Ma et al. / J Zhejiang Univ Sci A 2009 10(8):1169-1176 1169

Journal of Zhejiang University SCIENCE A

ISSN 1673-565X (Print); ISSN 1862-1775 (Online)
www.zju.edu.cn/jzus; www.springerlink.com
E-mail: jzus@zju.edu.cn

JZUS

A network-aware error-resilient method using prioritized
intra refresh for wireless video communications

Han-jie MAT, Fan ZHOU™, Rong-xin JIANG, Yao-wu CHEN

(Institute of Advanced Digital Technology and Instrumentation, Zhejiang University, Hangzhou 310027, China)
"E-mail: hanjie.ma@gmail.com; fanzhou@mail.ome.zju.edu.cn
Received Sept. 13, 2008; Revision accepted Feb. 23, 2009; Crosschecked June 10, 2009

Abstract:  We propose a novel prioritized intra refresh method for the wireless video communication. The proposed method
considers the characteristics of the human visual system, the error-sensitivity of the bitstream, and the state of the time-varying
wireless channel jointly. An expected perceptual distortion model was used to adjust the intra refresh rate adaptively. This model
consists of the perceptual weight map based on an attention model, the bit error probability map based on bitstream size, and the
dynamic channel state information (CSI). Experimental results indicate that, compared with other intra refresh methods that
consider only the content of the video or the CSI, the proposed method improves the average peak signal-to-noise ratio (PSNR) of

the whole frame by about 0.5 dB, and improves the average PSNR of the attention-area by about 0.8 dB.
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INTRODUCTION

The robust real-time video application over the
wireless channel is still a challenging problem due to
the time-varying, bit errors and packet erasure char-
acteristics of the wireless links. To solve this prob-
lem, many error-resilient video coding mechanisms
have been proposed, such as layered coding with
transport prioritization (LCTP), multiple-description
coding (MDC), joint source and channel coding
(JSCC), forward error concealment (FEC), automatic
repeat quest (ARQ), and data partition (Wang et al.,
2000).

The intra refresh method is a fairly efficient
error-resilient video coding mechanism to improve
the quality of the video transmission over the wire-
less channels. This method requires no modification
to the bitstream syntax and almost no extra compu-
tation. Currently, the popular intra refresh algorithms
include random refresh, periodical refresh, and mo-
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tion information based refresh (Haskell and Mess-
erschmitt, 1992; Cote and Kossentini, 1999; Shu and
Chau, 2008). These algorithms perform well in the
error resilience, but not well in the coding efficiency.
Hence, how to achieve the trade-off between the
coding efficiency and the protection of error propa-
gations becomes a challenge. Several strategies are
utilized to solve this problem. In (Liao and Villasenor,
2000), an adaptive intra refresh algorithm based on
an error-sensitivity metric accumulated at the en-
coder was proposed. Frossard and Verscheure (2001)
improved this method using the adaptive MPEG-2
information structuring (AMIS) mechanism, espe-
cially for MPEG-2 video streams. The rate-distortion
mode was also used to improve the performance of
the intra refresh method. Cote et al.(2000) adopted
the end-to-end rate-distortion model (E2ERD) to
optimize the video coding mode selection. He et
al.(2002) derived an analytic solution for adaptive
intra refresh considering the source and channel
distortion jointly. A rate distortion model based intra
refresh method with the potential distortion tracking
was proposed in (Zhang et al., 2004). In (Chen et al.,
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2007), an attention-based adaptive intra refresh
method for the error-prone video transmission was
proposed, which is based on the E2ERD model using
the subjective human vision property. This method
takes into account several human vision factors, such
as intensity, color, and orientation, to obtain a better
subjective quality. The E2ERD model based intra
refresh depends on the feedback information from
the decoder end, which is not suitable for real-time
and limited-bandwidth applications.

In this paper, a network-aware prioritized intra
refresh method based on expected perceptual distor-
tion for wireless video communications is proposed.
The subjective human vision properties, the error-
sensitivity of the bitstream, and the characteristics of
the wireless channel are jointly considered to calcu-
late the expected perceptual distortion. Then the intra
refresh rate is adaptively adjusted according to each
macroblock’s expected perceptual distortion. The
perceptual content in the video input is weighted by
an attention model. A bit error probability map is
calculated as the metric of the error-sensitivity of the
bitstream. The channel state information (CSI) such
as the bit error ratio (BER) or packet lost ratio (PLR)
is also taken into consideration. As a result, the pro-
posed intra refresh method obtains a satisfying per-
formance in both the subjective and the objective
video qualities.

