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Nawata S, Maki A, Hikihara T. (2018)

Power packet transferability via symbol propagation matrix.
Proc. R. Soc. A 474: 20170552. http://dx.doi.org/10.1098/rspa.2017.0552
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A power packet is a unit of electric power composed
of a power pulse and an information tag. In Shannon's
information theory, messages are represented by
symbol sequences in a digitized manner. Referring
to this formulation, we define symbols in power
packetization as a minimum unit of power transferred
by a tagged pulse. Here, power is digitized and
quantized. In this paper, we consider packetized
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electrical energy network introduce the concept of a symbol propagation matrix

(5PM) in which symbols are transferred at links
during unit times. Packetized power is described as
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power, so that power is digitized and quantized. The results of this paper suggest a mathematical
framework which integrates energy and information in electrical energy networks.
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Power packet transferability via symbol propagation matrix

Shinya Nawata! Atsuto Makifand Takashi Hikihara®

Abstract

Power paket is a unit of electric power transferred by a power pulse with an information tag. In
Shannon's information theory, messages are represented by symbol sequences in 2 digitized manper
Refersing to this formulation, we define symbols in power packetization as a minimm unlt of power
transforred by a tagged pulse. Here, power is digitized and quanized. In this paper, we consider
packetized power in networks for 2 finite duration, giving symbols and their energies to the networks
A network steucture is defined using 2 Eraph Whos NOdeS TePreser. FoULERs, SOURCes, an destiniations
First, we introduce symbol propagation matrix (SPM) in which syrbols are transferred at links during
umit. times. Packetized power is described s 2 netwark flow in 2 spatio-temporal structure. “Then, we
study the problem of seleeting an SPM in terms of trassferability, that is, the possibility 1o regrosent
given energies at sources and destinations during the finite duration. ‘To selcet an SPM, we consider
a netwrk flow problem of packetized power. The problem is formulated 5 an M-conves submoduiar
flow problem which is known 2 generalization of the minimm cost flow problem and solvable. Finally,
through examples, we vesily that this formulation provides reasonable packetized power.
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1 Introduction

Electzic power has been considered as 2 continuous flow based o circuit. theory, in which power
flow is governed by Kirchhoff laws and Tellegen's tiseorem [1]. The eircuit theory can be generalized to
represent varions nonlinear complex systems in the systemn topology with energy dissipation and energy
Storage as network thermodynamics (2] Here, encrey flow is handled in 2 contimuous manner under the
conteration of nergy. O tha other hand, it s hown i Staamo's nformasion heory [ et “al

minications are essentially digital; more precisely, that all technieal communications are
it 10 he gmeration, transmmission, and reception, of random binary digits” [4). Communication

tiacd by wilizing which break:

into smaller pieces named “packets®, for dynamie assignment of network resourees (5], If we handle
clectrie power in a digitized manner, power distribution will be cianged completely different from the
is digitized and
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Abstract

A power packet is a unit of electric power composed of a power pulse and an information teg. In
Shennon's information theory, mesages are representod by symbol soquenee in o digitised manner.
Referring to this formulation, we define symbols in power pucketization as a minimum it of power
transforrod by o tegged pulse. Hore, power is digitized and quantised. In this papor, wo consider
packetized power in networks for a fnite duration, giving symbols and their energics to the networks.
A network structure is defined using a graph whose nodss represcnt souters, sources and destinations.
First, weincroduce tho coneept of  symibol propagation maseix (SPM) in which symhols aro transferred
at Tinks during wnit times. Packetized power is deseribed ss o network flow in a spatio-temporl
structure. Then, we study the problem of sclceting an SPM in terms of transferability, that is, the
‘possibility o represent given energies at sources and destinations during the fnite duration. To sclect

an SPM, we consider s network flow problem of packetizod power. The problem is formalated ss an M-
convex submodular flow problem which s a solvable gencralization of the minimum cost flow problem.
Finally, through examples, we verify that this formulation provides reasonable peckctized power.
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1 Introduction

Eloctric power has boen considered as o contimuous flow beed on eireuit theory, in which power
flow i governed by Kirchhoff Laws and Tellogen's theorem [1]. The circuit theory can bo gencralizod to
represent verions nonlinear complex systems in the system topology with energy dispation and energy
storage as a network thermodynamics [2]. Here, energy flow s handled in & contimous manmer
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