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ABSTRACT

An error resilient H.264 coding scheme using SP/SI macroblocks is presented in this work. It is able to generate
alternative SP macroblocks utilizing multiple reference frames [2] and the concealed versions of the corrupted frames
[3]. These alternative macroblocks are used to replace the original ones in the output video stream to protect them from
being affected by previous errors detected at the decoder side. The introduced bit bate is further reduced by adjusting
quantization levels adaptively. Specifically, different versions of alternative SP macroblocks can be coded using
different quantization levels, which is associated with different levels of error resilience performance and different bit
rate consumptions. A proper alternative version is encoded according to the importance of the macroblock. The
importance of the macroblock is measured by its influence on subsequent frames if the macroblock is not correctly
reconstructed. Accordingly, fewer bits are used to replace those macroblocks with less importance. Simulation results
demonstrate the proposed approach achieves an excellent error resilient capability and an improvement in reducing the
bit rate overhead.
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1. INTRODUCTION

Video communication applications become more popular than ever these days. All existing communication networks
(wired, wireless and cellular networks) start to provide sufficient bandwidths for transmission of high-quality video
data. At the same time, emerging video coding standards such as H.264 help reduce the bit rate of compressed video
substantially. As more and more electronic devices and portable devices have the built-in video displaying capability,
there will be a tremendous growth in these applications in the near future.

However, the transmission of compressed video over erroneous channels is still a challenging problem. Transmission
errors or corrupted video data packets can degrade the perceptual quality of received video substantially. Moreover, new
challenges have been raised by new applications. Better video quality is always desired and boosted by a larger display
screen with higher resolutions. On the other hand, wireless networks, which contain inevitable bit errors, are used more
widely and will continue to grow. With all these reasons, it is extremely important to design an effective error resilient
coding and transmission scheme that is able to preserve the high quality level of compressed video over erroneous
channels such as wireless networks. Our work aims at the design of such a scheme that is able to work with the state-of-
the-art video coding standard — H.264.

In this work, an error resilient H.264 coding and transmission scheme using SP/SI macroblocks is presented. The
scheme is able to provide excellent error resilience performance and help preserve the high quality level of the received
video. It is able to work effectively under high bit error rates and different network delays. It is specifically designed for
H.264, and can be adapted to any other coding standards that provide SP/SI or similar coding features.

The rest of this paper is organized as follows. In Sec. 2, some background information is reviewed. In Sec. 3, the
proposed scheme is discussed in detail, where we first describe the overall error resilience scheme and explain how it
works to reduce or eliminate propagation errors. Afterward, the two encoding methods of generating alternative SP/SI
macroblocks are reviewed. We will then explain how to improve these encoding methods in terms of coding efficiency.



Detailed implementation notes and discussions are also provided in this section. In Sec. 4, experimental results are
presented to show the performance of the improved scheme. Concluding remarks are given in Sec. 5.

2. BACKGROUND REVIEW

2.1 Overview of H.264 Video Coding Standard

H.264 (or MPEG4 Part-10 AVC) is an emerging video coding standard proposed by the Joint Video Team (JVT). It is
shown to outperform other existing video coding standards in terms of coding efficiency. H.264 uses the hybrid block-
based motion compensation and transform coding model as existing standards such as H.263 and MPEG-4 [4].
Furthermore, a number of new features and capabilities have been introduced in H.264 to effectively improve the
coding performance. The standard provides more coding options for motion-compensated predictive coding. It allows 7
block sizes to be used for motion estimation. It also defines quarter-pel motion vector resolution in order to generate
more precise predictions. In addition, more than one previous frame can be stored as reference frames for both P and B
frames. The standard also utilizes intra predictive coding to enhance the compression of intra-coded macroblocks. An
intra coded macroblock or block is predicted from its neighboring pixels and only the prediction mode and resulting
residuals are encoded. A number of other coding features and techniques are also introduced in H.264 to help providing
better coding performance. For example, the in-loop de-blocking filter plays an important role in enhancing the
subjective quality of the decoded video; context-based binary arithmetic coding (CABAC) is shown to outperform
variable length coding (VLC) and can be used to further reduce the bit rates during the entropy coding process.

