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PAPER

New Error Resilience Technique Using Adaptive FMO and Intra
Refresh for H.264 Video Transmission

Tien HUU VU†, Nonmember, Supavadee ARAMVITH†a), Member, and Yoshikazu MIYANAGA††, Fellow

SUMMARY In this paper, we propose an error resilience scheme for
wireless video coding based on adaptive flexible macroblock ordering
(FMO) and intra refresh. An FMO explicit map is generated frame-by-
frame by using prior information. This information involves estimated lo-
cations of guard and burst sections in the channel and estimated effect of
error propagation (EEP) from the previous frame to the current frame. In
addition, the role of the current frame in propagating an error to the next
frame is also considered. A suitable intra refresh rate which is adaptive to
the channel state is used to reduce the dependence between frames and thus
can stop the EEP. The results in experiments show that the proposed method
gains some improvements in terms of peak signal-to-noise rate (PSNR) as
compared with some other methods that have not considered the channel
condition and the error propagation in generating an FMO map.
key words: H.264, FMO, error propagation, intra refresh, error resilience

1. Introduction

As a new tool of H.264/AVC, the FMO scheme [1] enables
an image to be divided into regions called slice groups. Each
slice group can be divided into several slices and a slice can
also be decoded independently. An identification number
for each macroblock (MB) is given by a macroblock alloca-
tion map (MBAmap) to specify which slice group that MB
belongs to. The number of slice groups is limited to 8 for
each picture to avoid complex allocation schemes. A suit-
able MBAmap disperses the important MBs into some slice
groups. Because of independence between slice groups, if
a slice group is lost during transmission, the important MBs
in the other slice groups are not affected.

There are seven types of FMO map in which six types
are default and a type called explicit type is defined by users.
Although the explicit type comes with a higher overhead
cost. It helps spread out burst errors and can result in reduc-
ing the number of error MBs in a frame while incurring the
same amount of overhead bits as the method using forward
error correction code (FEC). In addition, the explicit type is
more flexible in generating the FMO map comparing to the
other FMO types. Thus the explicit type is used in this work.

To design slice group maps, previous approaches use
an indicator to evaluate the importance of an MB. These in-
dicators can be bit-count [2], distortion-from-error conceal-
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ment [3], MB impact factor [4] or spatial temporal indicator
[5]. After that, the MBs are sorted in descending order of
importance and arranged consequently to 8 slice groups. As
another approach to generate an FMO map, the MBs firstly
are divided into two slice groups as type 1 of an FMO map.
Then these slice groups are split further into smaller slice
groups according to the impact factor of the MBs [6]. By
dispersing the important MBs, the number of lost MBs is
reduced. However, the important MBs are not thoroughly
protected from the errors. Because of variable length cod-
ing, if an MB is lost, the following important MBs in the
same slice group are also affected. Therefore, using only the
FMO is not enough to reduce the number of lost important
MBs.

In [3], a channel state is considered in order to com-
bine with the FMO. If a channel state is bad, the FMO and
interleaving are used. In [7], redundant slices are added de-
pending on the characteristic of the wireless channel. In this
method, the ROI slices are transmitted during good state of
the channel. During bad state, redundant slices are transmit-
ted. Nevertheless even in the good state, there may be some
errors in the channel. Thus, the important MBs in good state
may still be affected by error. Furthermore, by adding re-
dundant slices, compression efficiency of video codec is re-
duced.

