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Abstract—In this paper, a packet loss model aimed at H.264
video transmission over IEEE 802.11g Wireless LANs is de-
veloped. The work was performed in the context of the EU
FP6 WCAM project. Loss patterns are first generated from
measured data, and a methodology evaluation is performed with
emphasis given to the burst order ko. The proposed Gilbert-
Elliot model is a two state Markov chain approach whose validity
has been investigated by comparing the transition probabilities,
o and [, and the burst length probability density function
from measured and modelled data for various ko. In order
to generate an accurate model, a novel iterative approach is
used to determine the most appropriate value of ko, comparing
original and generated loss pattern signatures. Loss patterns
are then generated for various scenarios using the Gilbert-Elliot
model with the chosen parameters. The model enables H.264
robustness strategies to be evaluated in terms of error resilience
and sensibility to packet loss.

I. INTRODUCTION

The EU FP6 WCAM (Wireless Cameras and Audio-Visual
Seamless Networking) project aims to study, develop and
validate a wireless, seamless and secure end-to-end networked
audio-visual system for video surveillance and multimedia
distribution applications [1]. The OFDM-based IEEE802.11g
[2] standard at 2.4GHz has been chosen for the physical layer
alongside the IEEE 802.11 Medium Access Control layer
(MAC) [2]. This paper describes the generation of packet
loss patterns from measurement data obtained from a trial site
selected for WCAM. The work also characterises packet loss
behaviour and develops a model for use in the testing of robust
H.264 video transmission.

Wireless channels are known to generate bursty errors [3].
Erroneous data packets are not available above the IEEE
802.11 MAC layer, since the MAC drops corrupted packets.
With a UDP/IP transmission link based on the 802.11 MAC,
lost packets at the application layer have several origins: i)
channel errors that the MAC layer ARQ can not mitigate, ii)
congestion when the incoming packet rate is unable to be sent
and iii) collision when the WLAN co-exists with other devices
operating in the same frequency band.

In this paper, packet loss behaviour is studied and modelled
from measurement based statistics. The paper is organised as
follows. Section II describes the measurements. An evaluation
methodology of the measured loss patterns is presented in
section III. The proposed Gilbert-Elliot model is detailed
in section IV and validated in V. Section VI describes the
loss pattern generation based on the proposed model. Video

transmission simulations are introduced in section VII. Finally,
section VIII concludes the paper.

II. MEASUREMENT PLATFORM

The measurement platform consists of a client/server soft-
ware pair running on two Windows XP based laptops con-
nected in ad-hoc mode using PC card based IEEE 802.11b/g
units. The client/server software pair has been developed
by ProVision Communications Ltd [4] using Visual Studio
6.07M and includes the UDP/IP stack implemented using
Microsoft™ Winsock32 API Version 2. The software im-
plements an RTP-like layer after the application layer with
a 16 byte header. One laptop implements the static server
while the other implements the static (or mobile) client used
to collect the transmission statistics as log files. Logged data
is recorded at the RTP-like layer, hence after the MAC ARQ
process, and includes cross-layer parameters such as packet
delay, RSSI, transmission mode, application throughput and
jitter. The maximum number of MAC ARQs is set in the
WLAN card to 32. However, the actual number of ARQs
a packet encounters is not known and will depend on the
channel and traffic conditions. A packet counter in the RTP-
like header allows us to determine which packets are missing
at the application layer and to generate loss patterns with “0”
meaning that the packet has been received and “1” that the
packet is missing. Six data sets were gathered including static,
mobile and range test measurements with UDP transmissions
for different packet sizes and transmission rates. This results in
a total of 46 loss patterns covering a broad range of scenarios.

III. EVALUATION METHODOLOGY
A. Burst Definition

A packet loss-free burst of order ko is observed in the
loss pattern when at least ko consecutive packets are correctly
received. A packet loss burst order kg starts and finishes with
a missing packet (“1”) and is composed of at most kg — 1
consecutive received packets [3].

