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Abstract—This paper presents an exact study of the impact
of packet loss on H.264 scalable video coding (SVC). A Markov
Chain (MC) with 27 states is developed to describe the error
propagation process inside a group of pictures (GOP). The
model is extended to estimate the number of frames affected
by transmission errors for a video sequence composed of
multiple GOPs. By analyzing the inter-frame prediction rules,
we examine the performance of different GOP structures
against transmission errors. From the exact analysis, several
metrics are analytically determined. Based on the proposed
metrics, the performance of the SVC hierarchical B-frame
structure and the advance video coding (AVC) IPPP structure
(compatible base layer in SVC) are evaluated and compared
under the assumption of random packet loss with rate p.
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I. INTRODUCTION

In order to transport compressed video over a packet-
based network (e.g., IP-network), the encoded bit-stream
needs to be fragmented according to the maximum transfer
unit (MTU). In an error-prone environment, packet loss may
occur and cause distortion on the perceived video quality
at the receiver. The resulting video distortion, however,
varies according to the inter-frame predicting rules being
used. Hence, it is important to understand the impact of
transmission errors on different encoding schemes.

The scalable video coding (SVC) amendment [1] for
the H.264/AVC (Advance Video Coding) standard provides
scalable video streams in the temporal, spatial and quality
dimensions with graceful adaptation between different sca-
lability layers. It is considered to be a promising approach
to offer quality adaptation to heterogeneous receivers with
varying bandwidth constraints. Video distortion caused by
packet loss in SVC is of great importance, as it determines
the level of quality degradation, and provides insights on
efficient quality adaptation.

Predicting transmission distortion in SVC is challenging,
due to the three scalable dimensions and the hierarchical
inter-frame prediction structures (the terms of inter-frame
prediction and frame dependency are used interchangeably in
this paper.). As we will discuss in Section II, an exact model
of the transmission distortion in SVC seems missing. In
this paper, we focus on an inter-frame prediction model for
the hierarchical temporal prediction structure. In particular,
we aim to investigate the error propagation process in
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SVC hierarchical prediction structure and the robustness of
different prediction mechanisms against transmission errors.
Encoding schemes studied in this paper are: 1) SVC hierar-
chical B-frame structure (efficient compression, applicable
for non-real-time video application), 2) AVC IPPP mode
(SVC base layer compatible, applicable for real-time video
delivery with stringent delay requirements).

The contributions of the paper are two-fold. First of all, to
our knowledge, it is the first exact analysis that studies error
propagation in the SVC hierarchical prediction structure.
Instead of relying on extensive simulations, the exact model
allows us to evaluate the performance of difference GOP
(group of pictures) structures under packet loss accurately.
Secondly, results obtained from this work can be used as a
guideline in choosing the preferred codec (or GOP structure)
that is more robust against transmission errors.

The rest of the paper is organized as follows. In Section
I1, related work is discussed. Section III presents preliminary
definitions and the description of the error propagation
problem. Section IV describes the proposed analytic model,
along with the performance metrics. In Section V, we
present the analytic results and key findings. Section VI
concludes the paper.

II. RELATED WORK

There exists a rich number of studies focusing on the
transmission distortion problem on the baseline profile of
H.264/AVC. To simplify the loss-model, most of the studies
assumed an additive model when consecutive packet losses
occur, e.g., [6], [7] and [8]. In [9], the non-linearity of trans-
mission distortion was considered. The proposed algorithm
has shown superior performance over the linear models.

Existing transmission distortion models in AVC, however,
cannot be directly applied to SVC due to the hierarchical
prediction structure being employed. Most rate-distortion
models regarding SVC aimed to optimize the perceived
video quality as a function of different encoding parameters,
e.g., [13], [14]. Studies about transmission distortion in
SVC are either performed by experimental measures, or via
approximations. Monteiro ef al. [10] quantified the impact
of packet loss on the SVC video stream with extensive
simulations. Ghareeb ef al. [11] have shown that the effect
of packet loss can be reduced when delivering SVC layers
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through multiple paths based on experiments conducted in
the ns-2 simulator. In [12], a loss-distortion approximation
model was developed but did not provide an exact analysis.
In order to accurately predict the impact of packet loss on
the SVC hierarchical prediction structure, an exact analysis
is required, which is the focus of this paper.

