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Abstract—The considerable concern about the high constructing
and maintaining costs is the bottleneck of rapid and world-wide
fiber-to-the-home (FTTH) deployment. However, it is also
important to maintain high communicative performance of
FTTH networks as suppressing the constructing and maintaining
costs.

In order to reduce the constructing and maintaining costs of
FTTH networks, this paper proposed a bus structure with the
technique of time-division multiple access (TDMA) to constitute
FTTH networks. The bandwidth utilization of the bus FTTH
network is much higher than that of star/tree FTTH networks.
Therefore, the number of optical fibers used to construct the bus
FTTH network is much smaller than that used to construct
star/tree FTTH networks. The distance between the central office
and the farthest optical network unit (ONU) of the proposed
network will be longer than that of ring FTTH networks. This
can reduce the number of central offices. Because the number of
fibers and the number of central offices are simultaneously
reduced, the constructing and maintaining costs of bus FTTH
networks can be greatly suppressed.

Based on the analysis of the waiting time on optical TDMA
networks, traffic-control approaches are exploited to logically
distribute medium access among ONUs. To put traffic-control
approaches to use on FTTH networks can result in the ideal fair
behavior of networks. Hence, the FTTH networks can satisfy the
commercial contracts agreed by customers and network
managers. Otherwise, to implement traffic control on the
proposed FTTH network can keep high performance from
degradation even if the network is with full load.

Keywords—Delay estimation, Fiber to the home, Optical fibers,
Traffic control, Time-division multiple access.

I. INTRODUCTION

According to the strong demand on the quality of service
from service providers in recent years, the required bandwidth
on access networks is exponentially increasing. Because the
provided bandwidth and transmissible distance on traditional
access networks are subject to twisted pairs, network
managers have being enforced to develop the fiber-to-the-
home (FTTH) access network [1]—[5]. The deployment of
FTTH access networks is taking off in several regions [6]—[8],
but the considerable concern about the high constructing and
maintaining costs is the bottleneck of rapid and world-wide
FTTH establishment [9]-[17]. Therefore, it is an important
topic to explore how to suppress the constructing and
maintaining costs but keep the optical communicative
performance from degradation.

Public access networks can be considered as bridges
between backbone networks and customers. Wider bridges
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can carry more traffic. The capacity of an union of optical
fibers is much larger than that of a twisted pair. The required
bandwidth of each customer is so small that the capacity of an
union of optical fibers should be shared by lots of customers.
Therefore, it is feasible to establish medium-sharing
environment on FTTH access networks to suppress
constructing cost.

Though establishing medium-sharing environment on
FTTH networks can suppress constructing cost, the optical
TDMA network has the unfair-access problem due to its
topology. From the traditional realization of the distributed-
queue dual-bus networks (DQDB), which was recommended
as the IEEE 802.6 protocol in 1990 [18], the unfair-access
problem indicates that the access of a node is higher than that
of its downstream node. Because of the unfair problem, the
optical TDMA network can not tally with the ideal fair
behavior of networks. The ideal fair behavior represents that a
node within networks must experience the same performance
when its nodal position is moved but its load does not change.
Since the access control method of the DQDB is so complex,
to resolve the unfair problem is very difficult [19]-[22]. It had
been laid for more than ten years.

Based on observing the use of TDMA slots on media, the
unfair problem has been precisely analyzed in 2009 [23]-[25].
The analyzed performance is the average waiting time
(waiting mean) of the segment in the top buffer of nodal
queues which attached to the TDMA network. The access of
TDMA nodes can be estimated by the waiting mean. The
analysis exhibits that the waiting mean of high-speed TDMA
nodes is in inverse proportion to nodal traffic regardless of
network topology. Based on this property, it is inferred that
optical TDMA networks are inherent in the ideal fair behavior
of networks if their medium access control protocols perform
traffic control. The analysis urges optical TDMA networks to
become a suitable option for constructing FTTH networks.