B. Indicator Sequences

Measurements and error patterns are traditionally evaluated
using indicator sequences [5], [6]. Using the previous def-
initions, a packet loss indicator sequence (PLIS) i¢iy...10m
of length m is segmented into p alternating packet loss-free
bursts and packet loss bursts. The PLIS is represented by:
PLIS = (Xj}/ij)j:O...p—l ) where



o X; is the length of the j*" packet loss-free burst
Y} is the length of the 4t packet loss burst
e Zj; is the actual number of “1s” inside the packet loss
burst.
X;,Y; and Z; are ko dependent. Figure 1 shows an example
of this PLIS representation with ky = 1 and kg = 2.
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Fig. 1. Example of Packet Loss Indicator Sequence

From this representation, the data statistics can be derived
and are detailed in table I. Probability Density Functions
(PDF) of burst length duration d can also be derived for loss
and loss-free bursts, PDF’h(d) and PDF]"(d) respec-
tively. The probability that packet 1+ 1 is in a loss burst given
that packet ¢ is in a loss burst and the probability that packet
1+ 1 is in a loss-free burst given that packet ¢ is in a loss-free
burst can be computed and are represented as 3,5 and ap s
respectively. Note that these statistics are all ko dependent.

TABLE 1
PLIS STATISTICS
Name Notation Formula
p—1
Tz,
Average. PER PERmsr | 5= =
> (X;4Y5)
Jj=0
_ 1 P= 1
Average loss free duration X 5 X X;
Jj=0
_ p—1
Average loss duration Y % X Y;
7=0
Loss Density dioss(J) TJ
J

C. Interpretation

The methodology and the results depend highly on the
definition of kg, as shown in figure 2 for a particular static
scenario. A common approach for packet loss is to use kg = 1
[3], [6]. However, a small k( allows very few packets to be
received in a loss burst, leading to an average loss density close
to one. This does not depict accurately the bursty behaviour
of the channel, where packets might be received among many
lost packets, especially if ARQ is used. As kg increases, more
packets are allowed to be received in a loss burst, decreasing
the loss density. A large k¢ induces large bursts and provides
a too general view of the bursty characteristics. The choice of
ko is therefore critical. The average loss density (figure 2(b))
provides an overall distribution of loss density and an accurate
numeric trace of the burstiness of the channel for a large range
of burst orders. This data provides a useful signature of the
observed packet loss patterns.
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Fig. 2. Influence of ko on bursts statistics

IV. GILBERT-ELLIOT MODEL

A common model used to characterise bursty channel be-
haviour is the Gilbert model [7], [8], based on a discrete two-
state Markov Chain as shown in figure 3. When the channel is
in the “Good” state, there are very few packet losses, whereas
when the channel is in the “Bad” state, many packets are
lost. Packet losses in the bad and good states are independent
and occur with rates PERy,q and PER ;504 respectively. The
Gilbert-Elliot model is a simplified version of the Gilbert
model where all the packets are received correctly when the
system is in the good state, leading to PER ;504 = 0.

Fig. 3.

Gilbert Elliot loss model

The Gilbert-Elliot model is characterised by its transition
matrix, which is composed of transition probabilities from one
state to another: Pyq, Py, Py and Pyy,. For the remainder of
this paper, the probabilities of staying in the good and bad
states Pyq and Py, are noted as o and By, respectively.
The average packet loss is given by [9]:

1- QAmkv
2 — (amkv + ﬁmkv)
Table II details various statistics of the model [9], [10].

PERmkv = PERbad X (l)

V. MODEL VALIDATION

In this section, for a given value of kg, the validity of
the corresponding Gilbert-Elliot model for the packet loss



TABLE II
GILBERT-ELLIOT STATISTICS

Name Notation Formula
- T

Average loss free duration Tyo0d(d) TE——

Average loss duration Thaa(d) %

—Bmky

PDF of bad burst length PDEPE(d) | 870 % (1 = Brukw)

mky
PDF of good burst length | PDF™FY(d) ai;kb X (1 — Qmkw)

good

model at the UDP layer is studied. Table III summarises the
parameters that need to be identified using PLIS in order
to define the proposed model. PER ;.04 is equal to 0 and
PERy,q is assumed to be the average loss density. Moreover,
these parameters are ky dependent.