III. PRELIMINARY DEFINITIONS AND PROBLEM
DESCRIPTION

We consider the delivery of N encoded frames over a
lossy network, where a unique identification number (ID)
k(0 <k < N-1)is assigned to each frame. Let d (0 <
d < ngop — 1) be the unique ID of each GOP, where 14y
is the total number of GOPs in the video sequence. Let ¢
(0 <t < m) be the unique identifier of each temporal sub-
layer (or simply temporal layer) where m is the number of
temporal layers in each GOP.

Employing variable bit-rate (VBR) encoding at the en-
coder leads to variable frame sizes after encoding. Let sg
denote such a random variable (r.v.), where k is the frame
ID. In IP-networking, the maximum service unit (MST) is
fixed to 1460 bytes excluding the 40-byte header. Hence,
the number of packets nj consisting of frame k after IP
fragmentation is also a random variable. The total number
of fragmented packets of the N frames is therefore obtained

N
by M = Z k=0 "k-

Losing a packet in frame k will not only affect the current
frame, but also propagates the initial error to subsequent
frames due to the hierarchical inter-frame coding. In this
paper, we identify the reason for a frame becoming erro-
neous as follows. If at least one packet is lost in a frame,
we say that the frame is erroneous due to packet loss.
Error propagation within a GOP takes place step by step,
which is defined as error propagation steps r. We consider
a worst case where a corrupted Macroblock will be used
for inter-frame prediction and further propagates the error
to successive frames. Any frame that is predicted from an
erroneous frame due to the inter-prediction structure is con-
sidered as being erroneous due to frame dependency. Note
that a frame impacted by packet loss can be again affected
by frame dependency. We do not apply any advanced error
concealment technique to the video sequence, so that error
propagation is only evaluated under the influence of GOP
structure. Pixels containing errors are simply concealed with
ZEeTos.

We measure the error propagation process within a GOP
by the total number of erroneous frames, Y'[r|, after each
propagation step r. Let {Y[r],r >0} describe such a
stochastic error propagation process. In the successive steps,
all erroneous frames in the previous step keep disseminating
the error to their neighbouring frames according to the inter-
prediction rule, resulting in Y[r] erroneous frames after step
r. The total number of erroneous frames, Y'[r], is non-
decreasing with r. The process of Y'[r] varies with respect
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State index ¢ | fnv_1fn—2-.-f3fofi1fo
0 00......0000
1 00......0001
2 00......0010
2N 1 11....1111
Table 1

STATE SPACE OF THE ERROR PROPAGATION PROCESS WITH [N FRAMES.

to the prediction structure being used.

Given the above definitions, we formulate our problem as
follows: given 1) different GOP structures; 2) M encoded
frames with variable frame size and number of fragmented
IP packets; and 3) random packet loss over the N frag-
mented packets with probability p, we want to find out: The
probability density function (pdf) that there are exactly y
frames affected by packet loss and by frame dependency
respectively.

IV. MODELING ERROR PROPAGATION IN SVC
A. A Markov Chain with 2N states

In this section, we develop an exact analysis of the error
propagation process in a GOP. The notion N is confined
as the total number of frames in a GOP. The analysis is
extended to predict the number of erroneous frames in a
video sequence with multiple GOPs in Section IV-C2. At
each discrete propagation step r, an arbitrary frame k can
enter two states: 1) affected by errors, denoted by Fi[r] = 1;
and 2) not affected by errors, denoted by Fj[r] = 0.

The state Y[r] of the GOP at step r is defined by all
possible combinations of the states, in which the N frames
can be at step r

Yr] = Yo[r], Yalr], ..., Yon _q [r]]" (1)

where Y;[r] = 1if i = Y20 ' Fi[r] - 2%, and Yi[r] = 0
otherwise. The total number of states is Ziv:o (],Z) = 2N,
and the state space of the error propagation process is
organized with fj, € {0,1} as shown in Table L.