2.2 Error Propagation and Exiting Error Resilience Tools

In most video transmission scenarios, unless a dedicated link that provides a guaranteed level of quality-of-service
(QoS) is available between the source and the destination, data packets may be lost or corrupted [5] during transmission.
As a result of predictive coding in the time domain, such transmission errors can affect not only the current frame but
also subsequent frames. We call this phenomenon error propagation, and the associated errors the propagation (drift)
errors. Error propagation can degrade the PSNR and subjective quality of received video for a long period of time and it
is the biggest challenge for error resilience in video transmission. If propagation errors can be completely eliminated or
largely reduced, the quality level of received video can be well preserved.

Various tools have been introduced in the past to improve the error resilience of compressed video. Many of these tools
can also be adapted to work for H.264 [12-20]. One way to reduce error propagation is to insert intra coded
macroblocks in P or B frames randomly or with certain patterns. It is known as intra refreshing. This technique was
shown to be effective for previous standards in certain cases. However, as intra macroblocks in H.264 are coded with
intra predictions, the insertion of intra macroblocks may fail to stop error propagation since the referenced neighboring
macroblocks might be corrupted as well. Data partition and data embedding intend to give more protections to more
important parts in the bit stream to reduce the damage of transmission errors, and error concealments tools [6] can also
be implemented in the H.264 decoder to enhance the video quality of corrupted frames, but they are not designed to
completely stop the error propagation.

A number of feedback-based error resilience schemes [7-9] were also introduced. In these schemes, the sender
(encoder) obtains the error feedback information from the receiver (decoder) so that it avoids referencing the corrupted
areas/frames to encode subsequent frames accordingly. They are effective in reducing error propagation but all of them
require the video source to be encoded in real time. For many scenarios, the video source (especially those for
commercial video contents) is encoded off-line before the transmission takes place. Furthermore, real-time H.264
encoding demands great computational power and can be expensive. Therefore, these schemes may not work well for
H.264 applications.

2.3 SP/SI Picture coding in H.264

SP and SI picture coding for the H.264 video coding standard was first introduced by Karczewicz and Kurceren in [10]
and [11]. The motivation of the SP/SI picture is to enable flexible stream switching and splicing capabilities for H.264
coded video. An example of stream switching using SP pictures is shown in Fig. 1, where an image sequence is coded
into two bit streams (A and B) with different bit rates and quality levels. It is assumed that the five frames shown in the



figure are consecutive P frames (Po;~Ps and Pg; ~ Pps) and each of these P frames is coded by forward prediction from
its preceding frame. During the transmission, if there is a need (e.g. changing bandwidth) to switch the transmitting
stream from stream A to stream B, we will encounter some problems by sending out the coded P frames in stream B
directly. For example, if we switch the two streams at the point of the third frame by simply sending Pg; instead of Py3,
the decoder is not able to reconstruct Pg; correctly since the reference frame used to encode Pgs, i.e. reconstructed Pg, is
not available in the reference frame buffer of the decoder and the decoder may attempt to use reconstructed frame Py, as
the reference frame to decode Pg;, which may result in significant errors.
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Fig. 1: Stream switching using SP pictures. Fig. 2: The encoding/decoding diagram of secondary SP pictures.

This problem can be solved using SP pictures. First, the third frames in the two streams are coded into two SP frames
instead of P frames, namely SP,; and SPg;, which are called primary SP pictures. When the bit stream is being
switched, a secondary SP picture SPg; that is coded using Pa, as the reference frame will be transmitted instead of SPA3
or SPp;. The way to encode SPsp; ensures that an identical reconstruction as that of the SPp; can be obtained by
decoding it so that the stream switching process will not introduce any mismatch between the encoder and decoder.
After that frames in stream B can be sent directly starting from the fourth frame. Thus, the two streams are successfully
switched. Similarly, another secondary SP frame SPga3 can be created in order to switch from stream B to stream A. We
can create this kind of SP frames at certain points of the video stream to enable switching at these points.