In order to explain the feasibility of adopting optical
TDMA networks to constitute FTTH networks, the analysis of
waiting means is summarized in the next section. The analysis
obviously shows the influence of traffic control on the
performance of optical TDMA networks. The related work for
FTTH construction is described in Sec. III. Various topologies
of FTTH networks are compared with one another from the
perspective of constructing and maintaining costs. The
proposed bus FTTH network is presented in Sec. IV. The
structure, normal operations and out-of-order events which
cause the stoppage of the proposed network are discussed. The
last section is conclusions.
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II. THE ANALYSIS OF WAITING MEANS

For TDMA networks, a node must send requests to
preserve empty slots when it is going to transmit messages.
More requests preserve more slots. As the number of
preserved slots of a node becomes large, the waiting mean of
the node will be reduced. When the waiting mean of TDMA
nodes is considered as a criterion for estimating the access
owned by nodes, a node will have more access when the node
generates more traffic. The relationship between the nodal
waiting mean and nodal traffic is derived as follows.

In the analysis, it is assumed that the access of every slot is
competed by all nodes and the network is with full load. The
slot rate of the network is R slots per second. The number of
nodes within the network is N. Let T(n) denote the traffic
transmitted by the nth node, where n is the ordinal number of

nodes,n=0, 1, ..., N—1. Then T(n) can be represented as
T(n)=r(n)/R, (1)

where r(n) is the number of slots that the nth node seizes to
transmit messages for a second.

From the perspective of the nth node, the slots on media
can be classified into three kinds. They are busy slots,
preserved slots and free slots. Busy slots are the slots that have
been used by upstream nodes. Preserved slots are the slots that
have been preserved by downstream nodes. Free slots are that
the nth node can exploit. Free slots may or may not be
preserved by the nth node. In a stable network, the probability
that free slots pass through the nth node must be equal to or
greater than T(n). Since the traffic transmitted by the nth node
is T(n) and the network is with full load, the probability that a
slot seized by the nth node is also T(n).

For a segment generated by the nth node, it must enter the

top buffer of queues attached to the bus and wait for a free slot.

It is assumed that the ith slot appearing to the nth node after
the segment entered the top buffer is a free slot, where i = 1,
2,...., R. Let pw(n,i) denote the probability that the segment is
written into the ith slot. Then py(n,i) can be represented as

py (mi)=Tm)(1-T(n))". )

Because the nth node must seize r(n) slots every second, the
maximum of its waiting times, denoted by M(n), can be
represented as

M(n)=R-r(n)+1. 3)
Substituting (1) for r(n) into (3), M(n) can be rearranged as
M(n):R(l—T(n))+1. 4)

Then, the waiting mean of the nth node, denoted by p(n),
can be presented as

o ="8ip, (1) = 5 1T (1-T(0))

=[1=(1=7()"" (14 M(T () | [T ().

Substituting (4) into (5), the waiting mean of the nth node can
be rearranged as

)
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1— (1 _ T(n))R(l—T(n))H
(1+(R(1-T(m)+1)T(n))

Equation (6) shows that the waiting mean of the nth node is
only reliant on the nodal traffic when the slot rate is fixed. It is
irrelevant to nodal positions. It is also not correlative to the
MAC protocol supporting the medium-sharing environment.

For high-speed networks, R can approach infinite. Then,
the W(n) of high-speed networks can be shown as

1-(1-T(n)
lim(n) =lim
o o (1+(R(1—T(n))+1)T(n))

=1/T(n).

Equation (7) represents that the waiting mean of TDMA nodes
is in inverse proportion to nodal traffic as TDMA networks
are with high speed. In a word, for high-speed TDMA
networks, the larger the traffic of a node, the smaller the
waiting mean of the node. This property obviously exhibits
that the waiting mean on a high-speed TDMA network is
independent of network topology. In other words, the medium
access of a TDMA node varies with its traffic. So, MAC
protocols with proper traffic control can effectively and
logically distribute medium access among nodes.

Because optical TDMA networks are high-speed networks,
the property that waiting means are in inverse proportion to
nodal traffic regardless of nodal positions is inherent for the
networks. The inherent property can be manifested when the
MAC protocol of the networks implements traffic control.
Consequently, the access on an optical TDMA network can be
fairly and logically distributed among nodes if its MAC
protocol performs traffic control. The simulation perfectly
validating the analysis was exhibited in [23].

Due to the analysis, it is manifests that adopting optical
TDMA networks with traffic control to construct FTTH
networks is feasible. The constructed FTTH network can
naturally reduce cost. Otherwise, customers’ performance not
only will not vary with nodal position but also can be kept
from degradation even if FTTH networks are with full load.