PROPOSED NETWORK-AWARE PRIORITIZED
INTRA REFRESH METHOD

System model of the proposed intra refresh
method

Frossard and Verscheure (2001) used the mean
luminance difference (MLD) to measure the distor-
tion corresponding to the simplest metric correlated
with human perception. The MLD of macroblock
B(i, j, n) is defined as follows:

. 1 . .
Dmb("Jln):ﬁ|8recon(liJ'n)_Bdam(Iijln)|l (1)

where (i, j, n) denotes the macroblock position in the
video frame n, Brecon(i, j, N) denotes the correctly
reconstructed macroblock at the encoder, and

Baam(i, J, n) denotes the corresponding damaged
macroblock. Assuming that the frame-copy er-
ror-concealment technique is used at the decoder side,
the corresponding damaged macroblock can be ap-
proximately replaced by the correctly reconstructed
macroblock with the same position in the previous
frame. Thus, the MLD of macroblock B(i, j, n) can be
modified as follows:

. 1 . ..
D,,, (1, ],n) = —=|B,eon (I, J,N) = B (1, J,n =1)|. (2
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The distortion due to error propagation can be
weighted by the corresponding loss probability ma-
trix (Frossard and Verscheure, 2001). Hence, the
expected distortion can be given by

De_mb(ivjln):Dmb(ivjln)Pmb(iijrn): (3)

where Pnp(i, j, n) represents the probability for
macroblock B(i, j, n) suffering from bit errors.

However, video distortion in the above model
does not correlate well with the human perception of
video quality. Human usually pays different atten-
tions to different regions depending on the perceptual
acuteness of each region. Therefore, attention based
perceptual weight should be added to improve the
perceptual distortion metrics. Let W, mp(i, j, n) de-
note the perceptual attention weight of macroblock
B(i, j, n). Then the expected perceptual distortion is
defined as follows:

D, (i Jim) =W, (i, j,m)D,, (i, j,n)P,, (i, j,n). (4)

Macroblocks should be forced intra-mode en-
coded when the accumulation of the expected per-
ceptual distortion at position (i, j) reaches a given
threshold 4, (Frossard and Verscheure, 2001). Then
the condition for a macroblock B(i, j, n) to be
intra-coded in frame can be simplified by

> D, G jm=4, 5)

m=ny

where ng denotes the last intra-coded video frame
number.
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Fig.1 shows the proposed framework of the
video encoder using the expected perceptual distor-
tion model in a typical wireless video communication
system. It can be seen that, the perceptual weight
map is calculated from the content of the current
input video frame, the bit error probability map is
computed from the bitstreams of the encoder output,
and the CSI is obtained from the transceiver at the
physical layer of the wireless channel. These factors
are combined to calculate the expected perceptual
distortion of the current input video frame. Then the
video encoder adaptively chooses forced intra-mode
coding for each macroblock according to the pre-
dicted perceptual distortion to improve video quality.
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map |—> distortion 4] information
; Bit-error
Reconstruction || | probability
map
s~ ' /T
Video L’ i .
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Fig.1 Overview of the video encoder using the expected
perceptual distortion model in a typical wireless video
communication system

Perceptual weight map based on attention model

Our perceptual weight map is calculated using a
perceptual attention model that considers the three
factors simultaneously: motion, skin tone, and fovea.
These factors are fused with different weights to
compute the final attention weight map.

Motion is an important focus in video commu-
nications and the motion areas always receive more
attention. Thus, it should have high perceptual
weights in the perceptual weight map. Spatial and
temporal mean absolute difference (MAD) is calcu-
lated based on macroblocks to evaluate the motion
information of the current frame (Liu et al., 2007).
The motion weight of macroblocks is adaptively
changed according to the global motion of the current
frame because more attention should be paid to fast
moving regions.

The presence of human is another important
focus in video communications. Human face and
hands are the most attractive parts of the human
content. Thus, the skin regions should be paid more
attention to and have a high perceptual weight. Since
the skin areas are sometimes still and cannot be de-
tected using only the motion factor, the skin tone
model proposed in (Hsu et al., 2002) has been
adopted using macroblocks. The macroblocks based
algorithm is more effective because the high accu-
racy of pixels in face detection is not required in our
attention model.

Fovea also affects human perceptual attention
(Lee et al., 2002) and people usually focus on the
center region of the video scene. Hence, the center
region should have a higher weight than other re-
gions in the video scene. Motion activities and hu-
man presence in the peripheral region are captured by
the higher weight placed upon the motion and skin
tone model.