We are not going to discuss the primary SP picture coding in detail. Basically, the reconstruction of the primary SP
picture can be quantized and de-quantized without loss at certain quantization level Qgsp, which is going to be used in the
encoding process of the secondary SP picture. The special way to encode the macroblock in the secondary SP picture
SPg; is the reason that its reconstruction can be identical to the reconstruction of another coded version — the primary
SP picture SPg; in our example. Fig. 2 shows the simplified encoding and decoding diagrams for such macroblocks. The
exact reconstruction of the primary SP picture (SPp;) is being coded instead of the original video content. The
prediction to be used can be chosen arbitrarily and it is obtained from P4, in our example. Another difference of this
coding method from general motion-compensated macroblock coding is that quantization is processed before
calculating the residuals. The quantization level used has to be equal to Qsp set by the primary SP picture coding as
mentioned above. By decoding such an SP macroblock, the exact reconstruction in the primary SP picture can be
obtained as explained below. First, the transformed and quantized different predictions will not introduce any mismatch
(the value of Py in the encoder and P, in the decoder diagram are exactly the same). Second, as the reconstruction value
can be quantized and de-quantized without any loss at the quantization level Qsp, no quantization error will be
introduced in the process. These SP pictures have better coding efficiency than I frames. Thus, it is efficient to use them
for the stream switching purpose.

Similarly, SI pictures are encoded and used under the stream switching scenario. The only difference is that SI pictures
do not use any reference frames, the macroblocks are coded by using intra predictions, which means that in the
encoding diagram shown in Fig. 2, the prediction is generated by intra prediction from neighboring blocks.



The possibilities of utilizing SP/SI encoding for the error resilient purpose was mentioned before. But all of them were
based on SP/SI coding at the picture level, which may not work effectively. Besides, there has been no work in the
literature that offers a concrete error resilient scheme based on SP/SI coding idea.

3. PROPOSED ERROR RESILIENCE SCHEME

3.1 Error Resilient Transmission Scheme

Fig. 3 provides a general diagram of video data transmission, where the sender (typically, a media server) sends
compressed video streams to the receiver(s). Upon receiving the video stream, a real-time decoder at the receiver side
decodes the video stream and sends the output to display devices. One common problem for the system is that the
potential transmission errors may cause a failure of guaranteed QoS, especially in wireless networks. The simple
retransmission scheme provided by the network may not help since it will introduce intolerable delay for video. Fig. 4
shows how video frames are coded using temporal predictions. As shown in the figure, if transmission errors occur in
one frame, parts of that frame are corrupted and cannot be decoded or displayed correctly. Furthermore, some
macroblocks in the next frame will not be reconstructed correctly as well if they use these corrupted area as their
predictions. Similarly, the third frame will also be affected by the incorrect reconstruction of the second frame. As long
as the future frames are coded by predictions from these affected frames, such propagation errors will keep going.
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Fig. 3: Video transmission systems. Fig. 4: An example of error propagation.

However, if the macroblocks in the subsequent frames do not reference the corrupted area in the first frame, the
situation described above will not take place and the transmission error will not affect any of the future frames. As a
result, error propagation is eliminated. There are certain ways to ensure this in the encoding process. Suppose that a
real-time encoder is working on-line and it receives feedback from the decoder, it can simply mark the corrupted areas
in its reference frame buffer according to the feedback and avoid using them as the predictions for future frames. By
such a mechanism, we guarantee a ‘clean’ coded video stream without being affected by previous errors. Unfortunately,
in most application scenarios, video streams are coded off-line before transmission starts since real-time encoding is
usually not required and the cost for implementing a real-time encoder is higher. This is especially true for the H.264
encoder. Therefore, if an effective scheme, which works by following a similar principle as stated above, can be
developed for off-line H.264 encoders, the error propagation problem will be solved.

We propose such an error resilience transmission scheme that is able to eliminate or largely reduce propagation errors
for off-line coded H.264 video. In our scheme, a feedback channel between the sender and the receiver is required, as
shown in Fig. 5. The feedback channel is used to report any detected errors to the sender from the receiver.
Accordingly, the sender adjusts the encoded bit stream of subsequent video frames by avoiding referencing the
corrupted parts.

