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ABSTRACT

A variety of techniques have been proposed to enhance
the error robustness of the video streaming system. However,
most of them improves the error resilience during compres-
sion rather than after compression. In this paper, we propose
a novel transcoding based scheme called lossless inter frame
transcoding (LIFT) scheme to improve the error resilience of
existing compressed video stream. In the LIFT scheme, in-
ter coded blocks are selectively transcoded into new kind of
blocks called ‘L-block’. At the decoder, the L-block can be
transcoded back to the original P-block when the prediction
is available and can also be robustly decoded as I-block when
the prediction is unavailable. By offline transcoding and on-
line adjusting the ratio of P-blocks and L-blocks, the proposed
streaming server achieves error robustness scalability. Exper-
imental results demonstrate the correctness and effectiveness
of the proposed method.

Index Terms— video streaming, error resilience, intra re-
fresh, L-block, adaptive error robustness

1. INTRODUCTION

Due to the rapid growth of the Internet and the increasing
demand for video contents, video streaming services over
communication network has received tremendous attention
from academia and industry. In a typical streaming sys-
tem, the compressed video streams are transmitted by the
server to the client device(s) for decoding and display in real
time. To against the packets loss or delay during the trans-
mission, a variety of error resilience techniques have been
proposed[1][2][3].

In video streaming system, the server may transmit on-
line compressed video or offline compressed video (e.g. in
VOD system). However, most of the previous error resilience
techniques mainly focus on improving the error robustness
during online compression. Recently, the problem of trans-
mitting offline compressed video in error prone channel is
first addressed in [4], in which an alternate macroblock cod-
ing (AMC) method is proposed under the assumption of a low
delay feedback.

In this paper, we consider the error resilience transmission
of offline compressed video, when the server know the packet
loss rate of the channel but can not get the feedback acknowl-
edgment as assumed in [4]. Observing that most macroblocks
should be coded in inter mode rather than intra mode in offline
compressed inter frames, we propose a lossless inter frame
transcoding (LIFT) method which can convert an inter coded
P-block to a new type of block called L-block to achieve intra-
like error robustness. The L-block can be losslessly trancoded
back to the exact original P-block when there is no transmis-
sion error, and can also be decoded robustly like an I-block
when the predicted block is not available.

Further more, we propose a novel offline transcoding
and online composing scheme based on the proposed LIFT
method. For time-varying channel, this scheme can achieve
same adaptive error robustness as online transcoding when
the server can not afford online transcoding (e.g. when there
are multiple clients of different channel status).

The rest of this paper is organized as follows: Section
2 present the proposed lossless transcoding method and the
proposed error robust streaming server. Section 3 gives the
experimental results and Section 4 concludes the paper.

2. PROPOSED SCHEME

2.1. Lossless inter frame trancoding (LIFT)

Given a compressed video stream, the proposed LIFT method
is to losslessly transcode the P-blocks to achieve intra-like
error robustness.

Let x̂ denote the reconstructed pixel value in the (to be
transcoded) P-block, y denote the inter frame prediction and
ê denote the reconstructed residue respectively. We use X̂ ,
Y and Ê to indicate the corresponding signals in transform
domain, and use T(.), Q(.) and E(.) to indicate the pro-
cess of transform, quantization and entropy coding respec-
tively. The proposed LIFT transcoding scheme is to re-encode
the compressed video such that it can be recovered losslessly
when there is no transmission error, and can also be decoded
robustly when the prediction y is not available. As shown
in Fig.1, the input of the LIFT transcoder is the quantized
residue Q(E) and the prediction y, obtained by decoding the
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original compressed video stream. The prediction y is trans-
formed by the 4 × 4 integer transform and then quantized
to get quantized prediction Q(Y ). Then the sum Q(E) +
Q(Y ) are entropy coded to replace the original entropy coded
residue Q(E). To save bitrate, the DC components of Q(E)+
Q(Y ) are predicted by neighbor blocks. We keep the motion
vectors in the bitstream and compress a binary map to indicate
P-block and L-block.