When transmitting video signals over error-prone chan-
nels like wireless channels, beside the error caused by the
transmission channel, the error propagated between frames
is also taken into account. To stop the error propagation, in-
tra refresh algorithm is used. However, selecting a suitable
intra refresh rate is a problem that needs to be considered.
The intra MBs can effectively stop the error propagation,
but the number of intra MBs in a frame is limited by target
bit rate. Because of bit-consuming in intra mode, a coarser
quantization process is used to achieve a given target bit rate.
This results in the degradation of video quality. Moreover,
with a limited target bit rate allocated for a group of pictures
(GOP), the frame having too many intra MBs consumes a
large number of target bits and thus affects to the target bit
of the next frames in the same GOP [8]. Thus, it is neces-
sary to balance the benefit of reducing effect of error prop-
agation and the drawback of using a number of intra coded
MBs in a frame. In [9], a fixed number of MBs having high-
est distortion in the current frame are coded in intra mode.
In addition, there have been some researches based on joint
source-channel rate-distortion optimization to decide intra
refresh rate [10]–[13]. In these methods, the relationship
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Fig. 1 Video streaming application over wireless channel.

between end-to-end distortion and intra refresh rate is es-
tablished. Then, the encoder has to try all coding modes for
each MB to choose a suitable intra refresh rate to achieve
minimum distortion.

In this work, the proposed scheme is applied for the
video streaming applications such as video-on-demand and
video news archive. In these applications, the video se-
quences are encoded in advance to extract motion vector and
bit-count of MBs in every frame of video sequences. These
parameters are stored in a database. When an end-user re-
quests a video sequence, the encoder retrieves the requested
raw video sequence and appropriate data from a database,
as shown in Fig. 1.

The main contribution of our work is to propose an er-
ror resilience framework considering channel prediction to
generate an adaptive FMO map and adopting a suitable in-
tra refresh rate for H.264 video transmission. Initially, a
three-state Markov model is used to locate the error bursts
of channel. Then, a technique is introduced to evaluate the
importance of MBs based on the error propagation between
frames. Finally, an explicit FMO map of the current frame
is generated as the rule: The MBs with low importance are
arranged in slice groups which are transmitted in the error
burst sections and the MBs with high importance are ar-
ranged in slice groups which are transmitted in the error-
free sections. Furthermore, based on the estimated channel
state, a suitable intra refresh rate is computed to stop error
propagation.

This paper is organized as follows. Three-state Markov
model and a method proposed to locate burst and guard sec-
tions are introduced in Sect. 2. Section 3 introduces the
method to generate an explicit FMO map. Section 4 shows
simulation results and discussions. Finally, conclusions are
given in Sect. 5.

2. Locating Burst and Guard Sections over Wireless
Channel

2.1 Three-State Markov Model [14], [15]

There are many different methods used to model the wireless
channel. In [16], channel is modeled by two-state Markov
model whose transition probabilities are functions of the
channel characteristic. However, using two-state model is
inadequate in locating guard and burst sections of chan-
nel. As an extension of two-state model, finite-state Markov
model is analyzed in [17]. The authors indicated that the
higher state of Markov model is used, the more accurate
in capturing the error burst nature of channel. In addition,

Fig. 2 Packet sequence for an error channel.

Fig. 3 Three-state Markov model.

the complexity level of model is directly proportional to the
number of states in Markov model. With the limitation of
two-state model and the cost in computing of higher state
models, three-state Markov model is selected to estimate
channel state.

In this section, three-state Markov model in [14] and
[15] is introduced. However, instead of using model at bit
level, we apply three-state Markov model at packet level to
estimate the position of the error bursts in wireless channel.
Figure 2 shows an example of a packet sequence in an error
channel. Similarly to [14] and [15], we define the follow-
ing definitions at packet level. A guard section is defined
as a duration in which all packets are error-free. A burst
section is defined as a duration sandwiched between guard
sections. From now on, the section means guard or burst
section. Minimum guard length is the minimum number of
error-free packets a guard section should have. In this sys-
tem, the minimum guard length is chosen to be 30 packets
for computing the transition probability. Thus, each guard
section is longer than or equals to 30 consecutive error-free
packets. The run length is defined as the length from an er-
ror packet to the next error packet excluding the first error
packet. The first return probability P(i) is defined as the oc-
currence probability of each run length i. Figure 3 shows the
transition probabilities of a three-state Markov model where
C1 and C2 show the error-free states which are state 1 and
state 2, and E shows the error state which is state 3. C1

shows the error-free state in a guard section while C2 and E
show the error-free and the error state in a burst section. pnm

is the probability of transition from state n to state m. pi−2
nn

is the probability of the case in which there are (i − 2) con-
secutive transitions from state n to state n. The first return
probabilities are computed by