For each macroblock in the bit stream, we encode multiple alternative versions for it. These alternatively coded versions
are encoded using different predictions from each other, and from that of the original coded version. They are also
coded in a way such that reconstructions of these alternatively coded versions are identical or very close to that of the
original version. The original bit stream or the original coded version of the macroblock is transmitted by the sender
when no error is detected. But transmission errors may occur during the transmission, as explained above, if the
prediction of the originally coded version is corrupted by errors, the macroblock will not be correctly reconstructed at



the decoder side and the error will start to propagate. But if one of the alternatively coded versions is not affected by any
errors, as shown in Fig. 6 we may substitute the original version with it and transmit it to the receiver, and the decoder
will be able to reconstruct the macroblock correctly. In our scheme, the sender identifies macroblocks that are affected
in the subsequent bit stream according to the error feedback and replace them with their proper alternatively coded
versions, and thus error propagation is stopped or largely reduced in the subsequent frames.
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Fig. 5: The interaction between the sender and the receiver. Fig. 6: Bit stream replacement.

3.2 Alternative SP/SI Encoding Scheme

In order to make the above error resilient transmission scheme work effectively, there are several major requirements on
the coding of alternative macroblocks. First, the reconstructions of alternative macroblocks have to be identical or very
close to the originally coded version. Otherwise, mismatch is introduced between the encoder and the decoder. Second,
the encoding of alternatively coded macroblocks should not influence the original coded version such that, if no error
occurs during transmission, the bit stream being transmitted should have the same bit rate and quality as being coded by
a normal H.264 encoder. Finally, the bit rate overhead introduced by these alternatively coded macroblocks should be
small and it should not increase the original bit rate too much, as the bandwidth is still a critical issue in video
transmission.

3.2.1 Alternative SP Macroblock Encoding

The original bit stream to be transmitted without errors is exactly the same as being coded by a normal H.264 encoder.
We call them originally coded versions. The alternatively coded macroblocks introduced in our scheme are encoded
using secondary SP/SI macroblock coding. The diagram for the coding of such macroblocks is shown in Fig. 7.
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Fig. 7: The encoding/decoding diagram of alternative SP/SI macroblocks.

There are two major differences between the encoding of alternative SP/SI macroblocks and the normal inter/intra
macroblocks encoding process. First, the reconstruction value of the originally coded version is being coded instead of
the raw video data. Second, the transformation and quantization are done before calculating the difference, as explained
previously. This is done so that different predictions being used will not influence encoding and decoding of the original
reconstruction.

As the original coded versions are not encoded into primary SP macroblocks, in order to achieve identical or very close
reconstruction as the original version, the quantization level has to be chosen properly such that few quantization errors



will be introduced in the process. It is a trade-off between how close the reconstruction values are to the original version
and the bit rate overhead introduced by using lower quantization levels. This issue will be discussed in detail in Sec. 3.3.

Multiple alternative predictions are used to generate different alternatively coded versions for the macroblock. These
predictions have to be ‘good’ predictions in order to improve the coding efficiency of alternatively coded macroblocks,
which means that the predictions should match the macroblock well. Although the ‘best’ prediction is usually being
used by the originally coded version, it is still possible to generate different well matched alternative predictions for a
given macroblock. In our previous work [2,3], we proposed two different methods to generate such predictions
effectively.

3.2.2 Alternative Encoding with Multiple Reference Frames

H.264 allows multiple reference frames to be used for motion compensation. When multiple reference frames are
allowed, motion estimation is performed in each available reference frame to find the best prediction. Suppose that we
fix the block size for motion estimation to be 16x16, the encoder will find one best matching 16x16 block in each
reference frame. As shown in Fig. 8, the five best matching blocks (Py ~ P,) for macroblock M in frame A are
determined in the five reference frames, respectively. Then, macroblock M is coded into five different versions using
each of the matching blocks as predictions. The one provides the lowest R-D cost is chosen and saved as the final coded
version for macroblock M and its reconstruction will be saved in the reference buffer to be used for future frames.

Reference frames in the buffer Current frame A
Fig. 8: Prediction in each reference frame.

Suppose that P, is chosen as the final prediction and, during the transmission of the encoded video stream, P, is
corrupted due to transmission errors. Upon receiving frame A, the decoder is not able to reconstruct macroblock M
correctly with a corrupted prediction. However, it is not as likely that all the other predictions P; ~ P, are corrupted at
the same time, therefore these predictions can serve as very good alternative predictions in our error resilience scheme.

