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ABSTRACT

Video streaming over wireless network has drawn a great
interest. In traditional wireless local area networks
(WLANS), when the number of the users and the number
of the flows increases, the contention for the wireless
channel will lead to packet loss and packet delay. In this
paper, we propose a centralized peer-to-peer video
streaming over hybrid wireless network to improve the
performance of the video transport over wireless Internet.
The base layer of the video is transported from the server
via the WLAN mode, which benefits the centralized
management of the video distribution, while the
enhancement layers are delivered over the multiple paths
via the ad hoc mode, which can reduce the congestion in
the access point (AP). The simulation results show that
our proposed scheme can achieve a better perceptual
video quality compared to the WLAN deployment.

1. INTRODUCTION

Streaming video over Internet has drawn a lot of attention
for its applications in numerous areas such as video on
demand (VOD), telemedicine, distance education, and
videoconference. The advances of the wireless
communication technology and the increasing computing
capacity of the mobile devices make video streaming over
the wireless Internet of great interest. Video transport

typically requires stringent bandwidth and delay guarantee.

However, most wireless networks installed today are
deployed as the wireless local area networks (WLANS),
where all the packets are forwarded by the access point
(AP). When the number of the users and the number of
the flows in the WLAN increases, the contention for the
wireless channel will lead to packet loss and packet delay,
which degrade video perceptual quality.

In this paper, we propose a centralized peer-to-peer
video streaming over hybrid wireless network to improve
the performance of the video transport over wireless
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Fig. 1. The centralized peer-to-peer video streaming over hybrid
wireless network

Internet. The hybrid wireless network is a combination of
the infrastructure network and the ad hoc network [1].
The proposed scheme is shown in Fig. 1. The video is
encoded into multiple layers, and pre-stored in the server.
When a mobile station (MS) requests a video from the
server, the server will first check if any MS in the
initiating cell caches the video content. We refer to the
MS, which caches the video content, as the super-peer. If
super-peer is found, it will be requested to transport the
enhancement layers to the requesting MS over multiple
paths via the ad hoc mode, while the server will transport
the base layer to the requesting-peer via the WLAN mode.
The advantages of our proposed scheme are: First, it
sustains a centralized management of the content
distribution. Second, it reduces the traffic contention in
the AP, hence increasing the system throughput and
decreasing the packet loss and delay in wireless network.
Some related work has been reported in the literature in
the video streaming and wireless hybrid network. The
centralized peer-to-peer video streaming over wired
Internet was proposed in [2]. Yang et al [3] investigated



the end-to-end architecture for video streaming from
wired Internet to wireless network, but the contention in
the AP wasn’t discussed in that paper. [1], [4] studied the
hybrid wireless network (also called mixed-mode wireless
network), which integrates the infrastructure network and
the ad hoc network. Voice application in hybrid wireless
network was discussed in [1], [5].

2. CENTRALIZED PEER-TO-PEER STREAMING
OVER HYBRID WIRELESS NETWORK

The centralized peer-to-peer video streaming over hybrid
wireless network aims to offload the traffic of the server
and release the congestion in the AP. The layer encoded
video streams are pre-stored in the server. Each video is
encoded into one base layer and several enhancement
layers. Some video coding schemes, such as fine
granularity scalability (FGS) and progressive fine
granularity scalability (PFGS) [6], can provide such
layered video streams.

The AP in our proposed scheme is responsible for not
only forwarding the packets, but also managing the
cached videos and the MSs in the local wireless network.
The AP maintains two tables: the video table and the MS
table.

The format of the video table is shown in Table 1. This
table indicates the video ID, video supplier, and the
corresponding video quality, which depends on the
number of the enhancement layers. Once a peer obtains a
video from outside or inside the local network, it will send
immediately a REGISTRATION message to the AP to
update the video table.

Each MS may move beyond AP’s transmit range or
may power off. Also, a new MS may join in the network.
Therefore, the AP needs to manage the status of each MS
in the local wireless network by the MS table, which is
shown in Table 2. Each MS sends an ALIVE message
periodically (e.g., every 5 s) via the WLAN mode to
inform the AP of its existence. If the AP doesn’t receive
the ALIVE message in a pre-determined interval (e.g., 20
s) from a MS, the AP will update the MS table by setting
the alive status of the MS to false. When a new MS joins
in, the AP will create a new entry in the MS table.