P(1)= p(E/E) = p33

P(2)= p(C1, E/E) + p(C2, E/E)
= p31 p13 + p32 p23

· · ·
P(i) = p(C1, . . . ,C1, E/E) + p(C2, . . . ,C2, E/E)
= p31 pi−2

11 p13 + p32 pi−2
22 p23

(1)
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where p(α/β) means that β is the first state and then the se-
quence of α occurs. The transition probabilities are com-
puted by

p33 = P(1)

p32 =

Lmin∑
i=2

P(i)

p23 =
p32

Lmin∑
i=2

(i − 1)P(i)

p31 = 1 − p33 − p32

p13 =
1

∞∑
i=Lmin+1

(i − 1)P(i)
p31

− Lmin

p22 = 1 − p23

p11 = 1 − p13

(2)

where Lmin is the minimum guard length. According to [14],
the average guard length, LG, and average burst length, LB,
are computed as

LG = Lmin +
1

p13

LB =

p31

p13
+

p32

p23
+ 1

p31 pLmin−1
11

−
(
1 +

1
p13

) (3)

2.2 Proposed Method to Locate the Error Burst Positions

Assume that before encoding the current frame (n), the en-
coder receives channel feedback information containing po-
sition of error packets of frame (n − 2). In this work, a
roundtrip delay of less than 100 ms is assumed enabling
the feedback delay of one frame. Because of the error
propagation, the longer feedback delay affects the decrease
in the PSNR value. In fact, the average PSNR drop due
to higher value of feedback delay for slow fading case is
around 0.6 dB while for the fast fading case is 0.1 dB when
feedback delay is varied experimentally with values from 1
to 4 frames. Thus, one frame for feedback delay is selected
in the system.

Based on feedback information, the encoder uses
Eq. (3) to estimate values LG and LB of channel. Then val-
ues of LG and LB are updated when the encoder receives the
next feedback information. To estimate the location of the
first burst or guard section in frame (n− 1), the encoder uses
feedback information to locate burst and guard sections in
frame (n − 2). If a border between frame (n − 2) and frame
(n − 1) is in a guard section (as shown in Fig. 4), distance
from the last burst in frames (n−2) to the first burst in frame
(n − 1) is LG packets. Otherwise, if the border is in a burst
section, the distance from the last guard in frame (n − 2) to
the first guard in frame (n − 1) is LB packets. The next sec-
tions in frame (n − 1) and frame (n) are estimated from the
position of the first section in frame (n − 1).

Fig. 4 Locating burst and guard section for the current frame.

Fig. 5 Error patterns of wireless channel simulator in slow fading at
different bit rates.

Fig. 6 Estimated burst locations of wireless channel for the Akiyo
sequence in slow fading, bitrate = 64 kbps.

Table 1 Percentage difference (Pd) between estimated and actual
locations of burst sections.

Akiyo Foreman Claire Carphone
Bitrate Slow Fast Slow Fast Slow Fast Slow Fast
32 kbps 5.7 8.0 5.6 10.5 5.5 6.8 5.1 8.7
64 kbps 5.3 7.8 4.5 9.0 4.4 4.6 5.5 7.0

128 kbps 5.9 11.2 4.2 7.8 4.8 7.7 4.9 6.8
256 kbps 5.5 7.8 4.6 7.9 4.2 7.9 4.4 7.9

In this work, to validate the accuracy in locating burst
sections of wireless channel, the estimated burst locations
are compared with the actual burst locations of wireless
channel which are generated from wireless channel simu-
lator [18]. Figure 5 shows actual burst locations of wireless
channel at different bit rates. Figure 6 illustrates an example
of estimated burst locations when transmitting 100 frames
of the “Akiyo” sequence over slow fading channel at bit rate
of 64 kbps.

