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Power Packet Dispatching Based on Synchronization with Features on Safety

i SCRE H (RIS < L2 BB LB < v MEX)

(R XANEDOEET)

In the context of liberalized power market, the environment of power systems at present is more
decentralized comparing to the conventional ones and thus power distribution and power control become
more complicated. A modernized integrated power distribution network is expected to introduce
renewable power sources into local power grids with information and communications technology (ICT).

The main topics discussed in this dissertation are simply introduced in Chapter 1; those are power
packet dispatching system, clock synchronization, and safety of power packet dispatching. The power
packet dispatching system is proposed to manage low-capacity DC power sources and to supply power
based on demands. In this system, the clock synchronization between a sender (mixer) and a receiver
(router) is required to achieve the transfer of power and the exchange of information attached in a power
packet. The quick convergence of the synchronization is inevitable to transfer power through the packet
form. In addition, the features on safety of power packet dispatching are of concern for the purpose of
protecting the information of packet as well as improving the safety of power to loads. As a potential
approach and a trial, a differential chaos shift keying (DCSK) scheme is adopted in the modulation before
sending.

In Chapter 2, the operating principle of a charge pump phase locked loop (CPPLL) is summarized,
based on which the model of a digital clock synchronization method is derived. Applying a first-order
control to the derived model, we aim to achieve the clock synchronization between two clock signals:
REF (reference clock signal) and NCO (Numerically Controlled Oscillator output clock signal). The
achievement of the clock synchronization based on the controlled model is verified in both simulations
and experiments. More specifically, it takes around 10 reference clock cycles to achieve the clock
synchronization, i.e., the settling time is 10 reference clock cycles. Furthermore, it is found that the
settling time is independent on the initial relationship between REF and NCO. Applying the controlled
model to the power packet dispatching system, REF and NCO can be considered as the mixer clock signal
and the router clock signal respectively, that is, the clock synchronization between the mixer and the
router can be achieved autonomously. As a result, the external clock line between the mixer and the
router can be removed. Also, it is advantageous in establishing a network system for power packet
dispatching in future.

As a key factor of a clock synchronization method, short settling time is desired. Hence, in Chapter 3,
a second-order control is applied for improving the synchronization. Considering the future application
of the second-order controlled model to the power packet dispatching system, the stability of the
controlled model is discussed. In simulations and experiments, it is clarified that based on the
second-order controlled model, the clock synchronization between two clock signals can be achieved in a
shorter settling time. Thereafter, the model is embedded into a router to confirm power packet
dispatching based on autonomous clock synchronization.

Chapter 4 investigates the power packet dispatching under different scenarios in a modified system.
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The target is the multi-packet transfer conditions in which two mixers are included. It is experimentally
validated that the power packet dispatching can be realized under different combinations of packets. In the
case that power packets received in two input ports of a router have same source signal or/fand same
address signal, congestion appears at storages and loads. The method to solve the congestion is discussed
on the packet dispatching.

The features on safety of power packet dispatching are focused in Chapter 5. Two aspects are
introduced: information safety and power safety. For the purpose of protecting the information and
adjusting the transferred power of packets, a simple modulation of power packets is introduced before they
are sent. The Differential Chaos Shift Keying (DCSK) scheme, one of chaos-based modulation schemes,
is adopted to examine the DCSK modulated packets and to show the possibility of achieving safety in the
power packet dispatching system. As a result, the information of packet can be protected from an attacker
with keeping the adjustability of transferred power. This research result could show a clue to discuss safety
issues. It appears that the power packet dispatching is one of the manageable methods for safety.

Chapter 6 summarizes the major points as well as the achievements. The future work to improve the
performance of power packet dispatching is mentioned from the viewpoint of the clock synchronization
and the feature on safety. Finally, the potential obstacles are mentioned for the future research following
to this study.
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