(n)= T(n). (6)

)R(I—T(n))-H

(7

III. THE RELATED WORK FOR FTTH CONSTRUCTION

For the sake of establishing medium-sharing environment
to construct FTTH networks, several multi-access structures
have been proposed for constituting FTTH access networks
[26]-[32]. Due to the number of optical network units (ONUs)
sharing the capacity of a union of optical fibers, these multi-
access structures can be classified into two categories. In the
first category, every union of fibers is connected with one
ONU [26]—-[31]. In the second category, more than one ONU
are attached to a union of fibers [32]. The topology of the
network proposed by [32] forms a ring. The ends of the ring
terminate at the optical line terminal (OLT) located in central
offices (COs). An OLT consists of two transmitters and two
receivers. One couple of the transmitter and receiver is for the
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upstream slot flow and the other is for the downstream slot
flow. The directions of the two slot flows differ from each
other. On the other hand, the first category includes two
topologies. One of the topologies is trees [26]-[29], [31] and
the other is stars [26] —[27], [30]. In stars, a CO is the center
of the star and fibers are radiantly distributed from the center
to ONUs. For trees, COs are the roots of trees and
splitters/passive fiber branching points are sub-centers. Fibers
are fanned out/branched off from a sub-center to ONUs.
Otherwise, an optical link between the OLT and a sub-center
is a trunk comprising upstream and downstream channels. The
trunk carries downstream messages sent by the OLT and
concentrates upstream messages transmitted by ONUs.

Due to the low bandwidth utilization on optical fibers, to
construct the FTTH network of the first category requires a
large number of fibers. Because the number of fibers is so
large, to establish the FTTH networks of the first category
must pay high constructing cost for fibers. On the ring FTTH
network, its bandwidth utilization is higher than that of
star/tree FTTH networks. Hence, the number of fibers used to
establish ring FTTH networks will much smaller than that
used to construct star/tree FTTH networks. So, the
constructing cost paid for fibers establishing ring FTTH
networks will be much smaller than that paid for fibers
constructing tree/star FTTH networks. However, the distance
between a CO and the farthest ONU in ring FTTH networks
will be much shorter than that in tree/star FTTH networks.
This effect will increase the number of COs. The longer the
distance between a CO and the farthest ONU, the smaller the
number of COs. The constructing cost for setting up COs will
be reduced as the number of COs becomes small. Hence, to
compare the star/tree topologies with the ring topology from
the perspective of constructing cost, the decreased
constructing cost resulting from the reduction of fibers in the
ring topology makes up for the increased constructing cost
paid for establishing the addition of COs. And the decreased
constructing cost resulting from the reduction of COs in
star/tree topologies makes up for the increased constructing
cost paid for the enlargement of the number of fibers. On the
other hand, the maintaining cost of FTTH networks is also
dependent on the number of fibers. A large number of fibers
in an optical network will not only complicate the distribution
of fibers but also enhance the difficulty in the management
and maintenance of these fibers. This will increase the
maintaining cost of FTTH networks. Consequently, to
simultaneously reduce the number of fibers and the number of
COs can lower not only the constructing cost but also the
maintaining cost of FTTH networks.

In the FTTH medium-sharing environment, most FTTH
networks exploit the techniques of time-division multiplexing/
time-division multiple access (TDM/TDMA) on downstream/
upstream channels [28], [30]-[32]. Except the control and
maintaining messages, most traffic on the downstream
channel should be the response of services actuated by
customers. The TDM approach can fairly transmit respondent
messages to ONUs but can not efficiently exploit the capacity
of the channel. Otherwise, the respondent traffic of a customer
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varies with the service actuated by the customer but the
bandwidth distributed by the TDM approach can not flexibly
vary with services. Hence, applying the TDM approach on the
downstream channel can not tally with the commercial
behavior on public access networks. For the upstream channel,
the senders using the channel are all the ONUs attached to the
OLT. According to the requests sent by the equipments
attached to an ONU, TDMA systems provide the requested
bandwidth to the ONU [28], [33], [34]. When some ONUs are
activated as the upstream channel is in heavy-load duration,
these ONUs can not immediately take the requested
bandwidth and must wait for a period. Increasing the number
of ONUs will extend the heavy-load duration. The period
waiting for the requested bandwidth will be lengthened
according to the extension of the heavy-load duration. On the
other hand, in a communicative system, some control
procedure such as the usage parameter control (UPC) [35],
which performs control functions i.e. connection admission
control, resource management, priority control etc., is invoked
to prevent unpromised traffic from entering the network to
take limited resources of the backbone network. The control
procedure will reject partial traffic of an ONU when the
transmitted traffic of the ONU has exceeded the maximum
traffic promised by the commercial contract. This will result
in the retransmission of the rejected traffic between the ONUs
and the backbone network. Cyclic retransmission will
ineffectively occupy the bandwidth of the upstream channel.
This ineffective occupation will not only lower the throughput
of ONUs but also extend the heavy-load duration. The
phenomenon will lengthen the waiting time of messages
queuing in ONUs. In order to suppress the constructing and
maintaining costs, the number of ONUs attached to an OLT
must be enlarged. The heavy-load duration will usually appear
and be extended as the number of ONUs is increased.
Consequently, the performance of FTTH networks will be
greatly degraded when the constructing and maintaining costs
are reduced.