Table 1 shows the percentage difference of four video
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sequences “Akiyo”, “Foreman”, “Claire” and “Carphone” in
both slow and fast fading cases. The percentage difference
is calculated by

Pd =
e
T
.100% (4)

where Pd is the percentage difference. e is the number of
errors in estimation. T is total number of packet of a video
sequence.

3. Adaptive Explicit FMO Map Generation

In this section, the importance of an MB is estimated from
distortion caused by the error propagation. After that, an ex-
plicit FMO map of the current frame is generated by map-
ping the high important MBs and the low important MBs
into slice groups which are transmitted in guard and burst
sections respectively.

3.1 The Estimation of MB Importance

To estimate the importance for an MB in the current frame,
firstly, we estimate the distortion at that MB caused by er-
ror MBs in the past frame. Secondly, we measure the EEP
caused by that MB to the next frame. The sum of distor-
tion and the EEP are considered as the importance of that
MB. This importance and the estimated burst locations are
taken into account to generate an FMO map and to decide
inter/intra coding mode for that MB.

Figure 7 describes the error propagation from the past
frame (n − 2) to the current frame (n) and to the next frame
(n + 1).

Step 1: Compute the distortion at the frame (n − 1)
caused by an error pixel in the frame (n − 2):
Assume that a pixel j in the frame (n − 1) refers to a pixel s
in the frame (n − 2).

If the pixel s in the frame (n − 2) is error, the decoder
will copy the pixel s of the frame (n − 3) while assuming
that the non-motion compensated error concealment method
is used. Therefore, the distortion at the pixel j in the frame
(n − 1), D(s, j, n − 1), is computed as

if j is inter coded:

D(s, j, n − 1) =
∣∣∣∣∣∣∣ f ( j, n − 1) − f (s, n − 2)

∣∣∣
− ∣∣∣ f ( j, n − 1) − f (s, n − 3)

∣∣∣∣∣∣∣
if j is intra coded:

D(s, j, n − 1) = 0

(5)

where f (x, y) is reconstructed value of the pixel xth in the
frame yth.

Fig. 7 Error propagation from the past frame to the next frame.

If the pixel s in the frame (n − 2) is error-free, the dis-
tortion at the pixel j in the frame (n − 1) is computed in
Eq. (6).

D(s, j, n − 1) = 0 (6)

Step 2: Compute distortion at the frame (n) caused by
an error pixel in the frame (n − 2):
Assume that the pixel i in the frame (n) refers to the pixel j
in the frame (n − 1).

If the pixel j is inter coded, the distortion at the pixel i
is computed as:

if j is error:

D( j, i, n) =
∣∣∣∣∣∣∣ f (i, n) − f ( j, n − 1)

∣∣∣
−

∣∣∣ f (i, n) − f ( j, n − 2)
∣∣∣∣∣∣∣

if j is error-free:
D( j, i, n) = D(s, j, n − 1)

(7)

In conclusion, in the case pixel j is inter coded, the
distortion at the pixel i is computed as

D( j, i, n) = q( j)
∣∣∣∣∣∣∣ f (i, n) − f ( j, n − 1)

∣∣∣ − ∣∣∣ f (i, n)

− f ( j, n − 2)
∣∣∣∣∣∣∣ + (1 − q( j))D(s, j, n − 1)

(8)

where q( j) is error probability of pixel j. The q( j) depends
on the error probability of packets and the length in packets
of the MB containing pixel j.

If the pixel j is intra coded, the distortion at the pixel i
is computed as

if j is error:

D( j, i, n) =
∣∣∣∣∣∣∣ f (i, n) − f ( j, n − 1)

∣∣∣
− ∣∣∣ f (i, n) − f ( j, n − 2)

∣∣∣∣∣∣∣
if j is error-free:

D( j, i, n) = 0

(9)

In conclusion, in the case j is intra coded, the distortion
at pixel i is computed as shown in Eq. (10).