Therefore, we can modify the encoder so that it saves all of the five predictions of macroblock M during the encoding
process instead of saving only the final choice. And four alternatively coded SP macroblocks can be generated using the
alternative predictions P; ~ P,. These alternative predictions are expected to match macroblock M well because they are
the best matching results for each reference frame after motion search. Such alternatively coded SP macrobocks can be
generated for each macroblock in the bit stream. During the transmission of the video stream, the sender always sends
the originally coded macroblocks unless it receives any error information from the receiver. If it does receive any
information regarding a transmission error, the sender checks the part of the video stream that is going to be transmitted
to see whether there are any macroblocks that may be affected by this error. If so, an alternative version of this
macroblock is chosen and transmitted instead of the original one. As long as not all five of the predictions for this
macroblock are affected by transmission errors, the sender can find a suitable coded version and send it to the receiver
to have the macroblock correctly decoded. Thus, the impact of the transmission error will not propagate.

The alternatively coded SP macroblocks described above can also be coded in real-time during transmission instead of
being coded off-line with the original bit stream. In that case, sender will choose one alternative prediction and encode
the SP macroblock when needed, such that the storage needed for the bit stream is reduced.



3.2.3 Alternative Encoding with Concealed Reference Frame

The above alternative SP macroblock encoding scheme works well when multiple reference frames are available for
prediction. However, in some applications, the reference buffer size may be restricted to one. In this case, the above
method will fail since no alternative SP predictions can be generated. Even if the encoder does allow multiple reference
frames, the above method may not work well sometimes when there is only one frame available for reference. For
example, the second frame that immediately follows an I frame could only use one frame for prediction. Sometimes,
alternative predictions may generate a large residual and then introduce a high bit rate increase if being transmitted
(which may happen during scene changes). Under these situations, we develop the following technique to enhance the
proposed error resilient scheme utilizing the error concealment tools.

Although the error concealment tools implemented at the decoder cannot be used to completely stop error propagation,
such tools still help reduce artifacts of corrupted video frames and improve the PSNR of received video. Corrupted
video frames concealed by the decoder are stored as references for subsequent frames. Since these concealed frames are
different from the reference frames used at the encoder, the mismatch is introduced and the subsequent frames become
vulnerable to propagation errors. However, if the encoder obtains the exact concealed frames based on the error
feedback information and the knowledge of error concealments tools used by the decoder, such a mismatch can be
eliminated using the following coding methods.
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Fig. 9: Error concealment of the decoder.

Fig. 9 shows the video frames received at the decoder during the streaming of the encoded H.264 stream. Suppose that a
transmission error occurs in frame P, and corrupts the received frame. Upon detection of the transmission error, the
decoder conceals the corrupted frame using error concealment tools and stores the concealed P,’ as a reference frame in
its buffer. At the same time, the error information is sent back to the sender using the feedback channel. After receiving
the feedback for frame P,, the sender is able to generate the concealed frame P,’ to conceal motion vectors and other
parameters exactly the same as that of the decoder using the same error concealment tool.

By calculating the dependency between frames P, and P, the sender can identify macroblocks in frame P, that are
affected by the mismatch between P, and P,’. An alternative SP macroblock can be generated in real time for it using
predictions from the concealed reference frame P,” with the same method as shown in Fig.7. It is expected that the
concealed reference frame can also generate a well matching prediction for the macroblock. This SP macroblock will
then be used to replace the originally coded version in the bit stream and sent to the receiver to stop error propagation.

Both of the two approaches described above are able to effectively generate alternative coded SP macroblocks to
eliminate or largely reduce error propagation. They can be combined and used together to make the scheme work more
robustly. A third option, alternative SI macroblocks can also be used when both of the two approaches fail. The
alternative SI macroblocks are coded without any difference from SP macroblocks, only that the alternative predictions
used are generated from intra prediction instead of inter prediction.



3.3 Adaptive Alternative SP/SI Macroblock Coding

As mentioned above, the selection of quantization levels to encode SP macroblocks is critical in our proposed error
resilience scheme. It is a trade-off between how close the reconstruction values are to the original version and the bit
rate overhead introduced using lower quantization levels.