The error propagation process can be described exactly as
a discrete Markov Chain (MC) since the current erroneous
frames Yj[r] at step r only depends on those from the
previous step Y;[r—1]. The number of states with ¢ erroneous
frames is () out of the 2V ones.

Let P be an (2V) x (2V) transition probability ma-
trix. Each entry in P, P;; = Pr [Y,41 = j|Y, =], de-
notes the probability that the MC moves from state i to
state j in one step. The probability state vector s[r] in
step r is denoted by s[r] = [so[r],s1[r], ..., Sov_1[7]],
with Zfiofl sir]=1 and s;fr] = Pr[Y,=1d =
Pr [Fo[’l“] = fo,Fl[’l“] = fl, ...,FNfl[T] = fol}'

The probability state vector can be calculated in terms
of the initial state vector s[0] and the transition probability
matrix P from

2
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In the above proposed discrete MC, the maximal number of
steps until entering an absorbing state (defined by P;; = 1)
is bounded by 7,4, = 2N _ 1. In other words, we take
2NV — 1 as the upper bound of r for numerical calculations.
Consequently, the steady-state vector is given by

T = $[rmaz) = $[0] - PTme®

3

with 7pae = 2V — 1.

In order to solve (3), the initial state vector s[0] and the
transition probability matrix P need to be determined. In
Section IV-C1, we present our approach of determining s[0].
Notice that both s[0] and the state space description of the
MC are independent of the GOP structure. The transition
probability P;;, however, is highly dependent on the inter-
prediction structure being used. In Section IV-B, we discuss
the calculation of the transition probabilities of the MC in
different GOP structures.

B. The transition probabilities P;;

In this section, we first explore the principles of frame
ID assignment and inter-frame prediction. Afterwards, a so-
called dependency matrix is developed to describe the depen-
dency between frames. Finally, the transition probabilities
P;; are computed based on the dependency matrix. Two
GOP structures are studied in the sequel.

1) The hierarchical B-frame structure: Following the
conventions in [3], inter-prediction in the hierarchical B-
frame structure is jointly initiated from I-frames in the
current and preceding GOP, see Fig. 1. Hence, in our model,
the number of frames in a GOP is defined as N = 2™ + 1,
including the I-frame preceding the current GOP. Frame
dependency is indicated by the inter-prediction arrows in
Fig. 1. For example, frame 2 is predicted from 1 if there
exists a outgoing arrow from 1 to 2.

Denote v?[t] a frame ID vector in each temporal layer ¢
of GOP d. An entry in v%[t], vl[t], refers to the i-th frame
ID in layer t. As shown in Fig. 1, frames in the base layer
are always assigned by v?[0] = [d-2™,(d + 1) - 2™], with
0 < d < ngop — 1. The assignment of frame IDs in layer ¢
(t > 1) of GOP d obeys a general rule, that is, a frame ID
in layer ¢ is iteratively computed by adding or subtracting

GOP GOP

' |
< 0
| |
1 1
| |
! !

f i PN
| |
1 1
I T I
| |
1 1
' |
'

o T, T, T, T, T, T, T, T, T, T, T, T, T, T, T 0T,

T,

Figure 1. Hierarchical B-frame prediction structure of SVC temporal
scalability. Frames are presented in display order, while the number below
each frame indicates its corresponding temporal layer. Frames in the base
layer T are coded as I-frames. Those in the enhancement layers 74, 1%, ...
are coded as B-frames.
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2™~ from the frame it depends on in layer ¢t — 1. By using
such a rule, frames are ranked according to the displaying
order. For instance, each frame in layer ¢ — 1, vzd [t — 1],
determines two frame IDs in layer ¢ on its left and right
side by

j left side

vi[t] = vt — 1] — 2m~t
41—l m—t  ioht i “)

vf [t = vt — 1] + 2 right side
Notice that both I-frames determine a single frame in layer
t = 1 of the current GOP by d-2™ +2™~1 or d-2™ —2m~1,