D( j, i, n) = q( j)
∣∣∣∣∣∣∣ f (i, n) − f ( j, n − 1)

∣∣∣
− ∣∣∣ f (i, n) − f ( j, n − 2)

∣∣∣∣∣∣∣ (10)

Step 3: Compute the EEP at the frame (n + 1) caused
by pixel i in the frame (n):
To compute the EEP from the past frame to the next frame
through the current frame, all MBs in the current frame are
coded in inter mode in the first pass. Assume that the pixel i
in the current frame is referred by a pixel k in the next frame.
The distortion caused by error propagation for the pixel k is
computed by

D(i, k, n + 1) = q(i)
∣∣∣∣∣∣∣ f (k, n + 1) − f (i, n)

∣∣∣
− ∣∣∣ f (k, n + 1) − f (i, n − 1)

∣∣∣∣∣∣∣
+ (1 − q(i))D( j, i, n)

(11)

where D( j, i, n) is computed as shown in Eq. (8) or Eq. (10)



HUU VU et al.: NEW ERROR RESILIENCE TECHNIQUE USING ADAPTIVE FMO AND INTRA REFRESH FOR H.264 VIDEO TRANSMISSION
1651

depending on coding mode of the pixel j. The overall dis-
tortion propagated from pixel i in the current frame (n) to
the next frame (n + 1) is computed as

I(i, n) =
∑
k∈{N}

D(i, k, n + 1) (12)

where N is the number of pixels in the frame (n + 1) which
refer to the pixel i in the current frame (n).

Step 4: Estimate the importance of an MB in the cur-
rent frame:
The importance of the lth MB in the current frame is com-
puted as

Dl(n) =
M∑

i, j=1

D( j, i, n) +
M∑

i=1

I(i, n) (13)

where D( j, i, n) is computed in Eq. (8) or Eq. (10). I(i, n) is
computed in Eq. (12). M is the number of pixels in an MB.
In this case, M = 256.

3.2 Adaptive Explicit FMO Map Generation

Based on the importance and the bit-count derived in the first
pass, the MBs are arranged into slice groups of an FMO map
according to the following criteria:

• The MBs considered as high importance (computed by
Eq. (13)) are arranged into the slice groups which are
transmitted in the guard sections of channel. The other
MBs are arranged into the slice groups which are trans-
mitted in the burst sections.
• The total number of packets of the MBs in the slice

groups equals to the length in packet of burst or guard
section in the channel over which those slice groups are
transmitted.

Figure 8 illustrates the estimated burst locations of
channel before encoding the frame 29th in the “Akiyo” se-
quence. As the estimation, the length in packet of frame
is 34. In this duration of channel, there are two burst and
two guard sections. Based on the bit-count and the impor-
tance of MBs, the encoder arranges the MBs in such a way
that the highest important MBs are encoded and transmitted
in the first guard section. The next are low important MBs
which are transmitted in the first burst section. The second
guard section contains the next high important MBs and the
second burst section contains the rest of MBs of the current
frame. The order of encoding and transmission of the MBs
are shown in Fig. 8. Note that in a slice group, the encoding
order is sorted in ascending order of the MB identification.
As the result, a slice map for the frame 29th is generated as
shown in Fig. 9.

Because of using variable length codes (VLC) in the
entropy coding, the decoder relies on the length of previ-
ously decoded symbols to be able to decode the current sym-
bol. Hence, an error MB can cause errors in the rest of MBs
in the slice group. To reduce the effect of error propagation
in a slice group, the MBs in each section are separated into

Fig. 8 Estimated burst locations for frame 29th Akiyo sequence.

