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ABSTRACT

Video compression standards such as H.264/AVC and
H.265/HEVC are widely used in applications such as video
conferencing, streaming and television broadcasting. These
compression standards have been ubiquitously adopted due to
their high compression performance as compared to previous
standards. However, compressed video may suffer from
severe degradation during transmission over unreliable
channels due to packet losses which can result in low Quality
of Service (Qo0S). In this paper, a new Space Time Flexible
Macroblock Ordering (ST-FMO) scheme is proposed which
considers both spatial and temporal re-mapping of
Macroblocks(MBs) within a Group of Pictures (GOP).
Moreover, a new prioritisation method to determine the
concealment order of lost blocks is proposed. The new
method uses the autocorrelation function as a measure to
determine which blocks should be concealed first. The
combined application of the novel ST-FMO and prioritisation
scheme provides average gains of over of 2.34 dB over a
conventional scheme and 1.11 dB over an existing FMO and
prioritisation scheme.
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1. INTRODUCTION

H.264 and H.265 are popular video coding standards in use
today and developed by the ITU-T Video Coding Experts
Group and the ISO/IEC Moving Picture Experts Group [1-4].
Due to its high compression efficiency, H.264 has recently
been investigated for live streaming over Enhanced
Multimedia Broadcast Multicast Service (e-MBMS)[5].
Recently, in [6] the authors presented a novel fast intra
prediction mode decision method for H.264/AVC which uses
the prediction directions and the Sum of Absolute
Transformed Differences (SATD) of the recovered
neighbouring pixels and block content to eliminate some of
the least likely prediction modes from the Rate Distortion
Optimization (RDO) computation. The results showed that
this new method decreased the coding time with little video
quality degradation and bit rate increment [6]. In addition, the
use of H.264/AVC codec with 4G-LTE technology has
proved to be very efficient by reducing the bandwidth for
video transmission and at the same time rendering good
quality video [7]. H.264 uses advanced prediction algorithms
whereby a pixel value can be estimated by using either
surrounding pixels (spatial prediction) or pixels from the
previous frame or future frames (temporal prediction) in order
to achieve higher compression [4, 8]. However, transmission
of video over wired and wireless communication channels is a
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very challenging task since compressed video is highly
sensitive to transmission errors. Due to the prediction
algorithms used in H.264, the errors are propagated into
subsequent frames within a Group of Pictures, which
consequently result in severe degradation in the quality of the
video [8]. In addition, a major issue associated with
applications such as video streaming over the internet is burst
errors resulting into packet losses. Burst errors which occur
frequently over congested networks can significantly degrade
quality of a video and consequently result in poor QoS and
Quality of Experience (QoE) [9-10]. Therefore, it is vital for a
video compression standard to cater for packet losses during
video transmission [3, 11]. A popular method of dealing with
this problem is to use Flexible Macroblock Ordering (FMO)
which is a very efficient error resilient tool in H.264. The idea
behind FMO is to reorder Macroblocks (MBs) in such a way
that it efficiently improves the concealment of lost MBs [12].
Moreover, several recent studies have shown that prioritising
the concealment order can significantly enhance the quality of
a video. An overview of FMO as well as prioritisation
techniques developed for H.264 video transmission is given
next.

Many FMO techniques have been extensively studied and
developed in recent years. For example in [13], FMO was
used for the rearrangement of MBs into slice groups based on
the content of the message bits. Results have shown that the
proposed technique surpasses previous works in terms of
message payload which leads to reduced distortion and
compression overhead [13]. In [12], an Explicit Chessboard-
Wipe (ECW) FMO scheme was proposed which defines a
new ordering mechanism of the MBs. This new technique
proved to outperform all the FMO types by maximising the
number of correctly received Macroblock surrounding a
corrupted Macroblock by surpassing the existing Chesshoard
FMO type by an average gain of 1.52 dB [12]. In [14], a new
technique was proposed which considers the importance of
each MB in order to generate a FMO explicit map.
Furthermore, the intra refresh rate was used for diminishing
dependency between frames to prevent error propagation. The
proposed method outperformed previous methods in terms of
PSNR [14].