When a MS requests a video, it will send a SETUP
message to the server. The server will first validate the
authentication, authorization, and accounting (AAA) for
this request. If the request is valid, the server will look up
in its database to check if the requested video is available.
If available, the server will send a SEARCH message to
the AP of the initiating cell. Upon receipt of the SEARCH
message, the AP will look up in the video table and the
MS table to check if a super-peer is caching this video and
the super-peer is currently alive. If no such super-peer is
found, a negative acknowledgement (NACK) will be sent
back to the server, and then the server will transport the

base layer and the enhancement layers to the requesting
peer via the WLAN mode. If one or more active super-
peers are found, the AP will send a VERIFY message to
the best super-peer, which owns the best quality (highest
enhancement layer) of the video content. If the super-peer
is able and willing to provide a sufficient upload
bandwidth to stream the enhancement layers to the
requesting peer, it will feed back a positive
acknowledgement (ACK) to the AP. Then, the AP sends
an ACK to the server to inform the server to transport the
base layer to the requesting peer via the WLAN mode.
Meanwhile, the AP also sends an EL-START message to
the chosen super-peer to command it to transport the
enhancement layers to the requesting peer via the ad hoc
mode. If the super-peer leaves the cell or powers off
during the streaming period, the AP will be able to detect
the disappearance of the super-peer by checking the MS
table periodically. In that case, the AP will assign another
super-peer to transport the remaining video content. This
is called the hand-off among super-peers. If the requesting
peer stops the video transmission, it will send a
TERMINATION message to the AP, which will forward
this message to the server informing the stop of the base
layer transmission, and also forward this message to the
super-peer to terminate the transport of the enhancement
layers. If the AP detects the disappearance of the
requesting peer during the streaming, the AP will generate
the TERMINATION message and send it to the server
and the super-peer.

Table 1. Format of the video table in the AP

Video ID MS ID Number of Enhancement Layers
M002 4
000l MO005 3
0002 MO003 3

Table 2. Format of the MS table in the AP

MS ID Is Alive | Time of Last ALIVE message
M002 True 05:03:23
MO003 False 02:06:21
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Fig. 2. Flowchart: the server transports the base layer, and the
super-peer transports the enhancement layers, respectively




Fig. 2 shows the flowchart in the case where the server
transports the base layer, and the super-peer transports the
enhancement layers, respectively.

In our proposed scheme, the super-peer transports the
enhancement layers to the requesting peer over multiple
paths via the ad hoc mode. Several on-demand multi-path
routing protocols have been proposed in the literature,
such as ad hoc on-demand multi-path distance vector
routing (AOMDV) [7], and split multi-path routing (SMR)
[8]. After the super-peer obtains the multiple paths to the
destination from the route discovery, it will allocate the
traffic of the enhancement layers over these multiple paths.
The allocation policies we proposed are: First, the
enhancement layer 1 has the lowest bit rate and the
highest priority among the enhancement traffic, thus it is
copied to every available path and redundantly delivered
to the destination. Second, the paths are prioritized based
on the packet loss ratio and delay. The traffic of the rest
enhancement layers is split into several streams according
to the number of the paths available. In order to reduce the
drifting error in every group of pictures (GOP), we
allocate the stream of the first several frames in the GOP
over a higher-prioritized path, and the stream of the
frames in the end of the GOP over a lower-prioritized path.

3. SIMULATION RESULTS

We evaluate the performance of the centralized peer-to-
peer video streaming over hybrid wireless network using
network simulation version 2 (NS2) [9].

We put 1 AP and 15 MSs in a square region of 600m x
600m. The AP is placed in the center of the region, and
each MS is randomly placed in the region initially. The
mobility of the MS follows a simplified version of the
random waypoint model, where each MS chooses a
random destination in the region, and then moves towards
it at a constant speed, which is uniformly distributed
between 0m/s and 5.0m/s. Once the destination is reached,
the MS will move towards another randomly chosen
destination after a pause of 1.0 s.

We use the IEEE 802.11 protocol in the media access
control (MAC) working in distributed coordination
function (DCF). The two-ray reflection model is used to
simulate the radio propagation. Each node has a
transmission range of 250m, and a MAC data rate of 2
Mbps. UDP packets are used to deliver the video streams,
and all the packet sizes are set to 512 bytes.