Traffic control is an important process for public
commercial networks. For commercial behavior, customers
pay for required bandwidth. The more the required bandwidth,
the more the payment. If the traffic of an ONU can be
controlled in accordance with the commercial contract signed
by customers and network managers, the retransmission
caused by a control procedure, such as the UPC, will
disappear. Therefore, the capacity of a TDMA channel can be
fully and logically distributed among nodes. Otherwise, when
the access of a TDMA channel is distributed among nodes by
traffic control, the network can keep its performance from
degradation even if the network is with full load. Therefore,
traffic control should be adopted on FTTH networks to
increase the number of ONUs so as to effectively suppress the
constructing and maintaining costs but keep the high
communicative performance of the networks from degradation.

Based on the discussion above, this paper proposes a
structure for constituting FTTH networks. The proposed
topology is a bus structure which consists of a pair of fibers.
The TDMA technique establishes medium-sharing environ-
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ment on the fibers. The capacities of the two fibers are shared
by the OLT and the attached ONUs respectively. The medium
access control protocol of the network performs traffic control
to distribute access among ONUs. Because the FTTH network
is with bus topology, the distance between a CO and the
farthest ONU will be much larger than FTTH networks with
the ring topology. The number of fibers used to construct bus
FTTH networks can be much smaller than that used to
construct star/tree FTTH networks. Simultaneously, the
number of COs established for bus FTTH networks can also
be smaller than that established for ring FTTH networks.
Therefore, the constructing and maintaining costs will be
naturally suppressed. Due to the usage of traffic control for
medium access, the proposed FTTH network can not only
fully and logically distribute bandwidth among ONUs but also
maintain high communicative performance even if the
network is with full load.

IV. BUS FTTH NETWORKS

Due to the analysis of the waiting time on TDMA networks,
it is manifested that traffic control can result in ideal fair
behavior on optical TDMA networks regardless of the
topology of the network. Because the capacity of a fiber is
much larger than that a customer requests, it is feasible to
establish a medium-sharing environment on FTTH networks.
In order to increase the number of customers on a FTTH
network to reduce constructing and maintaining costs, this
paper proposes the bus topology with TDMA technique to
establish medium-sharing environment on FTTH networks.
The structure of the proposed FTTH network is shown in Fig.
1.

R Bus
0 \ [ | o
L 0 o o L
N llllllll N llllllll N
T U U U T
N F
T Bus

Figure 1. The structure of bus FTTH networks.

A pair of fibers is exploited in the structure. One is used as
a transmitting bus (T Bus). The other is regarded as a
receiving bus (R Bus). OLTs in the structure are partitioned
into two parts. The first part located inside or near COs is
called OLTN (the OLT part near COs). The second part
terminating fibers in the outside plant and far from COs is
named OLTF (the OLT part far from COs).

Both the OLTN and the OLTF comprise one slot generator
and one slot terminator. The TDMA slot flow on the T bus is
sent by the slot generator in the OLTF and sinks into the slot
terminator in the OLTN. On the other hand, the TDMA slot
flow on the R Bus is sent by the slot generator in the OLTN
and sinks into the slot terminator in the OLTF. The OLTN
transfers segments between the FTTH and backbone networks.
The T Bus is an upstream channel and the R Bus is a
downstream channel. The segments carried by slots on the T
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Bus are destined for customers supported by backbone
networks. The segments in the slots on the R Bus are received
by the ONUs attached to the FTTH network.