Prioritisation of the concealment order is another efficient
technique to minimise the effect of channel errors. For
example in [15] an algorithm was used to determine the
importance of each Macroblock so as to determine the order
of concealment of the MBs. The importance of the lost
macroblock was determined by calculating the impact the loss
MBs has on the subsequent frames. This technique is useful
only when temporal concealment is used. In addition, the
authors in [16] proposed a novel exemplar based spatial error
concealment scheme which uses adaptive ordering block
match. The order of the concealment is determined by the
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intensity, reliability and similarity of the surrounding blocks
[16]. The results showed that the proposed technique achieves
performance gains of 1.6 to 1.8 dB on quality as compared to
an existing algorithm which was implemented in JM14.0 [16].
However, the method for determining the concealment order
was applicable to only spatial concealment.

In this paper, ST- FMO and Prioritisation schemes for H.264
transmission are proposed. The novel Space Time FMO
(ST-FMO) scheme reorders the MBs in such a way that it
increases the number of spatially and temporally available
neighbours surrounding the lost MBs thereby significantly
enhancing both spatial and temporal concealment. In the
proposed prioritisation scheme, the order in which the MBs
will be concealed is determined by an autocorrelation
algorithm. This algorithm exploits the correlation between
both neighbouring pixels and previous frames in order to
determine the order of concealment as compared to previous
prioritisation techniques where either spatial or temporal
concealment was used. Simulations results have shown that
the proposed scheme provides an average gain of 2.34 dB
compared a conventional scheme and an average gain of 1.11
dB over an existing FMO and prioritisation schemes. It is to
be noted that existing FMO techniques reorder the MBs
within each frame which is efficient when only spatial
concealment is used. However, the proposed FMO technique
increases the available spatial and temporal neighbours which
improves both spatial and temporal concealment and therefore
provide better video quality. Finally, previous works on
prioritisation have focused on either spatial or temporal levels,
whereas the proposed prioritisation algorithm works at both
the spatial and temporal levels.

This remainder of this paper is organized as follows. Section 2
provides background information on existing FMO and
prioritization schemes.
Section 3 presents the proposed framework and its design.
Section 4 demonstrates the experimental results and finally in
Section 5 draws some conclusions and scope for future works.

2. BACKGROUND

This section describes the basic concepts behind FMO and
prioritization schemes.

2.1 Flexible Macroblock Ordering

Flexible Macroblock Ordering (FMO) has proved to be one of
the most remarkable error-resilient tool within the H.264/AVC
standard. In previous video compression standards, MBs were
attributed to slices in a raster scan manner [11-18]. With the
FMO approach, MBs are no longer grouped into slices but
grouped according to a technique referred as slice groups [11-
18]. Therefore, each macroblock is assigned to a slice group
by using a Macroblock Allocation map (MBAmap), thus,
ensuring that neighbouring MBs are not found in the same
slice group[17-18]. This approach aims to enhance the
concealment of a lost MB from its correctly received
neighbouring MBs by reducing the impact of consecutive MB
loss which is usually the result of burst channel errors [12].
The H.264 standard describes seven predefined types of FMO
referred as Type 0 to Type 6 [18]. One of the most popular
FMO techniques is known as chessboard FMO. In [12], the
authors proposed a combination type 0 and type 5 FMO
known as Explicit Chessboard Wipe (ECW) FMO which
outperforms all the other FMO types.

Figure 1 illustrates a decoded frame from the foreman
sequence which has been transmitted over a lossy channel
at a packet loss rate of 0.2 using the Gilbert Elliot channel
model[19-20]. Figure 1(a) is encoded without FMO while
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Figure 1(b) and Figure 1(c) have been encoded using
chessboard FMO and ECW FMO [12]. Reconstruction
using raster scan as shown in Figure 1(a) is quite challenging
compared to Figure 1(b) and Figure 1(c) where chessboard
and ECW FMO [12] have been used respectively.