TABLE III
STATISTICS PARAMETERS IDENTIFICATION WITH PLIS
Loss Probabilities

Transition Probabilities

Qmky =1 — 1/X
Bmkv =1 — 1/Y

PERg60q4 =0
p—1 p—1
PERpwa = Y. Zj/ OYj

j=0 J

For a particular kg, we compare the measured and modelled
o, [, average PER, PDFy,,q and PDFqq. The error
distance used is the log square error (LSE) defined by:

LSE = (log(Pm;w) - log(Pmsr))2 (2)

where P,,s. and P, are the parameters under study.
Figures 4(a), 4(b) and 4(c) show the model validation as a
function of kg in terms of the LSE of «, 3 and PER for one
of our measurement routes. Figure 4(d) shows a comparison
between the measured and modelled cumulative PDFs of
packet loss free length for a static case. It can be seen that
the proposed model statistics are very close to the measured
values. The PER LSE is always smaller than 2 x 10~° and
the values of LSE for o and /3 are near zero. Moreover, the
cumulative PDF for the packet loss-free length of the proposed
model follows closely the measured PDF. Similar results were
obtained for the packet loss burst and for all other scenarios.
The Gilbert-Elliot model appears to represent an appropriate
model for the received packet and packet loss mechanisms in
a UDP transmission based on the IEEE 802.11g PHY.

VI. LOoSS PATTERN GENERATION

In this section, loss patterns are generated using the model
developed in the previous section. Markov parameters are
extracted from the measurements for each value of k( using
PLIS and table III.

A. Determination of kg

The statistics of table III are kg dependent. In order to
generate the most accurate model, a novel iterative approach
is used here to determine the most appropriate kq. Previous
studies in the literature [5], [6] did not provide a justified
choice of kg. In our new approach, the generated pattern from
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Fig. 4. Model Validation (a-b-c): route, Data 7, 300 bytes at 2000 kbits/s;
(d): static, Data 11, 600 bytes at 2000 kbits/s

the model should provide a similar signature to the measured
original. For each measured loss pattern, the original signature
is computed. With the iterative algorithm, for each ko of
the original signature, a loss pattern is generated with the
Gilbert-Elliot model using their respective «, 3 and PERpqq
parameters. Its signature is computed and compared with the
original signature using the mean LSE. The &k that minimises
the mean LSE provides the closest signature to the original
and this then determines the chosen value of k. For statistical
purposes, 20 loss patterns are generated for each k¢ value and
the mean LSE is then computed over this set. Figure 5 shows
examples of these signatures for different kq values. Clearly,
for this specific scenario, ko = 400 provides the closest match.
This is illustrated with the mean LSE on figure 5(b), where the
minimum mean LSE is reached for a kg value of around 300-
400. kp has been determined for each measurement scenario
in a similar manner.

B. Gilbert-Elliot Parameters

Once the appropriate ko is determined, the appropriate
Markov parameters can be extracted. Table IV gives a sample
of 1 —a, 1 -3, PERp,q and the corresponding PE R, to use
for further generation of loss patterns for a route measurement.
On a first approximation, losses occur in the loss burst with
a uniform distribution and with a probability equal to the loss
density. A more advanced approach would be to consider a
loss model in the bad state that uses a similar two state-model.
This approach is not explored further in this paper.