All the ONUs attached to a FTTH network are interfaces
between the FTTH network and customer’s private networks.
The private network comprises various customer premise
equipments (CPEs). Various CPEs and their interfaces may be
connected with ONUs directly or through wireless networks,
coaxial networks, various local area networks and so on. The
medium access control protocol of every ONU must perform
traffic control as sending segments onto the T Bus. The
maximum traffic that an ONU can send is subject to the
commercial contract signed by network managers and
customers. The promissory maximum traffic can be regarded
as a parameter for traffic control. It should be dynamically
varied with the maximum traffic changed in the commercial
contract.

So as to transmit segments to ONUs in the outside plant,
there are queues within the OLTN. Every queue corresponds
to an ONU. The corresponding queue of an ONU temporarily
stores segments which will be destined for the ONU. Though
the OLTN is the unique equipment sending segments to ONUs,
the corresponding queues within the OLTN are the actual
devices sharing the capacity of the R Bus. Hence, the TDMA
slots on the R Bus are competed by these queues. In order for
fairly and logically distributing access among these queues,
the MAC of the OLTN executing traffic control must start
when a queue intends to write segments onto slots. The
maximum traffic that a queue can transmit to its
corresponding ONU depends on the commercial contract
between the network manager and the customer. Because the
TDMA technique is exploited on the R Bus, the FTTH
network can flexibly and fairly satisfy customers’ dynamic
demand on bandwidth to enhance the bandwidth efficiency of
the R Bus.

According to bus topology, the distance between a central
office and the farthest ONU will be much longer than that in
ring FTTH networks. The serviced area of the CO with bus
FTTH networks will be much greater than that of the CO with
ring FTTH networks. Hence, not only the number of COs but
also the number of fibers can be greatly reduced.
Consequently, the constructing and maintaining costs will be
significantly suppressed. Due to performing traffic control on
medium access, the access of the T and R Buses can be
logically distributed among ONUs and their corresponding
OLTN queues respectively. Otherwise, the FTTH network can
present high performance even if the network is with full load.

After describing the normal operations, out-of-order events
affecting the entire operations of bus FTTH networks are
discussed as follows. Because the normal operations of the
FTTH network are dependent on the slot flows on the T and R
Buses, the disappearance of the two slot flows will stop all
operations on the network. Two out-of-order events will result
in the stoppage that all ONUs can not communicate. One of
the out-of-order events is the disconnection of two fibers. The
other event results from an out-of-order OLTF. Wherever
either fiber is disconnected, the stoppage of the network will
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take place. An out-of-order OLTF influences the presentation
of slot flows. The troubles of an out-of-order OLTF may be
the functional failure of slot generators and/or slot terminators.
It also may be caused by the loss of public power and/or
damaged rechargeable batteries. In order to protect the
network from the stoppage, it must be concretely performed in
practice to automatically and periodically examine the
disconnection of fibers [36]-[39], the function of OLTFs and
the power system in the outside plant.

V. CONCLUSIONS

In order to speed up the world-wide deployment of FTTH
networks, this paper proposes a bus structure with the TDMA
technique to constitute FTTH access networks. The proposal
is based on the analysis of waiting time on TDMA networks.
The analytical result shows that the nodal waiting mean of
optical TDMA networks is in inverse proportion to nodal
traffic regardless of the topology of networks. Hence,
controlling traffic on FTTH networks can logically distribute
the access among ONUs according to the commercial contract
and keep the communicative performance of the FTTH
network from degradation.

The bus structure is recommended in an attempt to reduce
the constructing and maintaining costs of FTTH networks. A
pair of fibers is exploited in the structure. The directions of the
slot flows on the two fibers are different from each other. One
of the slot flows is the TDMA upstream channel that
concentrates segments from ONUs and transmits them to
backbone networks. The other is the TDMA downstream
channel which receives data from backbone networks and
distributes them to ONUs. OLTs in the structure are
partitioned into two parts. They are the OLTN and the OLTF.
The OLTN is located in the CO and the OLTF is in the outside
plant. All ONUs are attached to the buses to share their
capacities.

Comparing with the ring structure, the distance between the
OLTN and the farthest ONU can be lengthened to extend the
serviced area of COs because the OLTF is in the outside plant.
Comparing with the tree/star structure, the bandwidth
utilization of the proposed bus FTTH network will be much
higher than that of the tree/star FTTH network according to
the establishment of medium-sharing environment. Otherwise,
the number of ONUs attached to the buses can be increased
due to the usage of traffic control. These effects can reduce
both the numbers of optical fibers and COs simultaneously.
Consequently, the constructing and maintaining costs will be
naturally lowered.
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Since the out-of-order events of the OLTF and fibers will [
result in the stoppage of bus FTTH networks, automatic and
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the out-of-order events so as to prevent the network from [23]
stoppage in advance or quickly restore to normal operations
after the stoppage takes place is the future work after |4
proposing the network.