Among the 15 MSs, we choose one as the requesting
peer, and the requesting peer never goes out of the range
of the AP in the simulation. Since any of the other MSs
may own the best quality of the requested video, we
randomly choose one as the super-peer from the left 14
MSs. The base layer is transported from a wired node to
the requesting peer via the WLAN mode. All other MSs
randomly generate 5 pairs of background sessions. Each

background session has a continuous bit rate (CBR) of
0.2Mbps, and starts at a random time in the simulation.

We compare the performances of the peer-to-peer video
streaming among three scenarios. In scenario 1 (WLAN),
enhancement layers are transported via the WLAN mode
from the super-peer to the requesting peer. All the
background sessions also run in the WLAN mode. In
scenario 2 (hybrid with 1 path), enhancement layers are
delivered via the ad hoc mode, and only one path is
established between the sender and the destination. Ad
hoc on-demand distance vector (AODV) routing protocol
[10] is applied in this scenario. Scenario 3 (hybrid with 2
paths) represents our proposed scheme. In scenario 3, the
enhancement layers are transported over two maximally
disjoint paths from the super-peer to the requesting peer.
The AOMDV [7] multi-path routing protocol is used in
this scenario.

Table 3. Comparison of average packet-loss-ratio

Scenario Layer Packet-Loss-Ratio
Base 29.0%
WLAN Enhancement 58.7%
Hybrid with Base 0
1 path Enhancement 45.0%
Hybrid with Base 0
2 paths Enhancement 37.6%

We use PFGS [3] codec to encode the video sequences
into one base layer and three enhancement layers. The
length of the GOP is 15 frames with one I frame and 14 P
frames. The CBR bit-rate for base layer is 0.2Mbps, and
the CBR bit-rate for the enhancement layers is 1.5Mbps.
The 300-frame sequence is transported within 10 s. In
scenario 1 (WLAN) and scenario 2 (hybrid with 1 path),
three enhancement layers are interleaved into one stream
with a one-frame interval. In scenario 3 (hybrid with 2
paths), enhancement layer traffic is split into two streams
and delivered over two paths. In order to reduce the
drifting error, we allocate the enhancement packets of the
first 7 frames in every GOP into the better path (e.g., with
less packet-loss-ratio) and those of the rest 8 frames into
the other path.

The average packet-loss-ratios in 10 runs for three
scenarios are shown in Table 3. In WLAN scenario, all
the packets compete for the common channel, which leads
to a larger packet loss in both base layer and enhancement
layers. While in hybrid wireless network, enhancement
layers are transported via the ad hoc mode, which reduces
the congestion in the AP. The loss of enhancement
packets in hybrid wireless network is due to the channel
contention from the dynamic background traffic during
the streaming. It can be seen that our proposed scheme
(hybrid with 2 paths) has the least packet-loss-ratio among
three scenarios.
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Fig. 4. Comparison of the reconstructed frames (a) WLAN, (b)
Hybrid with 1 path, (c) Hybrid with 2 paths, (d) Original frame

Table 4. Comparison of the average PSNRs

Average PSNR (dB)
Sequence Hybrid with Hybrid with
WLAN 1 path 2 paths
Foreman 6.87 29.08 29.43
Akiyo 7.98 32.51 32.93
News 5.76 29.61 30.07

Fig.3 shows the peak-signal-to-noise-ratio (PSNR)
comparison for Foreman CIF sequence. No channel
coding is applied in the three scenarios. If the base layer
packet is lost or corrupted, the PSNR of this frame will go
down to 0. We can see that in WLAN scenario, about
75% of the frames cannot be reconstructed (PSNR=0) due
to the loss of the base layers and the error propagations. In
hybrid scenarios, all the base layer packets are correctly
received, which guarantees an acceptable video quality.
Our proposed scheme outperforms the other two schemes
with a higher PSNR.

Fig.4 shows the comparison of the reconstructed No.62
frame. It can be seen that the perceptual quality of the
decoded frame in our proposed scheme is better than
those in the other schemes.

Table 4 compares the average PSNRs of the
reconstructed videos in the three schemes for difference
sequences, respectively. In the WLAN scenario, the
average PSNR is very low due to a higher packet-loss in
the base layer. The result shows that our proposed scheme
can achieve a better perceptual video quality.

4. CONCLUSIONS

In this paper, we proposed a centralized peer-to-peer
video streaming over hybrid wireless network to improve
the performance of the video transport over wireless
Internet. The base layer of the video is transported from
the server via the WLAN mode, which benefits the
centralized management of the video distribution, while
the enhancement layers are delivered over the ad hoc
multiple paths to reduce the congestion in the AP. The
simulation results show that our proposed scheme can
achieve a better perceptual video quality compared to the
WLAN scheme.