VII. VIDEO TRANSMISSION

The previous study provides us with an error modelling tool
for evaluating the error resilience H.264 [11] using channel
statistics derived from on-site measurements. Here, we provide
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TABLE IV
DATA 7
Scenario 11—« 1-p PERpqq PERg,
500kbits/s - 300 bytes 7.43e-04 | 4.92¢-03 1.97e-02 2.58e-03
500kbits/s - 1200 bytes 2.90e-03 2.89e-02 1.14e-01 1.04¢-02
2000kbits/s - 300 bytes 2.50e-04 | 2.49e-03 1.66e-02 1.51e-03
2000kbits/s - 1200 bytes | 7.30e-04 | 6.79e-03 4.12¢-02 4.00e-03

an example of the use of generated patterns by comparing two
different concealment methods: i) previous frame copy (PFC)
and ii) advanced concealment (AEC) from the H.264 reference
software [12]. We also compare enhanced concealment tech-
niques developed in [13] (EECMS). Figure 6 compares the
PSNR of the received hall and foreman sequences encoded
at 2000kbits/s and with a 300 byte packet length for a static
transmission using the three previous techniques. From figure
6, it can be seen that the EECMS provides better concealment
than the AEC and the PFC. Using our generated packet loss
patterns we can perform more accurate evaluations of the
various resilience and robustness options (compared to the
common assumption of uniform packet loss).

VIII. CONCLUSIONS

In this paper, packet loss behaviour was characterised and
loss patterns extracted from measurement data. The measure-
ment platform and the method developed to extract the loss
patterns were described. The burst order ko was shown to
be a key parameter in the definition of a loss/loss-free burst
model and its choice was shown to be critical. The average
density loss within a loss burst was considered as a signature of
the loss pattern. It provides a useful approach to characterise
the observed bursty channel behaviour. For a given kg, the
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Fig. 6. Example of the use of generated pattern: PSNR comparison for H.264
Error Concealment Algorithm, PER = 2 x 1073

proposed Gilbert-Elliot model was validated by comparing
the transition probabilities from the measurements and the
model, as well as the probability density functions. In order to
generate accurate Gilbert-Elliot loss patterns, the appropriate
value of ko was determined using a new iterative approach that
compared the signature of the observed original pattern with

that

of the synthetically generated patterns. This provided us

with an accurate and numerically justified choice of k. The
resulting model provides us with a powerful tool to evaluate
new error resilience video coding techniques.

ACKNOWLEDGMENT

The work was performed as part of the European Union
FP6 WCAM project.

(1

(2]

B3]

(4]

(3]

(6]
(7]
(8]
[

[10]

[11]

[12]

[13]

REFERENCES

Dimitris Agrafiotis, Tuan Kiang Chiew, Pierre Ferré, Andrew Nix, and
David Bull. Seamless Wireless Networking for Video Surveillance
Applications. In SPIE, Electronic Imaging, San Jose, Jan. 2005.

IEEE Std 802.11g; Part 11: Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) Specifications: Further High-Speed
Physical Layer in the 2.4Ghz Band, d1.1, 2001.

Andreas Willig, Martin Kubisch abd Christian Hoene, and Adam Wolisz.
Measurements of a Wireless Link in an Industrial Environment using
an IEEE 802.11-Compliant Physical Layer. In [EEE Transactions on
Industrial Electronics, volume 49-6, Dec. 2002.

Tuan Kiang Chiew, Pierre Ferré, Dimitris Agrafiotis, Araceli Molina,
Andrew Nix, and David Bull. Cross-Layer WLAN Measurement
and Link Analysis for Low Latency Error Resilient Wireless Video
Transmission. In /CCE, Las Vegas, Jan. 2005.

D.Nicholson, C. Lamy-Bergot, and X. Naturel. Transmission of JPEG
2000 images over a DRM system: error patterns and modelisation of
DRM channels. Technical report, ISO/IEC-JPEG2000 Part11, Oct. 2003.
Andreas Willing. Investigations on MAC and Link Layer for a wireless
PROFIBUS over IEEE 802.11. PhD thesis, T.U Berlin, May 2002.
E.N. Gilbert. Capacity of a burst-noise channel. In Bell System Technical
Journal, volume 39, Sept. 1960.

E.O Elliot. Estimates of error rates for codes on burst-noise channels.
In Bell System Technical Journal, volume 42, Sept. 1963.