ISBN 978-89-5519-154-7 468

REFERENCES

“Next Generation Access Networks - a Unique Opportunity for
Sustainable Competition”, European Telecommunications Network
Operators’ Association Press Corner, June 24, 2008.
H. Shinohara, “Next generation networks: NTT's view and plan,” in
Proc. IEEE International Conference on Photonics in Switching, 19-22
Aug. 2007, pp.1-2.
The FTTH Market in Asia: Analysis & Forecasts, the Diffusion Group
Analysis Report, March 22, 2006.
H. Shinohara, “Overview of Japanese FTTH market and NTT's
strategies for entering full-scale FTTH era,” in Proc. ECOC’06, pp.1-1.
H. Shinohara, “Broadband access in Japan: rapidly growing FTTH
market.” [EEE Communications Magazine, vol. 43, no. 9, pp. 72-78,
Sept. 2005.
Batagelj, B., “FTTH networks deployment in Slovenia,” in Proc.
ICTON '09. June 28 2009-July 2 2009, pp. 1-4.
van den Hoven, G., “FTTH deployment taking off in Europe,” in Proc.
BROADNETS’08. 8-11 Sept. 2008, pp. 221-221.
Jaehyoung Park, Geun Young Kim, Hyung Jin Park and Jin Hee Kim,
“FTTH deployment status & strategy in Korea: GW-PON based FTTH
field trial and reach extension strategy of FTTH in Korea,” in Proc.
GLOBECOM’08. Nov. 30 2008-Dec. 4 2008, pp. 1-3.
K. Casier, B. Lannoo, J. Van Ooteghem, S. Verbrugge, D. Colle, M.
Pickavet, and P. Demeester, “Game-theoretic optimization of a Fiber-to-
the-home municipality network rollout,” IEEE/OSA Journal of Optical
Communications and Networking, vol. 1, no. 1, pp 30-42,. June 2009.
B. Lannoo, K. Casier, J. Van Ooteghem, B. Wouters, S. Verbrugge, D.
Colle, M. Pickavet, and P. Demeester, “Economic benefits of a
community driven fiber to the home rollout,” in Proc. BROADNETS 08,
8-11 Sept. 2008, pp. 436-443.
S. Verbrugge, K. Casier, B. Lannoo, J. Van Ooteghem, R. Meersman, D.
Colle, and P. Demeester, “FTTH deployment and its impact on network
maintenance and repair costs,” in Proc. ICTON’08. 22-26 June 2008,
vol. 3, pp. 2-5.
S. Kulkarni, B. Polonsky, and M. El-Sayed, “FTTH network economics:
key parameters impacting technology decisions,” in Proc. Networks’08,
Sept. 28 2008-Oct. 2 2008, pp. 1-27.
Wei Li, Zhenrong Zhang and Linzhen Xie, “A proposal for bandwidth
consumption in FTTH networks in China.” in Proc. IPGC’08, 8-11 Dec.
2008, pp.1-4.
Shumate, P.W., “Fiber-to-the-home: 1977-2007,” Journal of Lightwave
Technology, vol. 26, no: 9, pp.1093-1103, May 2008.
Lakic, B. and Hajduczenia, M., “On optimized passive optical network
(PON) deployment,” in Proc. AccessNets '07. 22-24 Aug. 2007, pp.1-8.
T. Rokkas, T. Kamalakis, D. Katsianis, D. Varoutas, and T.
Sphicopoulos, “Free space optical technology as an alternative last-mile
solution: a techno-economic analysis,” in Proc. CTTE’07, 14-15 June
2007, pp. 1-5.
K. Rookstool, “Economic considerations of central office (CO)
broadband distribution terminals vs. remote terminal (RT) broadband
distribution terminals for deploying fiber to the home (FTTH),” in Proc.
OFC’03, 23-28 March 2003, vol.2, pp. 610- 611.
IEEE Distributed Queue Dual Bus Subnetwork of a Metropolitan Area
Network, IEEE STD 802.6, 1990.
M. Conti, E.Gregori, and L. Lenzini, “A methodological approach to an
extensive analysis of DQDB performance and fairness,” IEEE JSAC,
vol.9, no.1, pp.76-87, 1991.
B. Mukheriee and S. Banerjee, “Alternative dtrategies for fairness in and
an analytical model of DQDB networks,” in Proc. IEEE INFOCOM'91,
Bal Harbour, FL, April 1991, pp. 879-888.
W. Jing, and M. Paterakis, “Appling the single-node DQDB analytical
model to network-wide performance analysis,” in Proc. IEEE
GLOBECOM’92, 1992, pp.1618-1622.
C. Bisdikian, “Waiting time analysis in a single buffer DQDB network,”
IEEE JSAC, vol.8, no.8, pp.1565-1573, 1990.
R. N. Chiou, “The property of the waiting time on optical TDMA
networks,”, in Proc. ITA’09, Wrexham, North Wales, UK, 8-11
September 2009, pp.54-63.
R. N. Chiou and C. N. Shyi, “The performance of optical networks with
TDMA,” in Proc. IMETI’09, Orlando, Florida, USA, July 10-13, 2009,
ppl06-111.