5. REFERENCES

[1] R.S. Chang, W.Y. Chen, and Y. F. Wen, “Hybrid wireless
network protocols”, in [EEE Transaction on Vehicular
Technology, Vol. 52, No. 4, pp. 1099—1109, Jul. 2003.

[2] I Lee and L. Guan, “Centralized peer-to-peer streaming
with layered video”, in Proc. IEEE ICME, Vol. 1, pp. I-513—I-
516, May 2003.

[3] F. Yang, Q. Zhang, W. Zhu, and Y. —Q. Zhnag, “End-to-
end TCP-friendly streaming protocol and bit allocation for
scalable video over wireless Internet”, in IEEE Journal on
Selected Area in Communications, Vol. 22, No. 4, pp. 777—790,
May 2004.

[4] J. Chen, S. H. Chan, J. Y. He, and S. C. Liew, “Mixed-
mode WLAN: the integration of ad hoc mode with wireless
LAN infrastructure”, in Proc. IEEE GLOBECOM, Vol. 1, pp.
231-235, Dec. 2003.

[5] M. He, T. D. Todd, D. Zhao, and V. Kezys, “Ad hoc
assisted handoff for real-time voice in IEEE 802.11
infrastructure WLANSs”, in Proc. IEEE WCNC, Vol. 1, pp.
201—206, Mar. 2004.

[6] F.Wu, S.Li, and Y. -Q. Zhang, “A framework for efficient
progressive fine granularity scalable video coding”, in /EEE
Transaction on Circuits and Systems for Video Technology, Vol.
11, No. 3, pp. 332—344, Mar. 2001.

[77] M. K. Marina and S. R. Das, “On-demand multipath
distance vector routing in ad hoc networks”, in Ninth
International Conference on Network Protocols, pp. 14—23, Nov.
2001.

[8] S. -J. Lee and M. Gerla, “Split multipath routing with
maximally disjoint paths in ad hoc networks,” in Proc. IEEE
ICC, pp. 3201-3205, Jun. 2001.

[9] NS-2: network simulator. http://www.isi.edu/nsnam/ns/.
[10] C. E. Perkins, E. M. Royer, and S. R. Dos, “Ad hoc on-
Demand Distance Vector (AODV) Routing”, [ETF Internet
Draft (draft-ietf-manetaodv-06.txt), Jul. 2000.


http://www.isi.edu/nsnam/ns/

	Index
	ICME 2005

	Conference Info
	Welcome Messages
	Venue Access
	Committees
	Sponsors
	Tutorials

	Sessions
	Wednesday, 6 July, 2005
	WedAmOR1-Action recognition
	WedAmOR2-Video conference applications
	WedAmOR3-Video indexing
	WedAmOR4-Concealment &amp; information recovery
	WedAmPO1-Posters on Human machine interface, interactio ...
	WedAmOR5-Face detection &amp; tracking
	WedAmOR6-Video conferencing &amp; interaction
	WedAmOR7-Audio &amp; video segmentation
	WedAmOR8-Security
	WedPmOR1-Video streaming
	WedPmOR2-Music
	WedPmOR3-H.264
	WedPmSS1-E-meetings &amp; e-learning
	WedPmPO1-Posters on Content analysis and compressed dom ...
	WedPmOR4-Wireless multimedia streaming
	WedPmOR5-Audio processing &amp; analysis
	WedPmOR6-Authentication, protection &amp; DRM
	WedPmSS2-E-meetings &amp; e-learning -cntd-

	Thursday, 7 July, 2005
	ThuAmOR1-3D
	ThuAmOR2-Video classification
	ThuAmOR3-Watermarking 1
	ThuAmSS1-Emotion detection
	ThuAmNT1-Expo
	ThuAmOR4-Multidimensional signal processing
	ThuAmOR5-Feature extraction
	ThuAmOR6-Coding
	ThuAmSS2-Emotion detection -cntd-
	ThuPmOR1-Home video analysis
	ThuPmOR2-Interactive retrieval &amp; annotation
	ThuPmOR3-Multimedia hardware and software design
	ThuPmSS1-Enterprise streaming
	ThuPmNT1-Expo -cntd-
	ThuPmOR4-Faces
	ThuPmOR5-Audio event detection
	ThuPmOR6-Multimedia systems analysis
	ThuPmOR7-Media conversion
	ThuPmPS2-Keynote Gopal Pingali, IBM Research, &quot;Ele ...

