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ABSTRACT interactive VoD. The Near VoD (NVoD) system was pro-
posed to provide video distribution for the one-way cable
broadcasting system. However, only tens of movies can be
provided with the limited number of channels. The users
must wait for a substantial amount of time, say, 15 minutes,
to start viewing a movie. Some methods were proposed to
ﬁjroadcast the former segments of the video more frequently
an the latter segments to reduce the waiting time [1, 2, 3].
It can only improve the waiting time if the viewer watches
the video from the beginning, but one cannot jump to the
middle of a video without initiating a separate video stream.

A video distribution architecture with edge stations and Wi-
Fi delivery networks as connection to residential homes is
described in this paper. An edge station is configurable and
controllable by a central server. It is placed in the access
point of Wi-Fi networks and has multiple usages. Due to
its large storage space it can be used as a mirroring/cachin
proxy for continuous media. Replicating popular video con-
tents in many small mirroring sites can significantly reduce
the network bandwidth requirement. When this structure is
used with a cable or Hybrid Fiber/Coax (HFC) network, it
turns to be a Hybrid Fiber/Coax/Wi-Fi (HFCW) structure, Wi-Fi provides up to 54 Mbps bandwidth with IEEE
particularly suitable for Video-on-Demand (VoD) applica- 802.11a standard [4] which is good enough for future ap-
tions. There are many advantages of this architecture. Firstplications such as VoD and video conferencing. A typical
the central server load and network traffic can be reducedcoverage area of a Wi-Fi has a diameter of 100 meters. With
to a small percentage_ Second, the response time of mos@n antenna, it is able to transmit data up to5 kilometers,
video playing requests can be significantly reduced. Third, which is able to cover hundreds of single houses. Thus, itis
true VoD can possibly be provided with a one-way cable an ideal networking scheme for residential access networks
system. Finally, noise from STBs (Set-Top Boxes) is ab- With high bandwidth and low cost.

sorbed by the edge station in a two-way cable system. Mirroring is a general approach to minimizing the re-
sponse time for a request [5, 6]. It also reduces the net-
1. INTRODUCTION work traffic. Normally, a mirroring site serves thousands of

customers or more. It is not a common practice to place a

Rapid advances in computer, storage and network technoloMirroring site for a small number of clients. The Content
gies make it feasible and imperative to build video servers Distribution Network (CDN) [7] provides certain mirroring
capable of providing a large variety of services, ranging functions, however, it has not been used within the residen-
from Video-on-Demand (VoD) for home entertainment to tial access networks. Our approach uses small mirroring
distance learning for education. This interactive on-demandstations with Wi-Fi to solve the last mile problem for resi-
service must satisfy users in terms of its high availability dential VoD service.
and quick responsiveness. In this paper, we propose a video distribution architec-
The current VoD systems have some problems. First, ture which places edge stations in the Wi-Fi access points.
high throughput video servers and sufficient bandwidth in Wi-Fi connects the edge station to residential homes. The
the residential access networks are required for this servicegdge stations are configurable and controllable by a central
since every request must be allocated a certain amount okerver. The most popular video contents are stored in the
server and network bandwidth. Second, a two-way accessstorage space of the edge station. Clients can access these
network is required to provide interactive service. The re- contents directly from the station. The video content that
sponse time, depending on the locations and distances ais requested but not in the station’s storage will be served
well as the availability of the server, can be very long. Fi- by the central server. Because the popular video contents
nally, the noise from many STBs (Set-Top Boxes) in a two- stored in this local storage represent a large percentage of
way cable brings the most difficult problem in deploying clients’ demand [8, 9], the capacity requirement of the cen-



tral server and the bandwidth requirement of the network parent to the client software, that is, a normal VoD client
can be significantly reduced. The response time to the nor-software can be used.

mal play and interactive plays is also reduced. When this  This architecture can be used for different purposes. Nor-
structure is used with a cable or Hybrid Fiber/Coax (HFC) mally, a large percentage of the storage is used as a mirror-
network, it turns to be Hybrid Fiber/Coax/Wi-Fi (HFCW). ing proxy which stores videos. Most requests can be sat-
A major application of this method is for the one-way ca- isfied locally. Those requests that cannot be satisfied lo-
ble system, where the edge station provides a return pattcally will be forwarded to the central server, and the video
for each user through the internet. Thus the requests thastreams from the central server is forwarded to the clients
cannot be satisfied locally will be forwarded to the central through Wi-Fi. A smaller portion of storage can be used for

server through this return path. caching Web contents.
The major advantages of this architecture include:
2. EDGE STATION ARCHITECTURE e Wi-Fi provides a low-cost, high-bandwidth last-mile