The number of frames in layer ¢, w[t], is given by

2 ift=0
wlt]=<¢ 1 ift=1 (5)
2t if2<t<m

Next, we investigate the frame prediction rule of the
hierarchical B-frames as a function of frame IDs. Let &,
be an arbitrary frame in layer t; (k;, € v¥[t1]), and k;, an
arbitrary frame in layer to, (k;, € v%[ts]). Four observations
are revealed from Fig. 1: 1) k., is predicted from k;,
if ¢35 > t;. 2) Bi-directional prediction applies to frames
in t > 1. Frame k;, predicts one single frame in each
succeeding layer along one direction. 3) Inter prediction of
the two I-frames (¢ = 0) are bounded on their right- and
left- side respectively. 4) Frames in layer {5 = m are not
used to predict other frames. To summarize, a frame, k;,, is
predicted from k;, if and only if the following relationships
are satisfied:

(6)

where 0 < ¢; < t3 < m, and t5|t; denotes the dependency
of frame k;, on k;,. The number of frames, nq.p, that are
predicted from an arbitrary frame in layer ¢ is

m m
2

— 2 —
kt2|t1 = kt1 =+ b1z} or kt2|t1 = ktl - 5t

m—t ift=20
Naep =3 2-(m—1t) if0<t<m (7
0 ift=m

To better illustrate the dependency between frames in (6),
we develop a so-called N x N dependency matrix M. Each
entry e, in M defines the dependency of frame y on frame
r(0<x<2™+1and 0 <y < 2™+ 1). If the dependency
of frame y on x is true, we have e,, = 1. Otherwise, it
is ez, = 0. Combining (6) and (7), the entries in M are
organized by

1 ifz=y
1 ify=a—2
= m 8
Coy 1 ify=a+ 2 ®)
0 otherwise

with 0 < t; < to < m, where ¢; is the temporal sub-layer
that frame x belongs to, and ¢5 is the temporal sub-layer that
frame y belongs to. The first condition = y assures that a
frame stays erroneous once it is contaminated. The second
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Figure 2. State diagram of the hierarchical B-frame structure with m = 1,
N = 3 and 2V = 8 states. The number above state 0 indicates the frame
ID with the right-to-left order. The arrows refer to the transition between
states.

and third conditions includes all frames that are dependent
on frame z.

The transition probability F;; is derived together with the
dependency matrix as

1 ifvrey;: F,= Fy-eqy With VE,€Y;
Py = N ©)
0 otherwise

where Y; and Y} are the i-th and j-th states in Table I, and
N—1

Fy = \/ F;r cCpy = FO'BOy\/Fl 'ely\/---\/FN—l CEN—1;y-
The oge_rgtion AV Bis 1if A or B, or both are 1. If both
are 0, AV B is zero. Fig. 2 shows an example of the Markov
state diagram with N = 3 frames and 2"V = 8 states. As we
can see from Fig 2, it is only possible to transit from state
i to state j if j > 4.

2) The IPPP prediction mode: The first frame in a GOP
of the IPPP prediction mode is always an I-frame. All
succeeding frames are encoded as P-frames, see Fig. 3. Note
that there is no such concept of “temporal layer” in AVC,
N is simply the number of frames in a GOP (including one
I-frames and all succeeding P-frames).

The N x N dependency matrix of the IPPP mode is

1 ify==2z
Cry = 1 ify=z+1
0 otherwise

(10)

as a frame x only affect one single frame on its right side.
Substitute (10) to (9), F;; of the IPPP mode is computed.
State diagram of the IPPP mode is not presented due to
space limitations.

C. Performance evaluation

As shown in (3), the performance of error propagation is
determined together by the initial state vector s[0] and the
transition probability matrix P. In this section, we discuss
our approach to obtain s[0] and the methodology to predict

GOP size 8

OO DO OO

Figure 3. The structure of IPPP mode with N = 8 frames.
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the number of erroneous frames affected by transmission
errors both inside a GOP and within a video sequence
consisting of multiple GOPs.

