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A novel intra refresh scheme for wireless video transmission
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Abstract: The burst error of wireless channels and the two-state Markov wireless model are analyzed. Based
on this model and the coding modes of the video encoder, the channel distortion of inter-coding and intra-
coding due to burst error is deduced. Then we propose a novel intra refresh scheme in rate-distortion (R-D)
framework. This scheme optimizes the error resilience and coding efficiency of wireless video transmission
system. It can also stop error propagation and reduce channel distortion effectively. Simulations under
different channel conditions verify the improvements of the proposed scheme with respect to error resilience

for wireless video communication.
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Prevailing video coding standards such as MPEG-
4" and H.263 + employ motion estimation (ME)
and motion compensation (MC) to reduce temporal
redundancy, discrete cosine transform (DCT) to reduce
spatial redundancy, and variable length code (VLC) to
reduce statistic redundancy. These techniques lead to
error propagation and loss of synchronization in
wireless channels with burst errors. A variety of error
resilience tools have been proposed to combat wireless
transmission errors'. Intra refresh is an effective
scheme to stop error propagation by switching the
encoder from inter mode to intra mode and stopping
dependence on the reference frame. However, due to
its low compression efficiency, intra refresh should
not be employed frequently. The tradeoff between
compression efficiency and error resilient performance
of intra refresh techniques should be considered.

Basically there are three types of intra refresh
techniques. The first is the heuristic intra refresh
scheme**’. The heuristic techniques predefined the
number of intra coded macroblocks (MBs) and did not
take varying channel condition into account. The
second is the intra refresh approach based on error
tracking[é’”. The encoder reconstructed the error
distribution in the current frame via feedback
information from the decoder. Severely affected MBs
were selected to be intra coded. The error tracking
methods require complicated computation and a great
deal of memory. The last intra refresh approach
incorporates an intra refresh scheme into the R-D
framework and optimizes the overall performance.
Cote introduced channel error into an R-D framework
in Ref. [ 8]. Different error concealment schemes and
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corresponding methods to evaluate distortion due to
error-prone networks have been discussed in Refs. [ 9,
10]. However, Refs. [ 8 — 10 ] addressed on video
over wire channel with random errors and could not
be applied to fading wireless channel directly. Again,
the mismatch of packet loss rate of channel model and
actual channel loss rate was not considered.

In this paper, we propose a novel intra refresh
scheme in a wireless scenario. Though the feedback
channel wusually introduces additional delay and
complexity, the combination of source and channel
coding as well as the exploitation of feedback in the
video transmission system, might lead to significant
improvements in the overall system performance. In
our proposed intra refresh scheme, with the aids of
two-state Markov wireless channel model, feedback
channel introduces no additional delay. The proposed
scheme is standard compatible and appropriate to real-
time end-to-end wireless video communications.
Simulations show that the intra refresh scheme yields
significant video quality improvement for fading
wireless channel with burst errors.

1 Wireless Video Transmission Protocol and
Wireless Channel Model

Fig.1 is the block diagram of an end-to-end wire-
less video communication system with feedback. In re-
al time video service over wireless channels, two pro-
tocol stacks are of major interest. They are RTP/UDP/
IP'"" for IP-switched mobile service and ITU Recom-
mendation H. 324M'"?’ for circuit-switched channels.
We adopt RTP/UDP/IP protocol stack for wireless
video transmission. A typical RTP/UDP/IP packet
consists of header information for IP, UDP, RTP, and
RTP payload, as well as the payload of the com-
pressed video bit stream itself. The head information
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Fig.1 Wireless video transmission block diagram with intra/inter mode switch

of each packet is 40 bytes, in which 20 bytes for IP, 8
bytes for UDP and 12 bytes for RTP. RTCP is a
companion protocol with RTP, which designed to
provide quality of service (QoS) feedback to the
participants of an RTP session. RTCP keeps the total
control packets to 5% of the total session bandwidth.
Among the control packets, 25% are allocated to the
sender reports and 75% to the receiver reports“ﬂ.

In order to focus on the fading and bursting
nature, we adopt a two-state Markov model ™’ to
describe the RTP/UDP/IP packet loss property over
the wireless channel. There are two states in the
Markov model: a good state (S,) and a bad state (S,).
Video packets are transmitted undamaged in S, and
errors occur in state S;. S, and S, can switch to each

other, as shown in Fig.2. The state-transition
probability matrix is
1-P 01 P 01 ( 1 )
p 10 1-P 10

where P,,is the transition probability from S to S,
and P, vice versa. P, and P, can be calculated by
average burst length and packet error rate as in Ref.
[ 15]. Current channel states can be estimated through
matrix P and initial states, i.e.,

Ly atl=lmy P (2)
where 7¢, 775, 1), 7, are the channel state probabilities
of S, and S, at current time n and initial time n —d,

Py
Py

Fig.2 Two-state Marko model for fading wireless channel
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respectively. Here, the time period is normalized with
the time to transmit a video packet.