If the quantization level is chosen too large, significant mismatches may exist among the reconstructions of alternative
SP/SI macroblocks and that of the originally coded version. As shown in Fig. 10, the originally coded version of
macroblock M (M) is replaced by one of its alternative versions (M,). As macroblock M may be referenced by other
macroblocks in subsequent frames and the reconstruction of M, is used for their prediction, if there is significant
mismatch between the reconstruction of My and M,, the subsequent macroblocks may not be reconstructed correctly and
it will introduce errors in subsequent frames.
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Fig.10: Influence of mismatch on subsequent frames.

In our previous work [2,3], the quantization level is fixed to ensure a pseudo-lossless compression of the reconstruction
values. The same low quantization level is used for the alternatively coded versions of each macroblock. The approach
is able to guarantee that no significant mismatch is introduced among the reconstructions of different alternative SP
macroblocks and the original coded macroblock. But it is not efficient because the quantization level is usually very low
and will introduce a relatively large bit rate overhead for the alternatively coded SP macroblocks. Since the number of
macroblocks being replaced into these SP macroblocks is quite limited, and usually very low in most transmission
scenarios, the overall bit rate overhead to the transmitted bit stream is not very significant. However, the scheme can be
further improved if the SP macroblocks are encoded more efficiently and the bit rate overhead is further reduced.

In this work, we propose an adaptive method to select the quantization levels. The decision is made adaptively
according to the importance of each macroblock to be replaced. For example, if a macroblock is not being referenced by
any part of subsequent frames, it is considered not important, as the mismatches of its different reconstructions do not
affect subsequent frames and thus we can use larger quantization levels to encode its alternative SP/SI macroblocks. For
instance, all the macroblocks in a frame immediately before an intra frame can be viewed as not important.

Current Frame Subsequent Frames

Fig. 11: Reference chain of macroblock M

The importance of the macroblock is measured by the number of macroblocks in its reference chain. As shown in Fig.
11, macroblock M is referenced by a couple of blocks in the next frame, while they are being referenced by a number of
blocks in their subsequent frames, and such dependencies may continue to grow. We call this dependency the reference
chain of macroblock M. We count the number of 4x4 blocks existing in this reference chain of macroblock M within a
certain number of frames (e.g. 5 frames). As the original bit stream is coded off-line, such information can be easily
obtained and it is used as the importance measurement for macroblock M.



Therefore, according to different levels of importance, we may use different quantization levels accordingly. The level
classification and thresholds can be defined to fit the needs of different applications. A simple strategy used in our
experiments is to define three different levels: most important, important and not important. If the number of 4x4 blocks
in the reference chain of a macroblock is less than 16 within the five-frame interval, it is classified as not important and
its alternative version will be encoded with the same quantization level as the original bit stream. If the number is above
80, it is considered important and the quantization level used for encoding its alternative version is chosen to ensure
pseudo-lossless compression. The actual quantization step is not necessarily 1 in order to reduce the quantization error
to a negligible number, instead it could be much higher. This is because that the reconstruction value of the originally
coded version has gone through a certain quantization and de-quantization process, and it is friendly to another
quantization process. The macroblocks fell into the middle level can be coded using a quantization level in between
(chosen as +8 to lossless level as optimized in our experiments). The overall coding efficiency of the alternative SP/SI
macroblocks can be improved effectively using the above approach.

3.4 Implementation of the Proposed Error Resilience Scheme

The proposed error resilience scheme can be implemented and functioning effectively in any applications that require
error resilient transmission of off-line coded H.264 video. The original bit stream is coded in the same way as a normal
H.264 encoder. The alternative SP/SI macroblocks can be encoded on-line or off-line, it depends on the requirements of
the application. Only a few modifications need to be made to the H.264 encoder in order to generate these alternative
SP/SI macroblocks since the SP/SI encoding scheme is already included in a standard H.264 encoder.