From the analysis, it can be concluded that Figure 1(c)
provides the highest PSNR of 11.1879 dB. This is because
with ECW FMO [12] the errors are more de-localised
throughout the frame which consequently increases the
number of neighbouring MBs. In addition, when error
concealment is employed along with FMO, further gains are
obtained. The effect of concealment with FMO can be seen in
Figure 1(d), Figure 1(e) and Figure 1(f) which in fact
represent the concealed version of frames 1, 2 and 3
respectively. The Lagrange Interpolation [21] technique has
been used as temporal concealment of the frame in this
example. It can be observed that Figure 1(f) provides a
maximum gain of 23.1920 dB after concealing Frame 3.

Channel Type = Gilbert Elliot Loss Model
Packet Loss Rate = 0.2
Frame 2

Frame 1 Frame 3

@l

m
Figure 1(a) Decoded Frame Figure 1(b) Decoded Figure 1(c) Decoded
without using Frame using Type O Frame using
FMO(raster scan Order) Chessbhoard FMO ECW FMOI[12]

PSNR =9.67 dB PSNR =10.9118dB  PSNR =11.1879 dB

Z  Za\

s e

Figure 1(d) Figure 1(e) Figure 1(f)
Concealed Frame 1 Concealed Frame 2 concealed Frame 3
(Figure 1(a)) (Figure 1(b)) (Figure 1(c))

PSNR = 22.4214 dB PSNR =22.9309dB  psNR = 23.1920 dB
Fig 1: Decoded / concealed frames using FMO schemes

2.2 Prioritised Concealment

An effective approach to combat the effect of packet loss over
congested networks is Error Concealment. Many error
concealment techniques have been extensively studied over
the years. The main objective of error concealment is to
repair lost or corrupted MBs after its transmission over the
communication channel. In addition, prioritisation of error
concealment determines the order of the concealment process
of the MBs. The Impact Factor algorithm developed in [15]
is an efficient technique used for determining the influence of
each lost MB on the video sequence. This algorithm states
that the impact of a MB in a frame is determined by the
concealment algorithm which is used to repair the corrupted
MBI[15]. With the use of the equations described in [15], the
impact of each MB is calculated and the order of their
concealment is determined, therefore ensuring an efficient
concealment of corrupted MBs.

3. PROPOSED SYSTEM

This paper proposes a novel FMO technique which increases
the number of spatially and temporally available neighbouring
MBs. In addition, this paper also presents a new prioritisation
scheme using auto-correlation of neighbouring pixels which
determines the order in which the MBs will be concealed.
Frequency selective extrapolation (FSE) [22] and Lagrange
Interpolation (LI) [21] have been used for error concealment.
Figure 2 shows the encoder part of the proposed scheme. The
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input to the system consists of a video sequence containing N
frames. First, the N frames are converted into M GOPs each
of length L such that [8]:

N=MxL 1)

Each GOP is processed independently by the H.264 Encoder.
The new FMO scheme referred as Space-Time FMO (ST-
FMO) is applied to encoded bitstream before transmission
over the Gilbert Elliot Channel [19-20].

Input <GO—Pl>
Video |PP P
> GOP %
. > !
%& Formation| 123 !
123..N T H.264 » ST-FMO
Sequence of GOPM ™ -
N frames Tpp F et
| P P
’ 93%]“ ? Packets
Gilbert Elliot
Channel

Fig 2: Proposed Encoder with ST-FMO

Figure 3 represents the decoder for the proposed scheme.
Inverse ST- FMO is first applied to the bit stream so that the
packets (representing the MBs) are re-organised in order to
restore the initial positions of the packets. A new prioritisation
process is then used to calculate the relative importance of
each corrupted MBs by using the correlation between the
available neighbouring pixels. This will be described
afterwards. Based, on their importance, the order in which the
MBs will be concealed is determined, hence, allowing a more
efficient concealment. In the final stage, a concealment
algorithm is invoked in order to conceal the lost MBs. The
concealment algorithm can either be spatial or temporal and is
selected adaptively using a concealment selection algorithm.