2  Proposed Intra Refresh Scheme

2.1 Analysis of channel distortion

Various error concealment techniques can be
applied at the decoder. If the encoder is aware of the
error concealment scheme at the decoder, it can
evaluate the distortion at the decoder. For the sake of
less complexity and real time communication, we
apply a simple but effective scheme error concealment
in the proposed scheme. Only intra and inter modes
are implemented at the encoder. If the decoder detects
that uncorrectable error(s) occurred in a packet, the
decoder simply copies the MBs at the same location of
the erroneous packet from the previous frame.

As shown in Fig. 1, let X! denote the original
pixel value of pixel ; in frame n; X’ and X' denote the
encoder reconstruction pixel value and the decoded
value of pixel ; in frame n at the decoder, respectively.
For the pixel of intra mode, if no error occurs during
the video transmission, X}, = X, Otherwise, X’ = X' |
So the expectation of distortions ' (1) in intra mode
is

(1) = | X, =X, || " =m | X, =X, | " +

m X, =X, = X, =X

IX =X 1P = X, =X, 1 +

md,_ (1) (3)
where 7, is the probability of channel states S, in the
two-state Markov model. Note that the result of (3) is
based on the assumption that the frame difference and
channel distortion are not correlated to each other.

For the pixel of inter mode, if no error occurs

2
I~ +
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during transmission, X\ =X’ | +2' , where X/ _, is the
reference pixel of X, and &' is the residual error after
MC and ME. If uncorrectable errors are detected at the
decoder, X! = X'

n-19

which is copied from previous
decoded frame. Thus the expectation of distortions
d; (P) in inter mode is
d,(P) = | X, =X, || " = || (X,
(X ve) |74 | X, =X =
mod,_, (1) +d, (1) (4)
where 77, and 7, are the probabilities of channel states

+é) -

S, and S, in the two-state Markov model, respectively.
It should be noted that the second component in the
result of (4) is the same as the distortion of intra
refresh in (3). Therefore, d' (P) is larger than d’ (1).
This is the reason why the encoder should implement
intra refresh scheme.

2.2 Feedback-based intra refresh scheme

In an error-free environment, given the distortion
of video is D, the transmission rate is R and the rate
constraint of the channel is R .. The goal of video

transmission system can be described as an
optimization problem:
min{ D! subject to R<R, (5)

The optimization in (5) can be converted to an
unconstrained problem via Lagrange multiplier A as

follows:

min{ J| J=D+AR (6)
In (6), the distortion is only from the quantization part
in Fig.1.

In the error prone wireless channel, the channel
distortion should be taken into account. We get
J= 3 X =X+ X (D) A ROD (T)
where M e (I, P). The first term in (7) represents the
quantization error, the second is the channel error and
the third is the bit rate weighted by the Lagrange
multiplier. Using the Lagrange multiplier A, 4. =0.85
QP’ has been proven to provide good R-D tradeoffs in
an error free channel as in Ref. [ 16 ], where QP is the
quantization parameter. We utilize the same value in
our scheme. Therefore, the optimal process of (7)
becomes straightforward computation. The task of
intra refresh is switching the encode mode that mini-
mizes J and optimizes the transmission performance.

mode

We further simplify the mode selection criterion
in (7). 7, and 77, can be assumed to be constant
during the transmission of one packet due to short
average bits in a packet. Let J__ be the Lagrange

intra

value of intra mode and J,__ be the inter mode, we get

intra

AJ =Jiwa = Jinea =
o EMBd'Lfl(I) + Amoae (R(P) =R(1)) =
7SSD(d),_, (1)) + X g AR (8)
where 7, and 7r, are channel states probabilities of S,
and S|, respectively; SSD(d/,_, (1)) is the sum of the
square distortion of the reference pixels in frame n —
1; AR stands for the bit rate difference of inter and
intra mode and can be precisely calculated at the
encoder. Before the current MB is encoded, we
calculate AJ via (8). If AJ >0, the current MB should
be intra refreshed. Note that if SSD(d&, (1)) is
significant, AJ >0 will hold and intra refresh will be
implemented. Therefore the error propagation can be
eliminated effectively.