Pierre Ferré, Tuan Kiang Chiew, Andrew Nix, and David Bull. EU
FP6 WCAM: Packet Loss Modeling for IEEE 802.11g Wireless LANs
- Draft v1. Technical report, University of Bristol, Nov. 2004.
Lawrence R. Rabiner. A Tutorial on Hidden Markov Models and
Selected Applications in Speech recognition. In Proceedings of the
IEEE, volume 77-2, Febr. 1989.

Joint Video Team (JVT) ISO/IEC MPEG ITU-T VCEG. Final Draft
International Std of Joint Video Specification (ITU-T Rec. H.264 -
ISO/IEC 14496-10 AVC), March 2003.

Karsten Sithring. H.264/AVC Software Coordination. http://bs.
hhi.de/"suehring/tml/.

Dimitris Agrafiotis, David Bull, Tuan Kiang Chiew, Pierre Ferre, and
Andrew Nix. Enhanced Error Concealment for Video Transmission over
WLANS. In WIAMIS, Montreux, Apr. 2005.



	Index
	Conference Info
	Welcome Message
	Venue
	Sponsors
	Committees

	Sessions
	Wednesday, 13 April, 2005
	WedAmOR1-Special Session on Video Surveillance I
	WedAmOR2-Special Session on Semantic Multimodal Analysi ...
	WedAmOR3-Special Session on Video Surveillance II
	WedAmOR4-Special Session on Semantic Multimodal Analysi ...
	WedPmOR1-Special Session on Semantic Multimedia Analysi ...
	WedPmOR2-Face Detection and Recognition I
	WedPmOR3-Special Session on Semantic Multimedia Analysi ...
	WedPmPO1-Posters I

	Thursday, 14 April, 2005
	ThuAmOR1-Video Coding and Transmission
	ThuAmOR2-Audio-Visual Processing
	ThuAmOR3-Special Session on Mixed and Augmented Reality
	ThuAmOR4-Special Session on Real-Time Object Tracking:  ...
	ThuPmOR1-Special Session on Universal Multimedia Access ...
	ThuPmOR2-Special Session on Media Security
	ThuPmPO1-Posters II
	ThuPmOR3-Face Detection and Recognition II

	Friday, 15 April, 2005
	FriAmOR1-Search and Retrieval
	FriAmOR2-Analysis and Classification I
	FriAmOR3-Special Session on Personalised Knowledge Syst ...
	FriAmOR4-Watermarking
	FriPmOR1-Special Session on 3D Reconstruction and Rende ...
	FriPmOR2-Analysis and Classification II
	FriPmOR3-Special Session on 3D Reconstruction and Rende ...
	FriPmPO1-Posters III


	Authors
	All authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	Ó
	P
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Papers
	Papers by Session
	All papers
	Papers by Topic

	Topics
	Multimedia content analysis and understanding
	Content generation and manipulation
	Content-based browsing, indexing and retrieval of image ...
	2D/3D feature extraction
	Advanced descriptors and similarity metrics for audio a ...
	Relevance feedback and learning systems
	Supervised and unsupervised segmentation of objects in  ...
	Identification and tracking of regions in scenes
	Voice/audio assisted video segmentation
	Analysis for coding efficiency and increased error resi ...
	Analysis and understanding tools for content adaptation
	Multimedia content adaptation tools, transcodingand tra ...
	Content summarization and personalization strategies
	Data hiding and copyright protection of multimedia cont ...
	Semantic mapping and ontologies
	Multimedia analysis for advanced applications
	Multimedia analysis for surveillance, broadcasting, mob ...
	Knowledge-Assisted Multimedia Analysis
	Semantic Web and Multimedia

	Search
	Help
	Browsing The Conference Content
	The Search Functionality
	Acrobat Query Language
	Using Acrobat Reader
	Configurations And Limitations

	About
	Current paper
	Presentation session
	Abstract
	Authors
	David BULL
	Andrew NIX
	Angela DOUFEXI
	Tuan Kiang Chiew
	Dimitris AGRAFIOTIS
	Pierre FERRE



