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Survey on Factors of Geotechnical Disaster due to 2018

Hokkaido Eastern Iburi earthquake

Yukihiro KOHATA

(Received 23th December 2019, Accepted 20th February 2020)

Abstract

Natural disasters caused by huge earthquake have occurred in various places, and has made a great
impact on social activities and people's lives in recent years in japan. Then the effect on transportation
caused by disaster on earthquake is very high. The Hokkaido Eastern Iburi earthquake in 2018 caused
geotechnical disasters, which are large slope failures in wide area, and unique liquefaction at
Satozuka area in Sapporo city etc. In particular, serious geotechnical damages were induced in
Atsuma town recorded 7 on the Japanese seismic intensity scale (a magnitude of 6.7). The objective
of this study is to investigate factors for geotechnical disaster due to 2018 Hokkaido Eastern Iburi
earthquake in these region. In this study, geomorphic and geological investigation for factor of slope
failure occurred in the Atsuma town and that of liquefaction at Satozuka area in Sapporo city is
discussed. In the survey, it is found that the large slope failure occurred in the Atsuma town is caused
by Ta-d unit of Tarumae volcanic ash layer, and the type of slope failure is surface failure.

Keywords : Geotechnical disasters, Field survey, Slope failure, Liquefaction, Volcanic soil
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Survey Report of the Iburi-Tobu Earthquake Disasters

Yoshihiko GOTO
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Abstract
In 2018, an earthquake occurred in the Iburi-Tobu district in Hokkaido, Japan, and caused severe
disasters. This paper describes the results of field surveys of the Iburi-Tobu district. The results of

field surveys provide invaluable information for mitigating future natural disasters in Hokkaido.

Keywords : Earthquake, Iburi-Tobu, Field Survey, Disaster

1 IC»IC

Ab v 3 AR ARGED AR T HUR O R IRIEJR DI B W TRIE A SR A L. KRB ELZGI SR L
Tz ACUEE IR REHIEA VXA A VT 7 B L7 Megs e KILmg i (B T K RHEREY) - KRR HE
%) BIKS gAML TEY . TR oONEs R KU HY A HIGEIC LV A Lz mTREER my., Ll
AEHEE Z B D KILME Y o st & R AR IC B S B SRR AT SR, B OB 2RV TINnE
TIZE A ETDOR TR,

T2 (T AL E BRI TR LR RO R 2 R 5 720 dbiiE B Rk 2 ol & Lo e
FH - MR R BRI A 21TV MBI 2R B RIS 2 AT o T WSS 720 K LN H A O HiUET SRR R0
Z DA A RA T 5 2 &k ALEE R AR TR & 2 KBRKEORRK AR AW THETH 2,
ABFZE TR ALYEE PR R R Tl & 2 KRB FEORR 28R Y | S DIC Rk R K E 2 LimE N O
flu e (1 2 (ZALiEE B R e S ) THRAET D REMEIC OV T - ittt -, Zoto, il
T B RO sk & FEASL U 72 59 Uk (L H A o B S M AR A A ARER MU BT IR O T T o 72, E£72. BN
Hh Tl & T MR R AR B oD 2 0 KEEFH A A L7z,

*1 EWMITHERTE b OAEREIR



B
af
Y

2 PREFE

AAFgETIx, (1) ALWEE R AT O B 70 - #ERNFA, (2) LW E R O E 21 - HE
A, (3) EWA TR EICE X Rk Rm K EFEG O 3 SOFEEIT o 7o, ALUEEIBR HH O HUg
FHY - HEFHE I, IERBORERBS L O o BRIz CHEREZTV., REf o
Witz &7 7 k8 (B T kAR Y) (CBT 2B A Z 1T o 7o, ALWEE IR P O U 7/ - HiE S
FIFAA CIL, MRIRPEES (IS, grE, g, =800, g o) 2 di e Lo HEREEZ 1TV,
WE ST 7 T BFRHE AT 72, ERS Tl ERICE & - R 2R S EF & otk Tix, BN T
MBI X 2R R EOFICET D UM E ATV, KEFHDOY A NT v T E{To72, ZTD 3D
Dt ERE L, LB EIRF TR ENE X 2 RE L o R TRk AR 72 K E A X D WREMEIC
DVWTHREZ1T - 72,

3 RAERR

3.1 Jdb¥EERIREINOHE M - #HEEAOHAE

At E MEAR HCE MR THRA L 2R A O JRIR 28R 2 7o AbifgiE MEHR 3OH Uk o U /Y - HUE 5
IR B AN 24T o 7o, RIS, KILK DA, B, HUEFRRPEZ 02 U, AbifEE AR SO il <
TR EORKNAEREINCHOL NI LZ, ZORE, dbiERIRERTHIE CIIXS LT 7015
MEL M U 7o S KR HERE ) O AL EEK ISP AT KL BIEH L7 T 7 I NES B TWD 2 LN
RC&E T, 77 7EITEEXKILERD En-a (£ 2 DA, #ATKILERO Ta-d (£ 9000 4H7) . HAT
KPR D Ta-c (K9 2500 4EHT) . HEETAILEIE O Ta-b (FEEF 1667 4E) . 3 L OMERTK IO Ta-a (75
& 1739 ) 72 &b 7e b, KRS, ALWEE ILIR B0 R O R im AR EE S AR L 7o Ml 21X, Ta-d, Ta-c, Ta-
b, Ta-a ZHEFE L TEBY ., ZTNOHOBEBEORNT 7 7 BAMERENICLVAELZZ ENHL MR-
7=,