Fig. 9 Explicit FMO map of frame 29th Akiyo sequence.

some slice groups. The number of slice groups in a section,
Nslg, is computed by

Nslg =

⌈
Nmb

γ

⌉
(14)

where �z� is the smallest integer not less than z. Nmb is the
number of MBs selected to be filled in a burst or a guard sec-
tion. For the QCIF frames, to guarantee 99 MBs are fairly
distributed in 8 slice groups, the number of MBs in a slice
group, γ, is selected to be 13. As shown in Fig. 9, the num-
ber of MBs in the first guard section is 19. Therefore, the
MBs in this section are mapped into two slice groups in-
cluding the MBs from 32 to 96 and from 44 to 97.

In the guard section, the MBs having high importance
are coded in intra mode. The number of intra MBs, Nintra, is
computed as

Nintra = λNslg (15)

To balance the compression efficiency and the effect of
error propagation, λ is empirically selected to 2. Further-
more, these intra MBs are dispersed into slice groups to re-
duce the number of lost intra MBs in case channel prediction
is not precise. In the frame 29th, with each slice group in the
guard section, the encoder selects two MBs having highest
importance for intra coding mode. Thus, there are eight in-
tra MBs in two guard sections of the frame. According to
Eq. (15), the number of intra MBs in frames varies from 0 (if
there is no guard section in transmission duration of frame)
to 16 (if the whole frame is transmitted in a guard section).

4. Simulation Results and Discussions

4.1 Experimental Set-Up

In the study, wireless channels are simulated for video trans-
mission using 2-ray Rayleigh Fading channel [19]. The
block diagram of the wireless channel simulator and the sys-
tem parameters are shown in Fig. 10 and Table 2, respec-
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Fig. 10 Block diagram of wireless video transmission system.

Table 2 Wireless channel and air interface parameters [18].

Multiple access TDMA
Modulation QPSK
Channel rate 32, 64, 128, 256 kbps

Maximum Doppler frequency 1 Hz (slow fading), 40 Hz (fast fading)
Transmitted signal power 15 dB

Time delay spread 1
4 of symbol perriod

Power delay profile 2-ray with equal power
Antenna diversity 1

tively. One important wireless channel simulator’s parame-
ter is Doppler frequency. In our study, we are interested to
test our technique in both slow fading channel, i.e., Doppler
frequency = 1 Hz, and fast fading channel, i.e., Doppler fre-
quency = 40 Hz. We used H.264 reference software JM
9.2 [20] with baseline profile in simulation. The video se-
quences in the QCIF format (176 × 144 pixels/frame) are
coded at 32, 64, 128, and 256 kbps with frame rates of 10,
20, and 30 fps. The following video sequences are used in
the experiment: Akiyo, Foreman, Claire, and Carphone. At
the decoder, the non-motion compensated error concealment
is used.

4.2 Simulation Results

In this experiment, to evaluate the efficiency of using the
EEP as an indicator for the FMO as well as the effectiveness
of channel prediction, the proposed method using channel
prediction (CP) and without channel prediction (no CP) are
compared with some other methods using different indica-
tors, including bit-count [2] and spatial-temporal indicator
(STI) [5]. In the no CP method, the step of estimating the
locations of bursts and guards section in channel is skipped.
To generating an explicit FMO map, the MBs in a frame
are arranged consequently into slice group according to the
EEP values. Moreover, to validate the method of select-
ing the MBs to be intra coded and computing intra refresh
rate, the proposed method is compared with methods using
fix intra refresh rate (FIR) [9] and random intra refresh rate
(RIR) [20]. In comparisons, we use both subjective and ob-
jective measures. For objective measure, the PSNR is used
as the performance metric in quantifying the effectiveness
of methods.

Tables 3 and 4 show the average PSNR of video se-
quences in the scenario of slow and fast fading channels.
The simulation results show that the proposed method with-
out intra refresh and channel prediction (no IR + no CP)
gains a higher average PSNR than the conventional meth-
ods. Especially, if compared with the method without the

Table 3 Comparison of the average PSNR (dB) at 64 kbps, 10 fps.