Let W, mo(i, j, n) denote the perceptual weight of
macroblock B(i, j, n), ps the value of the skin factor,
pm the value of the motion factor, ps, the value of the
fovea effect factor, and ws, W, Wso, their weights
respectively. Then we have

Wp_mb(il j’n) :Ws ps(i! j!n)+Wm pm(il j,n)
+Wf0v pfov (I! j!n)'

(6)

Fig.2 shows the perceptual weight maps of the
54th frame of the Foreman sequence (QCIF) and the

(b)

Fig.2 Perceptual weight maps of the test sequences
(a) Foreman; (b) Paris



1172 Ma et al. / J Zhejiang Univ Sci A 2009 10(8):1169-1176

73rd frame of the Paris sequence (CIF) provided by
our attention model. The Foreman sequence is a
‘centered’ sequence; the perceptual attention model
performs well. The perceptual weights placed upon
the center regions of chair and table are a deficiency
of the Paris sequence with our model.

Bitstream size based bit error probability map

Based on the variable-length codes (VLCs),
when one macroblock is corrupted, the successive
macroblocks will be dropped until the next resyn-
chronization point. Assuming that the whole frame is
coded into one slice, each slice has a constant bit size
by using a constant bit-rate control mechanism at the
encoder side. Then each slice has the same bitstream
size and the decoder can be correctly synchronized at
the start of each slice when bit errors occur. Let S(i, j,
n) denote the bitstream size of macroblock B(i, j, n),
Lheag the bitstream length of the slice head, L(i, j, n)
the bitstream length between the start of the slice and
macroblock B(i, j, n), and then we have

L@, j.n) =L + IZXS(X, y,n). (7)

x=0 y=0

If one or more errors occur in this slice before
the macroblock B(i, j, n), the probability of this
condition can be defined as follows (Liao and Vil-
lasenor, 2000):

PGi-1jn)=1-(-per) ™" (8)

where pger denotes the BER of the wireless channel.
Set B(ie, je, N) to be the last macroblock of the slice,
and the distribution of bit errors for the macroblock is
independent of each other. Then the probability that
bit errors occur at macroblock B(i, j, n) can be given
by
. S@,j,n) . .
P, j,n)=——"""=P(,, j..n
mb( J ) L(le,Je,n) ( J )
S(i,j,n) L(ig, je,n)
=——"J1-(1- i
L(ie’je,n)[ (- Peer) ]

©)

From Eq.(9), it can be seen that the bit error
probability of macroblock B(i, j, n) can be described
by the bitstream size of the macroblock and the BER
of the channel. Fig.3 shows the macroblock bit error
probability maps of the 54th frame of the Foreman
sequence (QCIF) and the 73rd frame of the Paris
sequence (CIF).

P

.
N

(b)

Fig.3 Bit error probability maps of the test sequences
(a) Foreman; (b) Paris

CSI for wireless video communications

Eq.(9) shows that the bit error probability of
macroblocks also depends on the CSI of the wireless
channel, such as BER. The CSI can be obtained from
the physical layer or dynamically measured through
the real-time control protocol (RTCP) while bringing
no delays into the transmission.

Wireless channels typically suffer from multi-
path and shadowing effects that lead to loss or era-
sure of bits and packets. Assuming the wireless
channel is a Rayleigh fading channel, we can esti-
mate it using the two-state Gilbert-Elliot’s Markov
model, as illustrated in Fig.4 (Gilbert, 1960): it is
assumed that the channel has a good state and a bad
state and the transition of the corresponding state is

H :F_ PP } where p represents the prob-
q 1-q

ability of good state changing to bad state, and q

represents the probability of bad state changing to

good state. This model was used in our experiments

to simulate the burst bit errors and packet loss in

wireless video communications.

1-p < ’ 1q

Fig.4 Two-state Gilbert model for wireless channel state
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SIMULATION AND DISCUSSION

Simulation setup

Some experiments have been carried out to
verify the performance of the proposed intra refresh
method. The Foreman (QCIF, 176x144) and Paris
(CIF, 352x288) test sequences were utilized and
encoded using H.264 reference software JM13.2.
The simulation was run by using 5000 coded pictures
with | frames every 100 pictures; the pictures were
encoded with 9 slices per | frame, 3 slices per P frame,
and no B frames. For the Foreman (QCIF) sequence,
64, 128, 192 and 256 kbps target bitrates were used.
For the Paris (CIF) sequence, 256, 512, 768 and 1024
kbps target bit-rates were used. At the decoder side,
the error concealment based on frame copy was used.
It can be enabled in the configuration file of IM13.2.