_ _ _ o connection to homes;
The base architecture of an edge station with Wi-Fi connec-

tion to homes is shown in Figure 1. This station is equipped ~ ® the network traffic from the central server and edge
with low-cost, large-capacity storage devices such as two or stations can be reduced to a small percentage;

three 100GB IDE disks. This edge station is able to mirror ¢ the response time can be reduced significantly;

tens of most popular 2-hours MPEG-2 videos, or hundreds
of MPEG-4 videos. Each station supports tens of 3Mbps
MPEG-2 video streams, or hundreds of 300Kbps MPEG-4
video streams. It can support tens to hundreds of residen- e the station absorbs the noise from many STBs in a
tial homes. It is programmable and suitable for deploying two-way cable system; and

different services. Capital investment is preserved because
software and hard disks are upgradable.

e two-way interactive functions can be provided with
the one-way cable system;

¢ simple diskless Ethernet STB with a wireless card can
be used at the residential home which is inexpensive.

Edge Station For Fiber-to-the-Building (FTTB) or Fiber-to-the-Curb
Q (FTTC), the edge station and the Wi-Fi access point can

- be plugged into the Optical Network Unit (ONU) to pro-
é @I Q vide mirroring and caching functions to reduce the band-
E = width requirement as well as the response time. The station
Server Q Q can also be used with DSL. The bandwidth requirement is
lowered so that a DSL line can support multiple residential
g Q é homes. As an example, a 10Mbps DSL line can support

tens of homes. The edge station structure is probably best
suitable for the cable (HFC) system which will be described

Figure 1: The Edge Station with Wi-Fi. in the next section.

The input to the station could be fiber optics, DSL, or 3. HFCW (ONE-WAY OR TWO-WAY CABLES)
one-way/two-way cables. For the one-way cable, the return
path can be a DSL or phone modem. The central serverln the Hybrid Fiber/Coax/Wi-Fi (HFCW) architecture, HFC
is able to control the contents stored in the edge stationsis used to connect the central server to the edge stations. The
and update the contents by broadcast, using a relative smalkdge station should be able to decode a few digital chan-
amount of network bandwidth. How to determine which nels. The required number of digital channels depends on
contents are most popular can be done by prediction or onthe number of clients and the hit ratio. An edge station is
fly. The central server monitors the requests from the clientsable to decode at least one analog channel which has about
and determines which contents need to be mirrored. At theeight 3Mbps digital channels. It should be sufficientin most
same time, the edge station can collect the usage informasituations. However, all digital channels required by a sin-
tion. This information will be sent to the central server so gle edge station must be packed into the analog channel. We
the server can determine which contents will be replaced. will discuss this issue in the next section.

At the client side, a simple diskless Ethernet STB with a HFCW can provide two-way on-demand services with
wireless card is sufficient. Only a few seconds buffer spacea one-way cable system as shown in Figure 2. The edge
is required. The STB can even be eliminated if the user usesstation provides a return path for each residential home. The
a computer to view the videos. The edge station is trans-method is superior than Near VoD (NVoD) which also uses



is C'/j, whereC' is a normalized constant. The performance
data for 3Mbps MPEG-2 and 300Kbps MPEG-4 videos are
reported. The performance metrics shown in Table 1 are:
0 (1) the number of movies that can be stored in the edge sta-
Iﬁl tion; (2) the number of streams can be provided by the edge
station; (3) the number of home the can be supported; (4)
Iil the hit ratio; (5) the input bandwidth required by the edge
oo o station; and (6) the number of digital channels.

Edge Station

Figure 2: Edge Station in a One-Way Cable System. Table 1: The Performance Data for a Single Edge Station