1) Estimating number of erroneous frames in a GOP:
Given random packet loss with probability p over M pack-
ets, the number of frames affected by packet loss, denoted by
Y, kt, is ar.v. depending on 1, and p. Let Yy, be the number
of erroneous frames contaminated by frame dependency
after error propagation. The sum of Y,;; and Yy, equals
Y [rimaz] at step Tmaq-

The initial state vector s[0] defines the probability that
each state in Table IV-A may occur, where frame k is
affected by packet loss with probability 1 — ¢™*, and not
affected with probability ¢™*. Given nj, packets in frame &
and ¢ =1 — p, s[0] is computed by

N—-1
= IT {1p= (A= g™) +1p =0 g™} (D
=0
where fi.; denotes the status of frame k in state Y;. The
indicator function 1, is defined as 1 if y is true, otherwise
1, is zero [2, pp. 30].

Consequently, the pdf of Y, is derived as

2N _1

E:lyysz

where y; = Z k:_o fr;i is the number of frames with status
1 in state Y;. The pdf of Y., is

Pr[Yore =y = 12)

2N _1

E Ly=y - Si[Tmax]

with y; = Zk:_o fr:i and 8;[Tpmqq] is computed from (3).
Let : — s be a realization (i.e., a sample path) of the error
propagation process from an initial state ¢ to the absorbing
state s. The number of erroneous frames caused by inter-
frame dependency for a single sample path from state ¢ to
state s is

Pr[Yio: = y] = 13)

(14)

Ydep;i—s = Ys

N—1 N—1

—Yi = Z fk;s_ Z fk:;i
k=0 k=0

Pdf of the number of frames influenced by frame dependency

is therefore, determined by

2N _12N_1

=D D lyu-

=0 7=0

PI“ Ydep = y 113:7_711,(1.1:1 : Sl[O]

15)
where y; = Zg:_ol Jrsir Y = chv_ol fr;;. Elements in the
n-step transition probability matrix, P> = Pr[Y, . =
j|Yo = 1], defines the probabilities to move from initial state
1 to the steady-state j.

The mean and variance of Yiot are

ElYir] = YN, i-Pr[Yi =i and Var[Vy] =
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Zi\io (i — E[Yi0t])? - Pr[Yior = i]  respectively.  The
mean and variance of Yy, and Yy, can be obtained in an
analogous way.

2) Estimating number of erroneous frames in a video
sequence: Performing an exact analysis about the erroneous
frame estimation problem in a video sequence with multiple
GOPs is very difficult. At step r, an arbitrary GOP d may
enter N state: Gy[r] =i with 0 <7 < N and N is the total
number of frames in a GOP.

The major challenge is to describe the entire system
exactly. That is, to find all possible combinations the states
that the ng4,, GOPs can be at step 7. As discussed in Section
IV-A, we use 2V states to describe N frames with two
possible states. Given N states instead of 2 for each GOP,
the exact analysis becomes more complex and requires a
huge state space. Hence, we resort to a simple approximation
to compute the number of erroneous frames in a video
sequence.

Let Yy, Y., and Yi7, be the number of frame affected
by packet loss, frame dependency and the sum of the above
two r.v. in the entire video sequence. Instead of seeking for
the pdf of Y, Y., and Y5, we derive their expectations

dep
as —
EYsl= > E[Yioud (16)
d=0

where E [Y;,t.4] is calculated in Section IV-C1 for a single

GOP d. E[Y;,] and E[Y, | are computed analogously.

V. RESULTS AND DISCUSSIONS

In this section, a high definition (HD) video sequence
old_town_cross with the resolution of 1980x1080 and frame
rate of 50fps is encoded with the SVC reference encoding
software JSVM (Joint Scalable Video Model) [4] to generate
the hierarchical B-frame and IPPP mode encoded frames
(compatible with AVC). The version of JSVM under use
was 9.18. We assign m=3 in the B-frame structure, which
results in 9 frames in each GOP. To have fair comparison, the
GOP size of the P-frame mode is set to 9 as well. Encoding
parameters such as the quantization parameter are the same
for both schemes.