	Friday, 8 July, 2005
	FriAmOR1-Annotation &amp; ontologies
	FriAmOR2-Interfaces for multimedia
	FriAmOR3-Hardware
	FriAmOR4-Motion estimation
	FriAmPO1-Posters on Architectures, security, systems &a ...
	FriAmOR5-Machine learning
	FriAmOR6-Multimedia traffic management
	FriAmOR7-CBIR
	FriAmOR8-Compression
	FriPmOR1-Speech processing &amp; analysis
	FriPmSS1-Sports
	FriPmOR2-Hypermedia &amp; internet
	FriPmOR3-Transcoding
	FriPmPO1-Posters on Applications, authoring &amp; editi ...
	FriPmOR4-Multimedia communication &amp; networking
	FriPmOR5-Watermarking 2
	FriPmSS2-Sports -cntd-
	FriPmOR6-Shape retrieval


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

	Papers
	Papers by Session
	All papers
	Papers by Topic

	Topics
	1 SIGNAL PROCESSING FOR MEDIA INTEGRATION
	1-CDOM Compressed Domain Processing
	1-CONV Media Conversion
	1-CPRS Media Compression
	1-ENCR Watermarking, Encryption and Data Hiding
	1-FILT Media Filtering and Enhancement
	1-JMEP Joint Media Processing
	1-PROC 3-D Processing
	1-SYNC Synchronization
	1-TCOD Transcoding of Compressed Multimedia Objects
	2 COMPONENTS AND TECHNOLOGIES FOR MULTIMEDIA SYSTEMS
	2-ALAR Algorithms/Architectures
	2-CIRC Low-Power Digital and Analog Circuits for Multim ...
	2-DISP Display Technology for Multimedia
	2-EXTN Signal and Data Processors for Multimedia Extens ...
	2-HDSO Hardware/Software Codesign
	2-PARA Parallel Architectures and Design Techniques
	2-PRES 3-D Presentation
	3 HUMAN-MACHINE INTERFACE AND INTERACTION
	3-AGNT Intelligent and Life-Like Agents
	3-CAMM Context-aware Multimedia
	3-CONT Presentation of Content in Multimedia Sessions
	3-DIAL Dialogue and Interactive Systems
	3-INTF User Interfaces
	3-MODA Multimodal Interaction
	3-QUAL Perceptual Quality and Human Factors
	3-VRAR Virtual Reality and Augmented Reality
	4 MULTIMEDIA CONTENT MANAGEMENT AND DELIVERY
	4-ANSY Content Analysis and Synthesis
	4-AUTH Authoring and Editing
	4-COMO Multimedia Content Modeling
	4-DESC Multimedia Content Descriptors
	4-DLIB Digital Libraries
	4-FEAT Feature Extraction and Representation
	4-KEEP Multimedia Indexing, Searching, Retrieving, Quer ...
	4-KNOW Content Recognition and Understanding
	4-MINI Multimedia Mining
	4-MMDB Multimedia Databases
	4-PERS Personalized Multimedia
	4-SEGM Image and Video Segmentation for Interactive Ser ...
	4-STRY Video Summaries and Storyboards
	5 MULTIMEDIA COMMUNICATION AND NETWORKING
	5-APDM Multimedia Authentication, Content Protection an ...
	5-BEEP Multimedia Traffic Management
	5-HIDE Error Concealment and Information Recovery
	5-QOSV Quality of Service
	5-SEND Transport Protocols
	5-STRM Multimedia Streaming
	5-WRLS Wireless Multimedia Communication
	6 SYSTEM INTEGRATION
	6-MMMR Multimedia Middleware
	6-OPTI System Optimization and Packaging
	6-SYSS Operating System Support for Multimedia
	6-WORK System Performance
	7 APPLICATIONS
	7-AMBI Ambient Intelligence
	7-CONF Videoconferencing and Collaboration Environment
	7-CONS Consumer Electronics and Entertainment
	7-EDUC Education and e-learning
	7-SECR Security
	7-STAN Multimedia Standards
	7-WEBS WWW, Hypermedia and Internet, Internet II

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using the Acrobat Reader
	Configuration and Limitations

	Copyright
	About
	Current paper
	Presentation session
	Abstract
	Authors
	Yifeng He
	Ivan Lee
	Xijia Gu
	Ling Guan



