functioning for switching.
- o > IV. TWO ENHANCED STREAM SWITCHING SCHEMES
’ ---»i'%i -»E'PME ---»i'p“i In order to overcome the problem described above, two
L e b enhanced stream switching schemes are introduced in this sec-
gasts tion. The proposed schemes have two common characteristics.
First, they do not require modification of the originally com-
e pressed stream so that the coding efficiency of the transmitted
\\ stream will not be degraded if no switching occurs. Second,
] L ] when a switching operation is required, prompt switching can
p,, i i st ——-»ispmi -—-» —» still be achieved without introducing noticeable errors and only
i = HE a small bit rate overhead will be needed.
S,M';,B g i Fig. 3 illustrates the first proposed switching scheme. In
the given example, the third frame is selected as a switching
Fig. 2. Stream switching in H.264. point. When switching is not required, five original P pictures

in stream A are transmitted aBs1 — Pao — Pa3 —
When switching is required, a secondary SP picture, denotBd, — P45. The original compression efficiency of stream
by SPaps that is coded using’4> as the reference frame,A is preserved. The reason th&zs; cannot be transmitted



e 7 used does not affect the desired reconstruction. As shown in

T e T e T R T R the figure, by using this encoding method the 'P1’ value in
v’ ] encoding process and the 'P2’ value in the decoding process
Stream A are identical and, as a result, the different prediction used does

J’Q_’ not affect the reconstructed value.
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Fig. 3. The first enhanced stream switching scheme.

directly when switching is required is that the reconstruction Fig. 4. The encoding and decoding diagramsSd?, 5.
of P4, available at the decoder side is different from the
reference frame needed to reconstrugts, which is the By combining the encoding and the decoding processes
reconstructedPs,. Therefore, we can simply calculate theof the secondary SP pictur§ P4ps3, the overall diagram
difference of the reconstructions dP4, and Pg., encode can be simplified to the one shown in Fig. 5. As shown in
it into a difference picture (DIFF) and transmit the picturéhe figure, the only possible difference of the inpué.(the
to the decoder to compensate the mismatch. The transmittfegonstruction ofPz3) and the outputife. the reconstruction
sequence for switching will then by, — P4, — DIFF — 0of SP4ps3) are introduced in the forward/inverse transform
Pgs — P4 — Pgs. Upon receiving the DIFF picture, theand the quantization process. If the forward/inverse transform
decoder simply adds its values to the reconstructiorP@f process is lossless, errors introduced in the above process are
in the reference buffer. By using this method, the two strear@gly quantization errors. Since such errors are very small, the
are switched successfully. reconstruction ofSP, g3 can be used directly to decodg;,

Itis clear that no modification is made to the originally comafter switching without introducing large errors.
pressed frames at the switching points in the above scheme.
Therefore, the switching points can be assigned freely without of Pas
worrying about degradation of coding efficiency. The DIFF e e C
picture encodes the difference between the two differently
coded versions of the same video frame and such a difference

is usually very small. Thus, it does not require a large numbernyhen needed, the small mismatch between reconstructions
of bits to encode it. As the DIFF picture is only transmitteg SPaps and Py can be further reduced by transmitting
when switching occurs, the bit rate overhead introduced Byother difference picture DIFF that encodes their difference.
the above scheme is small. Upon receiving the DIFF picture, the decoder adds it to the
However, as high-precision compression is required tgconstruction of Py 5 in the reference buffer. As the energy
encode the DIFF picture to avoid errors during switchingf the difference values to be coded are extremely small, the
it is desirable that the number of bits required to encodgimber of bits needed to encode this DIFF picture is usually
DIFF picture is further reduced. To achieve this goal, wguch smaller than that of the DIFF picture in the first proposed
propose another switching scheme that utilizes the secondg&fieme. As the bit consumption 8. 3 is similar to that
SP picture described in Sec. Ill. Similarly as the first schemgs Pgs, the overall bit rate overhead of the second scheme is
original P pictures are transmitted when switching is netirther reduced.
required in the proposed scheme. When switching takes placén summary, both of the proposed stream switching schemes
at the third frame, a pre-coded secondary SP picEa 3  do not require any modification to the originally compressed
is transmitted. stream at switching points. The original coding efficiency is
The encoding and decoding diagrams for the blocks in tineaintained regardless of the assignment of switching points.
secondary pictures P43 are shown in Fig. 4. Its encoding Therefore, switching points can be assigned as frequently
process has two major features. First, the input to the encodsr possible depending on application requirements and net-
is the reconstructed’z; instead of the raw video data. This iswork conditions. Prompt and correct stream switching can be
to ensure that the reconstruction of th&, 53 is very close achieved using both schemes without introducing large bit rate
to that of Pg3. Second, the transform and quantization amverhead. The first scheme does not require SP pictures and is
processed before the residual is calculaté®,p3 usesP4o  very simple in implementation. The second approach further
as the reference frame and it is different from the referenoeduces the bit rate overhead when switching takes place at
frame of Pg3. Thus, it is important that the different predictionthe expense of higher implementation complexity.
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Fig. 5. The combined encoding/decoding process B4 g3.




V. EXPERIMENTAL RESULTS

In order to demonstrate the performance of the two en-
hanced stream switching schemes, stream switching is simu-
lated in our experiments. The switching points are assigned
with different frequencies to show their influence on the
streaming performance. They are also tested when different
numbers of actual switching takes place during the streaming
period. The proposed schemes are compared with the stream
switching method based on primary and secondary SP frames,
which is adopted by H.264 as described previously.

In the experiments, the H.264 reference software (JM8.6) is
modified to test the proposed schemes and the QCIF Forerrlgan
sequence is used. The bit rate of our proposed schemes and
the switching scheme in H.264 are compared in Fig. 6. The
guantization step size of the primary SP frames in the later
approach is adjusted so that the overall PSNR of bit stream
is close to the original stream (set as QP-6). As shown in
the figure, the bit rates of the two proposed schemes do not
change at all due to the fact that the number of switching points
assigned does not affect their bit rates. Their bit rates actually
equal to the original bit rate of the compressed stream. The
bit rate overhead of the stream switching in H.264 becomes
larger when more switching points are assigned since more
primary SP pictures are transmitted and they demand a larger
number of bits as the overhead.

PSNR (dB)

PSNR (dB)

R-D Comparison (Switching Every 150 Frames)
T T T T

5~ Ideal Switching - No Efficiency Degradation
—« First Proposed Scheme

-5~ Second Proposed Scheme

o~ Stream Switching in H.264

150 200 250 300 350
Bit Rate (kbits/s)

H. /. The R-D performance comparison for switching at every 150 frames.
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Fig. 8. The R-D performance comparison for switching at every 300 frames.
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- 1 VI. CONCLUSION

Two enhanced stream switching schemes were proposed
for streaming applications by adjusting the outgoing bit rate
promptly to adapt to the available bandwidth efficiently.
The enhanced schemes do not degrade the coding efficiency
] of received video when no switching takes places. Thus,
] switching points can be assigned freely based on application
requirements and network conditions. It was shown by the
experimental results that only a small number of overhead bit
rate is introduced when switching occurs for both schemes.
Fig. 6. The bit rate comparison as the number of switching points increas?zhe first proposed scheme is very simple in implementation

while the second approach further reduces the bit rate overhead

The R-D performances of the proposed schemes are algothe expense of slightly higher complexity. The proposed

examined when switching does take place. Fig. 7 and Figs8hemes can serve as useful extensions for H.264 and most

show the R-D curves of the proposed schemes when switchi@gsting video coding standards.
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