PSNR (dB) Akiyo Foreman Claire Carphone
Slow Fast Slow Fast Slow Fast Slow Fast

No FMO 30.6 26.2 19.1 17.2 26.9 24.6 23.4 20.7
Bit-count 34.5 30.6 23.3 19.4 30.6 27.6 25.6 22.8
STI-FMO 33.8 31.8 22.6 21.5 31.8 29.4 24.9 23.3

Proposed method 34.7 32.5 23.6 21.3 33.1 29.0 25.1 24.5
(no IR + no CP)
Proposed method 35.3 33.3 24.1 20.2 33.7 30.6 27.2 25.7

(no IR + CP)

Table 4 Comparison of the average PSNR (dB) at 256 kbps, 30 fps.

PSNR (dB) Akiyo Foreman Claire Carphone
Slow Fast Slow Fast Slow Fast Slow Fast

No FMO 31.0 27.9 22.2 20.3 27.7 26.2 25.8 22.6
Bit-count 34.0 32.4 24.4 22.4 33.3 31.5 26.0 24.6
STI-FMO 34.1 33.0 25.1 24.4 3 3.5 32.2 26.6 24.7

Proposed method 35.8 33.3 25.2 23.2 34.0 31.0 27.2 25.7
(no IR + no CP)
Proposed method 36.5 34.2 25.4 23.5 34.5 31.4 29.2 25.9

(no IR + CP)

FMO, the improvement of the average PSNR is up to 7 dB.
However, in some cases, the PSNR of the new method is
lower. This is because the quality of measurements of video
in terms of the PSNR depends solely on the locations of the
error bits as well as the error concealment method applied.
In this experiment, simple non-motion compensated error
concealment is used, therefore we expect that the higher
PSNR improvement can be achieved if more sophisticated
technique of error concealment is used in further study. Re-
sults show that the average PSNR is improved when chan-
nel prediction is applied to the proposed method (no IR +
CP). This is because the number of lost important MBs is
reduced when the locations of burst and guard sections are
estimated. However, in the fast fading case, the improve-
ment does not significantly increase in comparison with the
case without channel prediction. The reason is that channel
prediction algorithm is more precise in the slow fading case.
In the fast fading case, there are more errors in locating burst
and guard sections. Therefore, the number of lost important
MBs in the fast fading case is higher than that of the slow
fading case.

Figures 11 and 12 show the PSNR curve of the “Car-
phone” test sequence in the slow and fast fading case, re-
spectively. From the curves, it can be observed that the aver-
age PSNR of the proposed method is higher than the others.
This improvement is achieved by using an accurate method
in stopping the effect of error propagation. Furthermore, by
estimating locations of burst and guard sections, the impor-
tant MBs are put in the error-free sections, thus the number
of lost important MBs is reduced. Consequently, the PSNR
of the new method is increased.

Tables 5 and 6 show the average PSNR of video se-
quences when comparing the proposed method using adap-
tive intra refresh rate with other methods using fix and ran-
dom intra refresh rate. In the first case, the proposed method
uses a fix intra refresh rate without channel prediction (FIR
+ no CP). The fix intra refresh rate is 11 MBs per frame. The
results show that with considering effect of error propaga-
tion from the current frame to the next frame, the proposed
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Fig. 11 PSNR comparison of “Carphone” in slow fading, 128 kbps,
20 fps.

Fig. 12 PSNR comparison of “Carphone” in fast fading, 128 kbps,
20 fps.

Table 5 Comparison of the Average PSNR (dB) at 64 kbps, 10 fps.

PSNR (dB) Akiyo Foreman Claire Carphone
Slow Fast Slow Fast Slow Fast Slow Fast

RIR 33.2 31.4 21.2 19.3 31.8 29.9 25.8 22.6
FIR 34.9 31.1 21.0 20.0 32.2 29.1 26.8 25.0

Proposed method 34.5 31.9 22.6 21.2 32.4 29.7 27.3 24.2
(FIR + no CP)

Proposed method 35.8 33.6 24.2 22.1 33.4 32.0 28.3 26.6
(AIR + CP)

Table 6 Comparison of the Average PSNR (dB) at 256 kbps,
30 fps.