111213 14 15,.....] L
H.264
Decoder

Received
Packets

Inverse
ST-FMO

Macroblocks
Prioritisation

o

Concealment

J7 Selection Algorithm j

Spatial Temporal
Concealment Concealment

l Output Video l

W Sequence of N frames

1,23,.... N

Fig 3: Proposed Decoder with ST FMO and Prioritised
Concealment

3.1 Proposed ST-FMO technique
Figure 4 illustrates the ST-FMO scheme.
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The main objective of FMO is to increase the number of
spatial neighbours within a frame in order to improve the
concealment of lost MBs. However, given the fact that MBs
located in the previous or next frame are more significant as
compared to neighbouring spatial MBs, this paper proposes
ST- FMO which considers both spatial and temporal MBs.

This technique operates in two steps. It first uses the ECW-
FMO scheme of [12] to achieve spatial FMO within an
encoded frame. After this stage the MBs within the frame are
re-ordered as in [12]. Secondly, it shuffles the frames in a
GOP such that no consecutive frame are transmitted together
as illustrated in Figure 4. After this stage, no two frames are
sent consecutively. For example, Frame 4 is sent after Frame
2 and Frame 1 after Frame 3.

Consider a loss scenario whereby MBs in Frame 1, Frame 4
and Frame 6 experience burst errors. The transmission order is
shown in Figure 5. It can be observed that Frame 1, Frame 4
and Frame 6 experience burst errors. Since Frame 1 is an I-
Frame spatial concealment can be used to conceal the lost
MBs. With the re-arrangement of the MBs within a frame
using ECW-FMO of [12], the number of available MBs is
increased which results in a more effective spatial
concealment. With ST-FMO, the order of transmission of the
frames within a GOP changes. For example, in Figure 5(b) it
can be seen that Frame 5 and Frame 6 are not transmitted
consecutively. Since Frame 5 is unaffected by noise it can
consequently be used as a reference frame for temporal
concealment of Frame 6. In addition, Frame 4 can be
concealed by using either Frame 3 (previous frame) or frame
5 (next frame) as reference frame. With spatial FMO alone,
this advantage is not obtained. In addition, the proposed ST-
FMO scheme does not have an effect on the encoder
performance as ST-FMO is applied to the MBs only after they
have been coded into bits.
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Figure 5 (a)

Frame 2 Frame 4 Frame 6 Frame 1 Frame 3 Frame 5

Figure 5 (b)

Re-arrangement of Frames within a
GoP

Frame 1 Frame 2 Frame 3 Frame 4 Frame 5 Frame 6

Two nelghbo‘u?s_ ;;allable for
concealment of Frame 4
Figure 5 (c)
Fig 5: Hlustration of a typical loss scenario of a GoP using
ST-FMO with Packet Loss Rate of 0.2.

3.2 Prioritisation using autocorrelation

The final stage in the proposed framework is Error
Concealment. However, prior to concealment this paper
proposes a new prioritisation algorithm based on
autocorrelation. Using the autocorrelation function, the
similarity within a frame i.e. the intraframe autocorrelation is
calculated by determining how the pixel similarity varies as a
function of distance between the pixels.

Consider Figure 6 in which intraframe autocorrelation is used.
CL represents the lost macroblock which is surrounded by 8
MBs Ca, Cg, C¢, Cp, Cg, Cg, Cg and Cy. Assume, all the
surrounding 8 MBs are correctly received. The correlation, r,
is calculated between each two MBs in order to determine the
level of similarity between them. For example, r; represents
the correlation between MBs C, and Cg, r, between Cg and
Cc and so on. Therefore, the higher the correlation value
between the two MBs, the higher the similarity between them.

The intraframe Autocorrelation algorithm, r, is given by
equation (2) [23]:

_ Tom Zn (Pp w,v)— 11p)(Qp (w,v)—p1g) @)
S 2By @)= 10 B 20y (a)-0)°

Where,

r is correlation coefficient.

P, (u, v) and Q, (u, v) represent two block of pixels.
u and v are pixel positions.

up and p, represent the mean values of B, (u, v) and Q, (u, v)
respectively.

L. .

Ca | Cs | Cc

o e

Ch Cp

r7¢ i fa

Cec | Ce | Ce

- -
e I's

Fig 6: Intraframe Autocorrelation

The average Intraframe autocorrelation, € of all the N, MBs
surrounding the lost MB can be calculated as follows:

C=—3" ®)
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Where,
N is the total number of MBs surrounding the lost MBs.