2.2. LIFT decoder

At the LIFT decoder, firstly y and Q(Y ) are obtained by
motion compensation, transform and quantization. Secondly,
Q(Y ) + Q(E) are entropy decoded and are used to subtract
the Q(Y ) to get Q(E). Finally, with the quantized residue
Q(E) and the prediction y, the reconstructed signal x̂ is re-
covered losslessly. This decoding process can be expressed
as follows:

y + T−1(Q−1(Q(Y ) + Q(E) − Q(Y )))
= y + T−1(Q−1(Q(E)))
= y + T−1(Ê)
= y + ê

= x̂ (1)

In case that the prediction y is not available due to packet
loss, we can still decode robustly since Q(Y ) + Q(E) can
be considered as an approximately scaled version of X̂ . In
this case we directly dequantize Q(Y ) + Q(E) and get an
approximate reconstruction by inverse transform. In this case,
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Fig. 3. The operations in the proposed video server

the reconstruction is:

T−1(Q−1(Q(Y ) + Q(E)))
≈ T−1(Y + Ê)
= y + ê

= x̂ (2)

Therefore, the proposed method can recover the original
reconstruction in lossless case, and can also restore it approx-
imately in lossy case, i.e. the proposed L-blocks have inter-
like reconstruction in lossless case and achieves intra-like ro-
bustness in lossy case. Since the magnitude of Q(Y ) + Q(E)
is larger than Q(E) and is similar to Q(X), the proposed L-
blocks have intra-like bitrate.

2.3. Video server with adaptive error robustness

For time-varying channel, offline transcoding can hardly
achieves optimal error resilience performance due to the
absence of the channel status information, while online
transcoding is too complicated especially when there are
multiple clients with different channel status. Therefore, we
proposed a novel scheme performing offline transcoding and
online composing to achieve adaptive error robustness for
time-varying channel.

Given a compressed video, the server first offline transcodes
all the P-blocks and stores both the P-blocks and the L-blocks
in the storage space. When streaming the video, instead
of sending all the P-blocks, the server online composes the
frames by P-blocks and L-blocks. The L-blocks and the P-
blocks can arbitrarily replace each other, since the proposed
LIFT is lossless. The server adjusts the ratio of P-blocks and
L-blocks according to packet loss rate p. Typically when the
pack loss rate increases, more L-blocks and less P-blocks are
used to make the video stream more robust.

The problem to optimize the ratio and the locations of L-
blocks is quite similar to the problem of intra refresh, since
our L-blocks have intra-like bitrate and intra-like robustness
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Fig. 4. Rate-Distortion performance

in a lossy situation. According to [5], the optimal intra refresh
rate is approximately equal to the packet loss rate p. Thus in
our scheme the ratio of L-blocks is p in the composed frame.
The position of L-blocks is selected randomly rather than by
RDO as in [3], due to the absence of the original video as
reference for distortion calculation.

Notice that, to improve the error robustness of a given
compressed video, one can also re-encode it to add more I-
blocks. However, this recompression introduces transcod-
ing distortion while the proposed LIFT method is lossless.
More importantly, the proposed scheme can offline perform
transcoding and online adjust the number of L-blocks and P-
blocks according to the packet loss rate. However, the recom-
pression method can not online adjust the number of I-blocks
if performed offline, and is too complicated if performed on-
line especially when there are multiple clients with different
packet loss rate.

3. EXPERIMENTS

In the experiments, we assume all the videos have been en-
coded by H.264 (JM 13.2, baseline profile) and will be trans-
mitted over a packet erasure channel. The GOP structure is
‘IPPP...’. We mainly compare three different methods: the
first is to send the video stream directly, the second is to
re-encode the video by H.264 with intra refresh (i.e. forc-
ing some blocks to be I-blocks), and the third method is to
transcode the video by the proposed LIFT transcoder.

3.1. RD performance

In RD performance test, we encode each video at 4 different
bitrate and then transcode the 4 compressed video streams.
We transcode 10% of P-blocks into L-blocks by the proposed
LIFT transcoder. As benchmark we also re-encode the video
by H.264 with 10% intra refresh. To be fair, the location of the
L-blocks in our scheme are exactly the same as the I-blocks
newly emerged in the recompression scheme.

