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Abstract

In Japan, the number of the whole broadband service users reached 95 million, and the number of Fiber To
The Home (FTTH) users reached 25 million in 2013. Also, demands are increasing to support multi services
in access networks, including Internet protocol television (IPTV) , Video on Demand (VoD) , and Voice over
Internet Protocol (VoIP). Unfortunately, the access networks already constitute about 70 percent of overall.

There are three requirements for next-generation optical access networks to handle rapidly increasing
traffic volume, support multi-services and reduce power consumption of network equipment: 1) scalability,

2) flexibility (multi-service adaptability), and 3) low-power consumption.

The Passive Optical Network (PON) is widely used as an access network. The PON provides a low-cost and
low-power network due to its use of an optical splitter. However, the PON is limited in terms of the
maximum number of Optical Network Units (ONUs) (32) and the maximum transmission distance (20 km).

To provide scalable access services, Active Optical Access Network (ActiON) using high-speed Plumbum
Lanthanum Zirconate Titanate (PLZT) optical switches was proposed. It quadruples the number of ONUs
(128) per Optical Line Terminal (OLT) and doubles the maximum transmission distance (40 km), compared
to the PON. However, as the ActiON uses slot-based switching, the transmission waiting time exceeds user's
allowable delay, and it needs a large number of slots in multicast. Moreover, the ActiON consumes the power
higher than the PON because it needs additional optical switches.

To satisfy above three requirements, this dissertation proposes a multi-service adaptable and low-power
consumption active optical access network, while keeping the advantages of ActiON, which realize the
scalable access network. This dissertation is organized as follows. Chapter 1 describes the background of the
dissertation and clarifies the requirements for next-generation optical access network. Chapter 2 illustrates
next-generation optical access network technologies and the position of the dissertation. Chapter 3 proposes
a delay-sensitive slot allocation method, which minimizes the switching idle time in the switch, considering
the user's allowable delay. Numerical results show that the proposed method reduces the number of switching
times by up to 88 percent, compared to the conventional method. Chapter 4 proposes a multi-service adaptable
Active Optical Access Network (multi-service adaptable ActiON) by using the PLZT optical switch as the
variable splitter mode in order to support the multicast function. Numerical results show that the proposed
network dramatically reduces the required number of slots by up to 81 percent, compared to the conventional
ActiON. Chapter 5 proposes a low-power consumption slot allocation method that reduces the number of
mode changes in each switch element, while keeping the required number of slots in the multi-service
adaptable ActiON. Numerical results show that the proposed network with the low-power consumption slot
allocation method reduces the power consumption by up to 75 percent compared to the PON and by up to 41
percent compared to the conventional ActiON. Chapter 6 draws this dissertation to its conclusion with a useful
summary of the advances raised herein.