We also developed a simulation program by using the
C language to simulate IP fragmentation of the encoded
bit-stream. The program also simulates packet loss over
the fragmented packets. Since JSVM cannot decode frames
containing errors, an extra script was developed to filter out
damaged (hence undecodable) frames before decoding. The
JSVM software, therefore, only decodes those frames that
are error-free. Results obtained from the analysis are com-
pared with the results derived from the simulated program.
For each simulated result, 10* iterations are carried out.

A. The hierarchical B-frame structure

First of all, we compare the analytic Pr[Y,x; > y] and
Pr [Ygep > y| with simulated results in Fig. 4(a) and (b). As
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we can see from Fig. 4, both curves match the simulated
results very well. The tail probability Pr (Y, > y] (or
Pr([Y4ep > y]) defines the probability that more than y
frames are affected by packet loss (or frame dependency).
Given the packet loss rate of p = 0.1, the probability
that more than 3 frames are impacted by packet loss is
approximately 0.32, shown in Fig. 4(a). The probability that
more than 6 frames being affected by packet loss decreases
to the order of 1073 and 10~% for y = 8 frames. Frame
dependency seems to play an influential role, as illustrated
in 4(b). In 90% of the cases, more than 4 frames are
affected by frame dependency. In 28% of the cases, more
than 6 frames are contaminated. With the exact analysis, we
are able to evaluate the performance of Pr[Y,r > y] (or
Pr [Y4ep > y]) with high accuracy, which is normally very
difficult to achieve with simulations. For instance, in order
to have an accuracy of 10~ for y = 8, as in Fig. 4(a), the
simulation needs to be performed 10'2 times, which is time
consuming. In the following, only analytic results will be
discussed except for Fig. 5(b) where the approximation in
(16) is verified with simulated results for a video sequence
with multiple GOPs.

In Fig. 5(a), the analytic results of E [Y,1¢], E [Ygep] and
E [Y;o:] are presented respectively. When packet loss rate is
smaller than 0.1, frame dependency is a dominant factor in
propagating errors. However, with p > 0.2, E [Yg,,,] started
to decrease and E [Y,] begins to grow more drastically.
This is because, given a fixed amount of frames in a GOP,
more frames being affected by packet lost naturally leads
to less frames being influenced by dependency. The inset of
Fig. 5(a) plots E [Y,¢] together with its associated upper and
lower bounds. The upper and lower bounds are computed
by E[Yiot] & o respectively, where 0 = /Var[Y;y] is
the standard deviation. The two bounds for E [Y,;:] and
E [Yaep) are not presented due to space limit. Notice that
the upper and lower bounds indicate the worst and optimal
performance. For instance, we see that with p = 1072, the
maximal number of erroneous frames reaches 9 and the
minimal number of contaminated frames is around 6. From

—— Analytics (dependency)
m Simulation

Number of erroneous packets (p=0.1) Number o

(a) (b)

frerroneous packets (p=0.1)

Figure 4. The tail behavior of Pr [Y,i¢ > ] (a) and Pr [Yge, > y] (b)
versus number of erroneous frames y with p = 0.1.
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—6— Due to packet loss

8 I1| —— Due to dependency

—&— Total no. erroneous frames

- = = Upper and lower bounds

(a) Average number of erroneous frames in a GOP

----- Power law fit: ¢ =9.0,a=1.0
— - Power law fit: ¢ = 11.6, a = 1.0
100 =

—— Due to packet loss (Analytic)
O Simulation

—— Due to dependency (Analytic)
+  Simulation

—— Total no. erroneous frames (Analytic)
4 Simulation

4 2 1

10° 10°
PLR

(b) Average number of erroneous frames in a video sequence

10" 10°

Figure 5. (a) Average number of erroneous frames in a single GOP as a
function of p (lin-log scale). The inset plots the upper and lower bounds
of the total number of erroneous frames. (b) Average number of erroneous
frames in a video sequence with 62 GOPs as a function of p (log-log
scale). Both figures present the analytic results. The approximation of (16)
is verified with simulations in (b).

a statistic point of view, all results of individual packet loss
events and the resulting erroneous frames are bounded by
the two dotted curves.