As shown in Fig.4, the proposed LIFT transcoder has
higher RD performance than the H.264 based transcoder,
since the proposed LIFT transcoder is a lossless transcoder.
Compared with the original H.264 video stream, the pro-
posed transcoded stream has the same PSNR but higher
bitrate which is the cost to achieve error robustness.
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Fig. 5. Error resilience performance (fixed refresh rate)

In this figure we also give another RD curve (the dash
line) for reference, which is compressing the original (uncom-
pressed) video with 10% intra refresh. We can see that our
method can achieve similar RD performance with it although
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Table 1. Adaptive error resilience test (foreman qcif at 15Hz)

Test 1 T1: (p = 0%) T2: (p = 10%) T3: (p = 20%) overall (p̄ = 10%)
bitrate PSNR bitrate PSNR bitrate PSNR bitrate (kb/s) PSNR (dB)

original H.264 stream (to be transmitted) 29.84 30.25 29.84 20.16 29.84 17.88 29.84 22.76
offline recompression (add 10% intra) 50.02 28.64 50.02 25.26 50.02 23.11 50.02 25.67

proposed adaptive scheme 29.84 30.25 49.82 25.36 69.41 24.77 49.69 26.79
H.264 stream at 50kb/s (for comparison only) 50.43 32.93 50.43 20.60 50.43 18.07 50.43 23.87

Test 2 T1: (p = 0%) T2: (p = 5%) T3: (p = 10%) overall (p̄ = 5%)
bitrate PSNR bitrate PSNR bitrate PSNR bitrate (kb/s) PSNR (dB)

original H.264 stream (to be transmitted) 29.84 30.25 29.84 23.38 29.84 20.16 29.84 24.60
offline recompression (add 5% intra) 40.04 28.74 40.04 26.02 40.04 23.70 40.04 26.15

proposed adaptive scheme 29.84 30.25 40.11 26.36 49.82 25.36 39.92 27.32
H.264 stream at 40kb/s (for comparison only) 40.90 31.94 40.90 24.13 40.90 20.50 40.90 25.52

we do not have access to the original video.

3.2. Error resilience performance

In Fig.5, we compare the error resilience performance of the
proposed LIFT transcoder and the H.264 transcoder at dif-
ferent packet loss rate 0%, 3%, 5%, 10%, 20%. For each loss
rate, we simulate 100 different random loss patterns. The pro-
posed transcoder performs similar to the H.264 transcoder at
high loss rate, but can gain 0.6dB at loss rate 3% and 1.8dB in
error free case. Again our curve can approaches the dash line
(H.264 with 10% intra refresh) which assumes the original
uncompressed video is available.

3.3. Adaptive error resilience

We conduct two tests on transmitting compressed video over
time-varying channel. In the first test, the average packet loss
rate p̄ is 10% but p changes during the transmission. The loss
rate p is 0% at the beginning, but changes to 10% after 1/3
transmission time and becomes 20% at the last 1/3 transmis-
sion time. In the second test, the loss rates are 0%, 5% and
10% respectively in the three time slots and the average loss
rate p̄ is 5%. In each time slot, the video sequence is trans-
mitted 100 times to get average performance.

We assume the server is not able to afford online transcod-
ing (e.g. due to the huge amount of clients), and thus all the
transcoding (if required) need to be performed offline.

The simulation results are given in Table 1. The pro-
posed streaming server performs offline transcoding and on-
line composing as explained in Section 2.3. Since the ratio of
L-blocks is equal to the packet loss rate p at each time slot,
there are no L-blocks in the first time slot and more L-blocks
in the third time slot. However, the H.264 recompression
scheme can only transcode the video offline with fixed intra
refresh rate (10% in the first test and 5% in the second test),
due to the restriction of complexity. Therefore, the H.264 re-
compression scheme has fixed bitrate during the three time
slots. By comparing the results in Table 1 we can see that
our scheme saves bitrate at the first time slot (corresponding

to low packet loss rate) without increasing the distortion, and
puts more bits into the third time slot (corresponding to high
packet loss rate) and reduces the distortion significantly. For
the whole transmission, the proposed scheme gains more than
1.1dB in average than H.264 recompression at same bitrate.

4. CONCLUSION

In this paper, we propose a lossless inter frame transcoding
(LIFT) method to improve error resilience capability of of-
fline compressed video. Compared with H.264 based recom-
pression, we achieve better RD performance and error re-
silience performance. The proposed error robust server can
adapt to the channel condition and can gain more than 1.1dB
over H.264 based recompression scheme when the video is
transmitted over time-varying channel.
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