As mentioned before, the feedback mechanism is
widely used in wireless video communication. In the
proposed scheme, if the compressed packets
transmitted from the video encoder in one frame
cannot be decoded successfully, a negative
acknowledgement (NAK) packet is formed and
transmitted to the encoder, as the dashed line in Fig.1.
The NAK packet contains the temporal and spatial
information of the corrupted MBs. The encoder
evaluates the packet loss rate from the NAK packet
via QoS mechanism. We assume that the feedback
channel is error free, i.e., the feedback packets can
arrive at the encoder properly. This assumption is
reasonable because the feedback packet usually
contains a small amount of bits and can be applied
enough protection.

When the encoder processes the MBs of the n-th
packet, the feedback information of packet n - d,
NAK, _,, arrives at the encoder due to the feedback
delay, where d is the so-called round trip delay (RTD).
From NAK, _,, the encoder can obtain SSD(d,_, (1))
as well as the channel state at time n — d. In order to
decide whether an MB at time n requires to be intra
refreshed, 77, , a7, at time n and SSD(d’, , (1)) at time
n —1 must be available. However, NAK, _, and NAK,
cannot arrive at the encoder due to round trip delay.
The actual values of #,, &, at time n and
SSD(d,_,(I)) at time n —1 are not available. Let the
channel state at time n —d as the initial channel state,
we can predict the channel states at time n —d +1 to n
according to (2). Also, from (3) and (4),
SSD(d,_, (1)) is dependent on the distortion in frame
n—-2; SSD(d _,(1)) is dependent on the distortion
frame n -3, and so on. Therefore, SSD(d, ,(I)) can
be calculated from the exact value SSD(d, , (1))
according to (3) and (4). Due to the continuous update
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of initial states of the wireless model and the initial
distortion information of video packet by NAK
packets, errors accumulated by the two-state Markov
wireless model mismatch can be reduced.

3 Simulation Results

To verify the improvement of our feedback-based
intra refresh scheme, simulations were performed for
different video sequences under two different channel
conditions as in (9). The code was modified from
TMNI10 developed by UBC Image Processing
Laboratory. No option mode was used in simulations.
TMNS rate control was used to obtain 64 kbit/s target
bit rate. The test sequences in our experiments were
4:2:0 YUV format at QCIF (176 x 144) resolution.
The test sequences were “ Miss America’  and
“Foreman”. The former was a sequence with average
motion and the later with heavy motion as well as
background change. The original frame rate was 30
frame/s. Two out of three consecutive frames were
skipped and the resulting frame rate was 10 frame/s.

0.987 0.013 0.988 0.012
P, = [0. 250 0. 750]’ P, = [0. 111 0. 889] ©)

The MBs in the same row composed a group of
block (GOB). Each GOB is transmitted in one RTP/
UDP/IP packet. We generated error pattern files ac-
cording to the channel parameters in (9) to simulate
the error patterns of wireless channel. The RTP pack-
ets were corrupted via the generated error pattern files

and then decoded. The feedback information can also
be achieved from the error pattern files according to
different RTDs. We also encoded the test sequence
without the feedback information from the error
pattern files as well as in error free conditions for
comparison.

Fig.3 shows the subjective improvements of the
proposed intra refreshed scheme. Figs.3(a) and (b) are
the decoded 94th and 95th frames of sequence
“ Foreman ”  without feedback from decoder to
encoder. Figs. 3 (¢) and (d) are the corresponding
decoded frames of the proposed scheme. It is clear
that the reconstructed picture quality of the proposed
scheme is more acceptable. Experiments with sequence
“Miss America” obtained the same results.

The frame-by-frame peak signal noise ratio
(PSNR) of the first 150 original frames of “ Miss
America” and 150 frames (starting from frame 100 of
original sequence) of “Foreman” under condition of
P, with feedback delay 300 ms is shown in Fig.4. The
results of P,and other delay conditions yielded similar
results. Because the proposed scheme can get the error
information in past frames after round trip time and
predicts the distortion that might occur in the current
frame via the feedback information and wireless
channel model, it can recover the PSNR more rapidly
in both sequences. Higher average PSNR is also
achieved via the feedback information.

() T )
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Fig.3 Decoded frames of “Foreman” at 64 kbit/s. (a) and (b) are the 94th and 95th frames without feedback; (c) and (d) are the

94th and 95th frame of proposed intra refreshed scheme, respectively
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4 Conclusion

To combat fading wireless channel errors, we
have proposed a more reliable intra refresh scheme,
which can be applied in real time end-to-end wireless
video communication. The two-state Markov model is
adopted to simulate the fading wireless channel. The
channel distortion is deduced based on the channel
model and error concealment scheme. Then the
optimized intra refreshed scheme can be decided in
the R-D framework. Feedback information is utilized
to reduce the channel model mismatch. Simulations
demonstrate the improvement of the proposed scheme.
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