[ MPEG-2 | MPEG-4

the one-way cable. NVoD transmits video data repeatedly

and requires a huge amount of network bandwidth. number of movies 4 740
Due to the low bandwidth requirement, even analog ca- number of sireams 16 166
ble can be used to provide many on-demand movies. In this numb_er of'homes 57 570
case, the edge station captures the analog video signal and __ hitratio 63.8% | 94.6%
stores it in its local storage or forwards it to the users. input bandwidth 17.4Mbps| 2.6Mbps
When HFCW is used for the two-way cable, the edge _number of digital channels 6 9

station combines the requests from the users and sends them
to the return path together. The noise fromresidentialhomes _ _
is absorbed instead of being carried to the return path. ThusUnlimited Analog Channel Decoding Capacity

it almost eliminates the noise problem in the cable return ~The requirement of the number of digital channels with
path. unlimited analog channel decoding capacity shows the band-
width requirement. A simulation has been conducted to de-
termine the total number of channels required for a large
4. CHANNEL ALLOCATION AND number of edge stations. The simulation setting is as fol-
PERFORMANCE OF HFCW lows. Each edge station holds 74 MPEG-2 videos, The re-
o quest arrival pattern is Poisson distribution and there are 57
In HFCW, most requests can be satisfied by the edge stazeqyests per day. Each edge station serves a maximum of
tion. The requests for the videos that are not in the edge sta- g \PEG-2 streams. Table 2 shows the number of channels
tion will be forwarded to the central server. The bandwidth required for different number of edge stations. For 100 edge
from the central server to edge stations is limited. In an stations which can serve 5,700 home, 182 digital channels

HFC system, up to 100 analog channels or about 800 digi—Or 23 analog channels are required.

tal channels for MPEG-2 (3Mbps) or 8,000 digital channels
for MPEG-4 (300Kbps) will be available for transmission Limited Analog Channel Decoding Capacity
of digital videos. In addition, an edge station may have lim- Normally, an edge station is able to decode only a few
ited capacity for analog channel decoding, that is, it may be analog channels. It is possible that though empty digital
able to decode only one or two analog channels. Thus, allchannels are available, they are not in the analog channels
videos from the central server to an edge station must bethat can be decoded by the edge station since it is decod-
transmitted through the limited number of analog channels.ing other analog channels. Thus, the newly arrived requests
Algorithms are needed to allocate required digital channelsmust be rejected. Analog channel allocation algorithms are
to the same analog channel as much as possible. designed for minimization of the request rejection rate. As-
We conducted a performance study by simulation. As- sume that the edge station is able to decode only one ana-
sume that an edge station uses a server machine with twdog channel. An algorithm simply finds available channels
100GB IDE disks. The current street price for such a ma- to transmitting video streams from the central server to the
chine is less than US$700. To determine the hit ratio andedge station. When more than one video stream needs to be
storage requirement, we assume a movie repository of 1,00@ransmitted simultaneously, these streams must be allocated
movies and the movie length is two hours. To determine theto the same analog channel. The algorithm#omnalog
number of homes that can be supported by an edge stationgchannels are similar: all streams to an edge station must be
the utilization ratio is set to be 28%, that is, no more than allocated tan analog channels. An improved algorithm se-
28% of households watch the on-demand video simultane-lects the analog channel with the largest number of available
ously. For each request made, a video is selected using aigital channels.
Zipf distribution [9]. The probability of choosing videig; Table 3 shows the rejection rate of the improved schedul-



Table 2: The Number of Channels Required for Different Number of Edge Stations

Number of edge stations|| 10| 20 | 30 | 40 | 50| 60 | 70 | 80 | 90 | 100
Number of digital channel§ 30 | 48 | 62 | 83 | 99 | 118 | 136 | 154 | 163 | 182

ing algorithm with different decoding capacities. This per- five or six digital channels and 300 digital channels can only
formance is for 80 edge stations and 30 analog channelsprovide 60 videos. The edge station provides the same num-
Each analog channel has eight digital channels. Simulationber of videos with no waiting time. Even better, it provides
is conducted for one year. The rejection rate can be signif-true on-demand videos with no limitation on the number of
icantly reduced if the edge station is able to decode morevideos provided. In addition, it requires no disk storage in
than one analog channel. Usually, a cable STB can be use®TBs. All the cost for these advantages is that the cost of
for the demodulation and decoding, and some STBs havethe edge station, Wi-Fi access points, and maintenance. The
the capacity to decode two analog channels. cost for the edge station and Wi-Fi access point with an an-
tenna is less than $20 per home which is much cheaper than
a disk in the STB. The Ethernet STBs are also inexpensive.
Table 3: The Rejection Rate for Different Decoding Capac- This architecture achieves scalability, flexibility, and eco-
ities nomic benefit simultaneously. In the future work, we will
build a Wi-Fi network to exchange video contents between
. . the access points to increase the hit ratio and to reduce the
Decoding capacity = 1 0.6% requirement of wired connections.

Decoding capacity = 2 0.036% Acknowledgments The authors thank Jing Zhang for his
Decoding capacity = 3|  0.0025% simulation work.
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