To simulate the burst bit errors in wireless
channels, a two-state Markov chain was used with
0.1 09
09 01

dB (Yajnik et al., 1999). When the video data were
transported over wireless channels, the bitstreams of
one slice were packed into one packet and all frames
were subjected to bit errors.

the state space H ={ } Peer=10""and 107

Simulation results

Simulations were carried out based on four
different intra refresh methods as follows:

(1) AIR: Adaptive Intra Refresh method sug-
gested in MPEG-4 (International Organization for

Standardization, 2001).

(2) PIR: Perceptual weight map based Intra
Refresh method.

(3) BIR: Bit error probability map based Intra
Refresh method.

(4) EIR: Our proposed network-aware priori-
tized Intra Refresh method based on Expected per-
ceptual distortion.

Fig.5 shows the four methods’ subjective results
of the 81st frame of the Foreman (QCIF) sequence
and the 571st frame of the Paris (CIF) sequence. It
can be observed that the subjective video quality of
the proposed intra refresh method is better than the
other three methods’ subjective video quality.

The peak signal-to-noise ratio (PSNR) of lu-
minance components was further used for the per-
formance comparison of the objective video quality.
Fig.6 shows the average PSNR of the whole frame
area of the Foreman (QCIF) and Paris (CIF) se-
quences encoded with four intra refresh methods
when the video data were transported over a no-error
channel. It is observed that the PSNR performances
of the AIR and PIR methods are better than those of
the BIR and proposed EIR methods. The reason is
that the AIR and PIR methods do not consider the
weight of the channel state and the macroblocks are
less frequently forced intra-mode coded than the BIR
and EIR methods. As a result, the coding efficiencies
of the AIR and PIR methods are higher and the video
qualities are also better than those of the BIR and EIR
methods when there is no bit error affecting the
transported video data.

(d)
Fig.5 Subijective results of the Foreman (QCIF) and Paris (CIF) sequences of the four methods
(a) AIR; (b) PIR; (c) BIR; (d) Proposed EIR
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Fig.6 Frame average PSNR of different intra refresh
methods over no-error channels. (a) Foreman; (b) Paris

In Figs.7 and 8, the whole frame and the atten-
tion area average PSNR performances of the four
methods for the Foreman (QCIF) and Paris (CIF)
sequences are shown when the video data are trans-
ported over wireless channels with bit errors.

It can be seen that the performances of the AIR
method are the worst in both the whole frame and the
attention areas. The reason is that this method does
not take the perceptual weight of the video content
and the channel state into account. It uses the same
intra refresh rate for all the regions of the frame and
ignores the changes of the channel state. Therefore,
in the AIR method, the macroblocks are forced intra-
mode coded in a fixed order, which cannot stop the
error propagation effectively. Thus, the effect of
error concealment degrades and the video quality
decreases.

It can be seen that the BIR method performs
better in the whole frame than the PIR method does
(Fig.7). It is also observed that the PIR method per-
forms better in the attention area than the BIR
method does (Fig.8). This is because the BIR method
considers the bit error probability of the whole frame
and the PIR emphasizes the priority of the attention
area.
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Fig.7 Frame average PSNR of different intra refresh
methods over wireless channels. (a) Foreman; (b) Paris
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Fig.8 Attention-area average PSNR of different intra
refresh methods over wireless channels. (a) Foreman;

(b) Paris
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Figs.7 and 8 also show that, compared with
other three methods, the proposed EIR method has an
obvious improvement in the PSNR performance
when the video data are transported over wireless
channels with bit errors. The improvement is espe-
cially significant in the attention areas. In the pro-
posed EIR method, macroblocks are adaptively
forced intra-mode coded according to the CSI. As a
result, the intra refresh rate is changed as the channel
state changes. What is more, the presented method
also takes the perceptual weight of the video content
into account, so it performs more effectively in the
attention areas. It also can be seen that the im-
provement of the Paris (CIF) sequence is not as sig-
nificant as that of the Foreman (QCIF) sequence. The
reason is that the Foreman (QCIF) sequence is very
intra-heavy to begin with, and the Paris (CIF) se-
guence has a large still region which is non-attention
area.

CONCLUSION

In this paper, we present a prioritized intra re-
fresh method based on expected perceptual distortion
for the wireless video communication. The proposed
expected perceptual distortion model considers both
the content of the video frame with the perceptual
weight based attention model and the bitstream size
based bit error probability map. The channel state
information is also taken into account. Experimental
results indicate that the proposed EIR method can
achieve better performance in both the subjective and
the objective video quality.

The future research may focus on (1) improving
the algorithm of the perceptual weight map for other
video applications and optimizing it to get a low
computation cost, and (2) studying other error-
resilient mechanisms such as ARQ and other FEC
methods based on the proposed expected perceptual
distortion model.
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