In case, one of the surrounding MBs is also corrupted, the
block is replaced by pixel value zero, while computing the
value r. The values of C are computed for all the lost MBs in
an I-frame. Then the one having the highest value of C is
concealed first. The value of C is zero for completely different
blocks. Spatial concealment is performed by using the
surrounding MBs. Therefore, for an efficient spatial
concealment of a lost MB, its neighbouring MBs should be
correctly received which is determined by a high correlation
value. If a lost MB contains corrupted neighbours as well, the
autocorrelation value decreases. This technique ensures an
effective way of prioritising the concealment of lost MBs. An
illustration of the application of this technique is given in
Figure 7.

Figure 7 represents a received frame from a typical foreman
sequence which has been transmitted over a Gilbert Elliot
Channel at a packet loss rate of 0.4. Consider the three
corrupted MBs C;, C, and Cs. C; is surrounded by 7 correctly
received MBs. The average Intraframe autocorrelation, € for
C, is 0.5097.

C, contains 5 correctly received neighbouring MBs. The value
of C for C, is 0.2490. This is because there is much less
similarity between the MBs as it can be seen from Figure 7,
C, is surrounded by 3 lost MBs which therefore decreases its
value for C.C; is surrounded by correctly received MBs.
However, the autocorrelation value is least in this case as Cs is
positioned in the first row in the frame where upper MBs are
not available for concealment. Therefore, C; will be concealed
first as it has the highest correlation value followed by C, and
C; respectively.

Received frame from a typical Foreman sequence
Channel model = Gilbert Elliot
Packet Loss Rate = 0.4

[P A ——

@]
&

T =0.5097 =0.2490 C=0.1131

Fig 7: Loss scenarios for calculation of intraframe

autocorrelation, C.

This prioritisation technique can also be extended to temporal
correlation whereby interframe correlation, r; is used.

Frame X,.1 Frame X,
M1
Ap.l i - Ap
_ I
Dpi  |Bu[ ra D, [0 B
Cp1 = M4 - C,

Fig 8: Interframe Autocorrelation

Consider Figure 8 which shows two received frames. X, is the
currently received frame and X, is the previous frame. T
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represents the lost MB. It is assumed that the concealment
algorithm will use A1, By, Cp.q and Dy, from the reference
frame to conceal T.

Since temporal concealment will be used for recovering lost
MBs, the similarity between the two frames X,, and X,,_; is
calculated. For example in Figure 8, ry represents the
correlation between MBs A, and Ay;. Along the same line,
correlation, ry, iz and ry are calculated using the equation
below [23]:

r = Tom T (Xp @)= pp ) (Xp 1 (,v) = _1)
t

= (4)
JZm T (X, w)— ﬂp)z T Zan(Xp—1 (u,v)—‘ulg,l)2

r, is the correlation coefficient between adjacent frames
represented by X, and X,,_;[23].

X, represents the current frame.
X, represents the previous frame.

Therefore the average Interframe autocorrelation correlation
C,, is calculated as follows:
CP — rt1+rt2':rt3+rt4 (5)

The values Cp are computed for all the lost MBs in the P-
frames. After that, the one having the highest value of Cp is
concealed first. For temporal concealment, four neighbouring
MBs (top, right, left and bottom) in the reference frame are
used. The interframe autocorrelation algorithm checks the
similarity between the neighbours of a lost MB in frame X,
with those of its reference MB in frame X,_; from the
previous frame. Concealment of X, will not be effective if
the surrounding MBs are also corrupted. Given the fact that
errors are propagated throughout a GOP, it is important to
determine the correct order of concealment.

Previous Frame, Xp.1

Current Frame, X,

e -

rn = 0.4917

rz = 0.2496

Fig 9: Loss scenarios for calculation of interframe
autocorrelation, C,.