PSNR (dB) Akiyo Foreman Claire Carphone
Slow Fast Slow Fast Slow Fast Slow Fast

RIR 34.7 33.8 22.5 21.5 32.4 31.4 26.9 22.9
FIR 35.0 34.4 24.4 23.5 33.0 32.6 27 26.3

Proposed method 33.5 33.4 24.4 22.0 32.3 33.2 29.5 26.5
(FIR + no CP)

Proposed method 36.9 34.5 25.6 22.7 34.8 33.0 30.6 28.2
(AIR + CP)

method has higher the average PSNR than the FIR method
used in [9]. In [9], only the errors propagated from the previ-
ous frame to the current frame are taken into account. Con-
sequently, some MBs in the current frame are skipped in
evaluating importance because these MBs may be not much
affected by error propagation from the past frame. However,
these MBs may cause a high distortion for the next frame.
Therefore, it is necessary to consider both effects of error
propagation from the previous frame to the current frame
and from the current frame to the next frame. In the second
case, the proposed method uses an adaptive intra refresh rate
with consideration of channel prediction (AIR + CP). By lo-
cating the burst and guard sections, the number of lost intra

Fig. 13 PSNR comparison of “Carphone” in slow fading, 128 kbps,
20 fps.

Fig. 14 PSNR comparison of “Carphone” in fast fading, 128 kbps,
20 fps.

Fig. 15 PSNR comparison of “Carphone” in slow fading, frame rate =
20 fps.

Fig. 16 PSNR comparison of “Carphone” in fast fading, frame rate =
20 fps.

MBs is smaller than that of the other methods. Thus, aver-
age PSNR of the proposed method is higher.

Figures 13 and 14 show the PSNR curve of methods
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Fig. 17 Visual comparision of frame 49th of “Carphone” sequence
between methods in slow and fast fading.

using “Carphone” video sequence in slow and fast fading.
In the slow fading case, because of channel prediction and
adaptive intra refresh rate, the PSNR curve of the proposed
method is higher than that of “RIR” and “FIR”. Since chan-
nel prediction is less precise in the fast fading, the average
PSNR of “AIR + CP” is lower than “FIR + no CP” from
the frame 71 to the frame 100 (Fig. 14). However, the re-
sults in Table 5 and Table 6 show that the average PSNR of
“AIR + CP” is still higher than the other methods. Compar-
isons between the proposed method with “FIR” and “RIR”
at different bit rates are shown in Figs. 15 and 16.

To further illustrate improvement of the proposed
method, some frames from the “Carphone” test sequence
are extracted for comparison. Figure 17 depicts qualities
of original 49th frame of the “Carphone” sequence and the
reconstructed frames from four different methods including
“RIR”, “FIR”, “FIR + no CP” and “AIR + CP” in the slow
and fast fading. It can be subjectively seen that the frame
quality in “RIR” is severely affected by error. However,
in the proposed method, this error can be substantially im-
proved by using intra refresh and channel prediction. In our
experimental condition with a normal PC system such as
Pentium Dual-Core 1.86 GHz, Windows 7 Ultimate, 1 GB
RAM, the proposed method requires a little longer process-
ing time comparing with standard H.264. However, these
additional processing time can be covered by using currently
DSP and ASIC based systems.

5. Conclusions

In this paper, the three-state Markov model is used to esti-
mate the locations of burst and guard sections in channel. In
addition, the importance of MB is measured based on the ef-
fect of error propagation. With the predicted information of
channel, the important MBs are arranged into the guard sec-
tions and the unimportant MBs are arranged into the burst
sections. Moreover, when considering the inter-frame error
propagation, a suitable intra refresh rate is selected based
on the channel state to reduce the EEP. Experimental results
show that our proposed method gains some improvements
in terms of the PSNR as compared with some conventional
methods that have not taken the channel condition and the
error propagation into consideration in generating an FMO
map.
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