In Fig. 5(b), we plot E [Y;,], E[Y ] and E[Y}7,] for a
video sequence with 62 GOPs (approximately 9.3 seconds).
As revealed from Fig. 5(b), equation (16) approximates
simulated results very well. On a log-log scale, E[Y,;,],
E[Y,,] and E [Y;7,] exhibit straight lines until the point of
p = 1073, conforming to the power law distribution (defined
as y = c-x% where c is a normalization constant). The
fitting parameter of a defines the slope of a curve. The fitting
curves in Fig. 5(b) allow us to predict the average number of
erroneous frames based on a and ¢ without employing (16).
However, the power law distribution fails to approximate the
curves if p > 1073. We see clearly that, less than 20% of
the frames (E [Y;},]) are affected by transmission errors up
to p = 1073, With p = 1072, around 80% of the frames are
affected. If p > 10~1, almost all frames are contaminated.

B. Comparing the B-frame structure with the IPPP mode

In this section, the performance of the hierarchical B-
frame structure is compared with the IPPP mode. As shown
in Fig. 6, the IPPP mode is more sensitive to packet loss
than the B-frame structure. This is because the IPPP mode
has lower compression efficiency compared to the B-frame
structure. A P-frame generally consists of more packets
than a B-frame. According to (11), larger ny incurs higher
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E[Y,,]

1 H
00 01 02 03 04 05

PLR

(a) Due to packet loss. (b) Due to frame dependency (b) Total no. erroneous frame

Figure 6. Average number of erroneous frames caused by packet loss (a),
frame dependency (b) and both (c) of the IBBB and IPPP structure. Figure
(b) and (c) are plotted on lin-log scale for easier reading.

frame error probability. Therefore, the IPPP mode is more
vulnerable to packet loss, especially with larger p.

The frame dependency of the B-structure is, by nature,
higher than the IPPP mode, as plotted in Fig. 6(b). The
maximal absolute difference between the two curves occurs
atp = 1072, where the inter-frame prediction in the B-frame
mode leads to one more erroneous frame than in the P-frame
mode. The total number of erroneous frames in Fig. 6(c)
is comparable between the IBBB and the IPPP structure.
The average absolute difference between the B-frame and
the P-frame mode is around 0.5, 0.7 and 0.2 frames in Fig.
6(a), (b) and (c) respectively. Considering the higher coding
efficiency of the IBBB structure, and the marginal difference
between the B- and P- frame mode against transmission
errors, the SVC IBBB hierarchical coding structure appears
to be a good candidate for video transmission in an error-
prone environment with random packet loss.

VI. CONCLUSION

This paper presents an exact analysis to examine the
impact of packet loss on the H.264 scalable video coding.
With a simple approximation, the model is extended to
predict the performance of a video sequence consisting of
multiple GOPs. Major conclusions from the performance
analysis are: 1) Frame dependency in SVC B-frame structure
is a dominant factor in propagating transmission errors with
packet loss rate p < 0.1. 2) The upper and lower bounds
obtained from the analysis suggests the worst and optimal
performance of individual loss events. In order to satisfy
users with the worst performance, it is important to look
at the upper bounds and thereafter enhance the robustness
of the bit-stream to be delivered under packet loss. 3)
When p < 1073, the average number of frames affected
by transmission errors can be approximated by the power
law distribution. To avoid drastic increment in the number
of erroneous frame, the packet loss rate should be controlled
as p < 1072 (depending on system requirements). 4) Despite
the hierarchical frame dependency, the overall performance
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of the B-frame structure is, in fact, comparable with the IPPP
mode under random packet loss.

Performance evaluation presented in this paper is based
on the number of frames affected by transmission errors.
Examining other metrics, such as the PSNR, that can prop-
erly reflect the pixel-level quality degradation is the focus of
our future work. The error propagation process investigated
in this paper can be directly employed to describe the inter-
frame motion compensation in the future model. Besides,
adapting the initial state vector s[0], the burst packet loss
process can be incorporated.
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