Consider three lost MBs r,, 1, and r¢ in a P-frame X, as shown
in Figure 9. r, and r, are both surrounded by two lost MBs
and two correctly received MB. The interframe
autocorrelation value, ry of MB r,, is 0.4917 as compared to
r. whose interframe autocorrelation value, ryz is 0.2496. This is
because there is more similarity between the neighbours of r,
and r,1 1y is surrounded by three lost MBs and its reference
MB ry,.; is surrounded by one lost MB. As the neighbouring
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MBs of r, are completely different from its reference MB ry, 1,
the interframe autocorrelation value, ry, is zero. Therefore, ra
will be concealed first followed by r. and r, respectively.

3.3 Concealment Selection Process

The last block of the decoder selects the concealment
algorithm to be used which can be spatial or temporal. This is
illustrated in Figure 10. First, the algorithm checks whether
the frame is an I-frame or a P-frame. If, it is an I-frame the
average Intraframe correlation value, Cis used for
determining the order of concealment of the MBs. In the final
stage, Frequency Selective Extrapolation (FSE) [22] is used
for as spatial concealment of the MBs. Otherwise, if the frame
is a P-frame, the Interframe correlation value C, is used for
determining the concealment order of MBs and lastly,
Lagrange Interpolaton (LI) [21] is used as temporal
concealment.

Received Sequence of
Frames

s current frame

NO P-Frame
an |-Frame?

I-Frame

L Use Intraframe Use Interframe
Prioritisation Correlation, CI Correlation, CP

Use Frequency

Selective Use Lagrange
Extrapolation Interpolation (LI)
Concealment (FSE) Temporal
Spatial Concealment

Concealment

Fig 10: Flowchart illustrating the prioritisation and
concealment selection

It is also possible to use other concealment schemes as well as
other criteria to select between the use of spatial and temporal
concealment.

4. SIMULATIONS AND RESULTS

In line with the goals of this work, nine different schemes
have been compared. The schemes have been simulated using
Matlab with the Foreman and Akiyo video sequences which
consists of 300 frames. A Gilbert Elliot Channel Model has
been used for all the simulations [19-20]. Each frame is of
size 144x176 pixels and a rate of 25 frames per second has
been used. A brief description of each of the schemes is given
in Table 1 below:

Table 1. Schemes tested.

Scheme | Type of FMO | Type of Prioritization
1 ST-FMO Autocorrelation

2 ECW-FMO [12] Autocorrelation

3 No FMO Autocorrelation

4 ST-FMO Impact Factor [15]
5 ECW-FMO [12] Impact Factor [15]
6 No FMO Impact Factor [15]
7 ST-FMO No Prioritisation
8 ECW-FMO [12] No Prioritisation
9 No FMO No Prioritisation

Scheme 1 represents the proposed framework which uses ST-
FMO and prioritisation based on autocorrelation for
concealment. Scheme 2 uses ECW- FMO [12] and
prioritisation based on autocorrelation. Schemes 3 and 6 both
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do not employ any FMO technique but use prioritisation
based on autocorrelation and Impact Factor [15] respectively
for prioritisation. Scheme 4 employs ST-FMO and Impact
Factor for prioritisation and Scheme 5 uses ECW-FMO [12]
and Impact Factor [15] for prioritisation. Schemes 7 and 8
both do not use any prioritisation method but use ST-FMO
and ECW-FMO respectively. Finally, Scheme 9 represents a
conventional H.264 transmission scheme without FMO and
prioritisation. In all the simulations, FSE [22] is used as
spatial concealment and LI [21] is used as temporal
concealment.

4.1 Results with the Foreman sequence
using GOP lengths of 6 and 15.

Table 2 represents the results obtained using the 9 schemes at
packet loss rates of 0.2 and 0.4 with a Foreman video
sequence. Moreover, two GOP lengths of 6 and 15 have been
used.

Table 2. Results obtained using the Foreman sequence
with GOP lengths of 6 and 15 at Packet Loss Rates (PLR)
of 0.2 and 0.4.