Feb. 13~16, 2011 ICACT2011



[25]

[26]

[27]

[28]
[29]
[30]

[31]

[32]

R. N. Chiou and C. N. Shyi, “Performance analysis on optical networks
with TDMA,” in Proc. ICT’09, Marrakech, Morocco, 25-27 May 2009,
pp.364-368.

W. Akhtar, P. Gallion and M. Gharaei, “Hybridization readiness for
multiservice broadband networks,” in Proc. ICT’09, Marrakech,
Morocco, 25-27 May 2009, pp.352-355.

Chun-Ting Lin, J. Chen, Peng-Chun Peng, Cheng-Feng Peng, Wei-Ren
Peng, Bi-Shiou Chiou and S. Chi, “Hybrid optical access network
integrating fiber-to-the-home and radio-over-fiber systems,” I[EEE
Photonics Technology Letters, vol. 19, no. 8, pp. 610-612, Apr. 15,
2007.

B. D. Edgar, “Method and apparatus for
communications,” U.S. Patent 6 778 550, August 17, 2004.
K. Heinz, “Optical network termination unit of a hybrid fiber/coax
access network,” U.S. Patent 6 281 996, August 28, 2001.

N. Takeshi and Y. Shuntaro, “Optical fiber network system,” U.S.
Patent 5 896 213, April 20, 1999.

Singer Josef Dipl-Ing, “Method for addressing separate units in on
optical TDM/TDMA system.” European Patent 0 665 669, August 02
1995.

Kuo Jer-Chen and Pesavento Gerald A, “Passive optical network,” U.S.
Patent 7 272 321, Sep. 18, 2007.

TDM/TDMA

ISBN 978-89-5519-154-7

[33]

[34]

[35]

[36]

[37]

[38]

[39]

469

Shiping Gu and Xiaoqin Hua, “Device for implementing dynamic time-
slot TDMA distribution,” Chinese Patent 101 296 229, Oct. 29 2008.
Shen Ruiwu, Yan Xiangbiao and Guo Li, “Method for realizing Ethernet
passive optical fiber network,” Chinese Patent 1 471 244, Jan. 28 2004.
David E. McDysan and Darren L. Spohn, ATM: Theory and
Application, McGraw-Hill Inc., New York, pp.365 1995.

Ng Boonchuan, M.S. Ab-Rahman, R. Ismail, A.A. Ehsan, and S. Shaari,
“Development of passive in-line monitoring (PIM) device prototype for
FTTH access network,” in Proc. ICFCC’09, 3-5 April 2009, pp. 690-
694.

Ab-Rahman, M.S. Abd-Rashid, A.R. Ehsan, A.A. and Shaari, S.,
“Design of FTTH demultiplexer based on cascaded wavelength selective
coupler,” in Proc. ICSE’08, 25-27 Nov. 2008, pp. 306-310.

M.S. Ab-Rahman, Ng BoonChuan and K. Jumari, “In-service
monitoring with centralized failure detection system (CFDS) in FTTH
access network,” in Proc. ICED’08, 1-3 Dec. 2008, pp. 1-4.

Yao Li, Daoyi Wang and Jing Li, “FTTH remote fiber monitoring using
optical wavelength domain reflectometry (OWDR) and wavelength
coded tag (WCT),” in Proc.. OFC’ 06, 5-10 March 2006, 3 pages.

Feb. 13~16, 2011 ICACT2011