A number of important functionalities are implemented at the sender side. The sender is responsible of identifying
macroblocks that are corrupted or affected by errors, selecting proper alternatively coded versions and replacing the
macroblocks in the bit stream. When the network delay is relatively low, the sender receives the error feedback
immediately after the receiver detects an error and it is able to replace the macroblocks in the next frame immediately.
When the network delay is higher, the scheme has to be adjusted accordingly so as to work effectively.
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As shown in Fig. 12, when the sender receives the feedback regarding the transmission error occurring at frame P,, two
subsequent frames P,;; and P, have already been transmitted to the receiver and it is expected that errors will
propagate in these two frames. In order to stop the error propagation, the sender first identifies macroblocks in these two
frames that have been affected by transmission errors, and then determines which macroblocks in the current frame may
be affected by them. Finally, the sender replaces these macroblocks (the shaded macroblocks as shown in the figure) in
the current frame with one of their suitable alternative coded versions. If the alternative prediction using concealed
reference frame is being used, the sender also generates concealed versions of the intermediate frames. As shown in Fig.
13, the sender still generates the concealed version of P, as P,’. Furthermore, based on P, and the coding parameters, it
also generates frame P,;;” and P,;,’ that are identical to the reconstructed frames of P,;; and P, at the decoder. Then,
using these re-generated reference frames, the sender encodes the affected macroblocks in P,.3 into SP macroblocks and
sends them in the output bit stream to stop error propagation. By following this method, our scheme works effectively
under long network delays.



In summary, our proposed scheme is able to effectively eliminate or largely reduce the propagation errors using the
alternative SP/SI macroblock coding scheme and the transmission scheme described above. When no error occurs, the
original bit stream is transmitted and no bit rate overhead is introduced. When the transmission error occurs, as the
alternative SP/SI macroblocks are encoded with well-matched predictions and with adaptively selected quantization
levels, their bit consumption is largely reduced. As the number of these alternative macroblocks to be transmitted is
limited, the overall bit rate overhead is small.

4. EXPERIMENTAL RESULTS

To evaluate the performance of the proposed scheme, we tested it under different scenarios with different channel
characteristics. In order to demonstrate its effectiveness in real-world applications, we simulated the network packet loss
conditions by generating error patterns similar to the practical ones. For instance, burst errors often occur in wireless
channels. Such burst errors may corrupt one whole slice in a video frame or even more. We simulated such burst errors
by generating the corresponding error pattern. The experiment results are reported below.

(a) The 10" frame after error starts to occur

(¢) The 60™ frame after error starts to occur

Fig. 14: Comparison of reconstructed frames with (right) and without (left) the proposed scheme



First, we want to demonstrate the error resilience performance of our proposed scheme. As shown in Fig. 14, the
reconstructed video frames at the decoder side with and without our proposed scheme are compared. In our test, the
error concealment tools described in [6] and implemented in the reference codec are used to conceal the corrupted
frames. The burst error length is one slice and the error rate is 5% of all slices. The sequence is encoded into
‘IPPPPP..." pictures.

As shown in the results, our scheme provides an excellent error resilience performance, even for the 60" frame after the
error starts to occur, we still do not observe any significant artifacts in the reconstructed video frame. On the other hand,
the reconstructed video frame without our scheme being implemented has been largely distorted.

In our previous work, we have shown that our proposed scheme outperforms other error resilience tools such as intra
refreshing. In our following experiments, we compared the R-D performance of our scheme with and without using
adaptive decision on quantization levels for alternative SP/SI macroblock coding. The same slice loss pattern is
simulated while FMO (flexible macroblock ordering) is enabled to improve the performance of error resilience. The
H.264 reference codec version 7.6 and Foreman QCIF sequence is used in the experiments. As shown in Fig. 15, our
scheme with adaptive quantization level selection yields a better R-D performance than before, most of the
improvements come from the fact that the bit rate overhead is reduced.
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Fig. 15: R-D performance comparison of the proposed scheme with and without adaptive quantization level selection.

5. CONCLUSION

The proposed scheme is able to provide high error resilient performance under different scenarios as shown in the
experiments. As most multimedia applications demand effective quality control while the quality requirement becomes
higher, the proposed scheme offers a great tool for H.264 coded video streams to maintain the high quality level in an
error-prone environment. The bit rate overhead of our scheme is small. The adaptive quantization level selection
scheme helps further reduce the bit rate overhead. It does not result in any overhead in bit rates when there is no
transmission error, since the proposed scheme does not require any significant syntax changes for the H.264 standard. It
aims to work for off-line H.264 encoders. Our scheme can work effectively even when long or varying transmission
delays exist. It is specifically designed for H.264, and can be adapted to any other coding standards that provide SP/SI
or similar coding features.
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