PLR=0.2 | PLR=0.4 | PLR=0.2 | PLR=0.4

Scheme 1 17.9967 13.3248 16.1016 12.1475

Scheme 2 | 17.9396 13.2064 16.0572 12.1113

Scheme 3 | 17.8658 13.1864 15.9753 12.1096

Scheme 4 17.4495 12.2823 15.4103 11.7549

Scheme 5 17.3400 12.1530 15.3705 11.6412

Scheme 6 | 17.2993 12.1098 15.3453 11.5602

Scheme 7 16.7456 11.9479 14.8142 11.3364

Scheme 8 | 16.6790 11.6793 14.7348 11.3038

Scheme 9 16.5278 11.6021 14.6225 11.2620

T

—— Scheme .1
=-@®= Scheme 5

At
[=a]

Y-PSNR(dB)

-
s

10 i i H N 1
0.1 015 02 025 03 035 04
Packet Loss Rate

Fig 11: Graph of Y-PSNR against Packet Loss Rate using
the Foreman sequence with GOP length = 6

Figure 11 shows a Graph of Y-PSNR against Packet Loss
Rate for the Foreman sequence with GOP length = 6. It is
observed that scheme 1 which uses ST-FMO and
autocorrelation as prioritisation provides an average gain of
0.8 dB over scheme 5 which uses ECW FMO [12] and Impact
Factor[15]. In addition, scheme 1 provides an average gain of
1.55 dB in the range of 0.1 < Packet Loss Rate < 0.4 over
scheme 9 which does not use FMO and prioritisation. This
gain is obtained because ST FMO increases the number of
available neighbouring and adjacent MBs which enhances the
performance of both spatial and temporal concealments.
Furthermore, the prioritisation algorithm provides a more
effective way for determining the order of concealment as it
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considers both autocorrelation between neighbouring and
adjacent pixels as well. Scheme 1 achieves a maximum Y-
PSNR value of 21.86 dB at 0.1 Packet Loss Rate.
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Fig 12: Graph of Y-PSNR against Packet Loss Rate using
the Foreman sequence with GOP length = 15

Figure 12 represents a graph of Y-PSNR against Packet Loss
Rate using a GOP length of 15. It is observed that scheme 1
provides an average gain of 0.79 dB over scheme 5 in the
range of 0.1 < Packet Loss Rate < 0.4. Over the same range,
Scheme 1 also outperforms Scheme 9 by 0.90 dB. It can be
observed that concealment is less effective when the error has
been propagated over a larger sequence of frames, i.e. for
longer GOP lengths.

Foreman Sequence, Frame Number 3
Packet Loss Rate = 0.2

W— /GOP Ie\ngth =6 .
- . -
Scheme 9 Scheme 5 Scheme 1

PSNR =28.4033dB PSNR =29.7881dB PSNR = 33.7806 dB

Foreman Sequence, Frame Number 5
Packet Loss Rate = 0.2

. GOP length =15
\ S . - — NN
z :‘ — N, — - -
iy O 5
Scheme 9 Scheme 5 Scheme 1

PSNR = 8.1506 dB  PSNR =16.9097 dB  PSNR = 20.6873 dB

Fig 13: Comparison in Video frame quality between
Scheme 1, Scheme 5 and Scheme 9 with Foreman
Sequence.

Figure 13 shows frames which have been reconstructed using
Scheme 1, Scheme 5 and Scheme 9 with GOP length 6 and
15. Using a GOP length of 6 with frame number 3, it can be
seen from the leftmost picture which uses Scheme 9 has a
PSNR of 28.4033 dB. The middle picture which uses Scheme
5 provides an additional gain of 1.38 dB as compared to
Scheme 9. The rightmost picture which is reconstructed using
the proposed method Scheme 1 outperforms Scheme 5 and
Scheme 9 both in terms of PSNR and Visual quality. Using a
GOP length of 15 with frame number 5, it can be observed
that the leftmost picture has suffered severe degradation due
to both burst errors and error propagation from previous
frames. Using Scheme 9, the frame has not been reconstructed
effectively with a low PSNR value of 8.1506 dB. With
Scheme 5, the errors are de-localised which increases the
number of available neighbouring MBs for concealment.
Error concealment is more effective with a PSNR value of
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16.9093 dB. In addition, the proposed technique, Scheme 1
surpasses Scheme 5 and Scheme 9 by providing the highest
PSNR value of 20.6873 dB and acceptable visual quality.

4.2 Results with the Akiyo sequences using
GOP lengths of 6 and 15

Table 3 represents the results obtained using the 9 schemes at
packet loss rates of 0.2 and 0.4 with a Akiyo video sequence.
Moreover, two GOP lengths of 6 and 15 have been used.

Table 3. Results obtained using Akiyo sequence with GOP
lengths of 6 and 15 at Packet Loss Rates (PLR) of 0.2 and
0.4.

PLR=0.2 | PLR=04 | PLR=0.2 | PLR=04

Schemel1 | 21.1278 16.0346 16.5245 13.4523

Scheme 2 | 20.8942 15.8780 16.5019 13.3980

Scheme 3 | 20.8559 15.8315 16.4725 13.2156

Scheme 4 | 19.6122 15.2406 14.7020 10.7658

Scheme5 | 19.5078 14.8247 14.6936 10.6789

Scheme 6 | 19.4389 14.6345 14.6913 10.6458

Scheme 7 | 18.5260 14.4694 13.0396 8.8649

Scheme 8 | 18.4630 14.3627 13.0247 8.8221

Scheme 9 | 17.8116 14.2861 13.0192 8.8023
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Fig 14: Graph of Y-PSNR against Packet Loss Rate with
GOP length = 15 with GOP length = 6.

Figure 14 represents a graph of Y-PSNR against Packet Loss
Rate for the Akiyo sequence using a GOP length of 6. It is
observed that scheme 1 provides an average gain of 1.11 dB
over scheme 5 in the range of 0.1 < Packet Loss Rate < 0.4.
Over the same range, Scheme 1 also outperforms Scheme 9
by 2.34 dB.

Figure 15 represents a graph of Y-PSNR against Packet Loss
Rate with a GOP length of 15. It is observed that scheme 1
provides an average gain of 0.90 dB over scheme 5 in the
range of 0.1 < Packet Loss Rate < 0.4. Over the same range,
Scheme 1 also outperforms Scheme 9 by 2.11 dB.

Figure 16 shows the comparison in visual quality using
Scheme 1, Scheme 5 and Scheme 9. It can be seen that
Scheme 1 provides better visual quality of the frame and
highest PSNR value of 25.8158 dB using GOP 6 and 20.9810
dB using GOP 15.
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Fig 15: Graph of Y-PSNR against Packet Loss Rate using
the Akiyo sequence with GOP length = 15.
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Fig 16: Comparison in Video frame quality using Scheme
1, Scheme 5 and Scheme 9.

5. CONCLUSION AND FUTURE
WORKS

The aim of this paper is to improve the performance of H.264
video transmission by using a new FMO and prioritisation
scheme. A new FMO scheme, ST-FMO, has been proposed
which greatly increases the number of available MBs, thereby
improving the spatial and temporal concealment of corrupted
MBs. The novel combination of ST-FMO has proved to be
very useful in combating the influence of packet losses during
transmission. Furthermore, a new prioritisation scheme based
on autocorrelation is proposed to determine the order of
concealment. The prioritisation algorithm is applied to both
intraframe and interframe concealment in order to enhance the
performance of error the concealment scheme employed. The
performance of the proposed scheme was simulated and
compared against eight schemes using the Foreman and Akiyo
sequences with two different GOP lengths. The proposed
scheme provided a significant average gain of 2.34 dB over a
conventional scheme which does not use FMO and
prioritisation. The results have shown that the proposed
scheme outperforms all the other schemes, hence it is suitable
for many real time video applications in order to improve the
Quality of Service. The proposed scheme also provides an
average gain of 111 dB over an existing FMO and
prioritisation scheme. From the results, it can be concluded
that the new FMO and prioritisation scheme proved to be an
efficient technique in combating burst errors and enhancing
error concealment. An interesting future work would be to
investigate the optimal GOP length that should be used for a
given packet loss rate. Finally the ST-FMO and prioritisation
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scheme proposed can also be applied to H.265 and a
performance analysis could be made.
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