3.2 dbyEEPRIRTEI OB A - HBFRHREE

AL PR SR AR TR AR U 7o Rbim R B SCE Y | RSk AR EE O fh S TR & D RTREME IS DV T R
2 T2 0T AL IR 76 5 8 o0 55 kLS I B 2 MUETR A 21T o 72, T RS R, ALiEE LR v
WAL E Lol (D GRFISOT TOHIE) I8 W T, AFgIVT 70 bEH L7 KR
HeEM O LA, 72 Z ki, REKIL, BRI ENPOEHLET 7 7ENRELE-STWNDH I &
WHER TE 72 (Gotoetal.,2018), F 7o iflFR KPR HEREMILIEEERE Th 0 | B L7235 K Hergw &
BARLMBEIMNE A2 AT 5 2 L AR TE - (Gotoetal.,2019), FHE - fiFR L W & HICdbF D EER A
O FERIZ T TOMIB TIX, BT B U 72 28R KR HERE Y O EALIC, FEREK LB H L
2T 7 7BNEL B TWVWDH I ERMHRTE Iz, FWALUNOLEL LT 7 78I, REMKTELL O®R
FREEFE- TS, BLEo X 51z, AbyEE AR s Mg & [FAR T, Aty AR 4R 7850 Hhg L s B o
TGN 3T HIEDRRTE, 26077 7EBMEIC L 2EENIC KV BREET 5 FTaEdE:
IZDOWNWT, A%FMARREZITOLERND D,

3.3 ERACBECEEZHERERE

FE NS Tt B = - MR A A E K EICB T 2 KER O TR Z TV, 2 b O KFEF L AuyEE
ARLHR B AR oD S5 & Lhik « WAt U7z, 2 ofE 3, HERIC X 2 MEss K 1L H 4 oo KOBURR A} i AR 4 55 0
EINACHBEIZRAEL TWD Z ENHB Lz, Bl2IEA 20 704 A2%T 1883 4FHIFE ClL, =& A Ak
HHERE D HBIC IV ARE L, WY IFa—J i a RS T2 REELRESEL, =a—V—
T2 RTIE 1991 Fi2 7 v Z IUDOILNTEE DS KA L7228, Z OB CIOKMABEE LZ B2 b T 5,



bt PELR SRS MR S5 A A

ENTIL, 2016 FORAMBIZB W TREE I LT 7N TRBMEZRAENREA L TV . ZIuXFfE o v
T T B LT ME5s 70 KRR HERE M S S L CRAE LT LB 2 b N T D, e IR B E 5 E
X, EPSt TR EICE S ZFERRRERESN OB L T, REBOT 7 IENRHE LI L) RT, H
EOREFF LRI > T D, HEICIIMO CTEBEEORNT 7 7BREZ 0MT52 b, 20
RITEETRETHA I,

4 JdL¥EEICRT D BRKEDOBRMK

4.1 LHEECBITIERKE

e E T E IR K IUAN L < BARKENHEBEICKR Z 2 TH 5, ZoodbiEEICR T D HREE
ORI BBEOMETH 5, ALiE BRI HGE T A L-fmmEiE, BfEORWT 7 Z s, H
RICKDIRENC L0 AAE U CRAE Lz algetEns @i vy, AV AR B R CR8 AR U 7o R i AR 3B 1/ 72 &
ATOARKETH S, LFEEICEEBECERNT 7 IBBIAS ML TNDLI NG, Z0kH7H
AT OHRKELSILET D5 LITEETH D, MaFH 7 KL H) O B PR 2 OFEM 72 53 At 4 7
BT 5 LR, ARERRBGTHE TR E 2 KRB EDCIRKR AR L OA 2 67, fkIbE TR I Y
9 5 HIRKE ORI D, FRCALHEE M P Tk, Mg KU RN AL DT D 2 & DR
N, T K UEHOFEMBRTHAE - HRZED, HRTELSBETLHRETH S,

4.2 MEFFRAKIEHY ORI EHEICET DR HE

55 72 A LLE 4 o0 At T A SE S IR 1996 AR O bV B b o RVARTE T B R LTz, B b
T, BIE A DONAT a7 TAXA NEMERD KUY REL, KEREELZGIEEDL
Too T XD BRKEFEER T, dLHEE TIX 1996 LK, B =D NA T r s T AZ A ~OsrAmiH
T & 2 DK EIEFTED 10 8L EF TiThil TE e, 72, Bk b U X VO EHITIE, HH o B
R SRR DO ERIRR & SHL, D X O 2GRS L 2 8 BAE A E L2 rED b T
7oo LML ZOMEICK U, AbiEiE A8 R F MR 5F I3 LW B Ikl gy (s T 7 7 8)
MHFRIC XV A Lz, 20 X5 R MACK I HIC BT 5 HIERRS PRI 2 E Tk & A 8T
bivTnzpvy, dbipE RS HE CRA LR mAREIC LY 92T 7 7 BoMmRENEAET S
ZENHB LT, ARIIEBNALT 7 T EOMERAEICET 2R EAE - R ED L RETH D,

4.3 HIBRKEFLAXUKEOY V7

MBS E L KILREORGSMFIEIE, ARV 7 SETHET D& TH DM, HEMMEOEWCHZET
EOENOTZD, ZIVE TIEM A TP ITONTE T LRS- T2, Ao biEiE LR 5 S 5K
FZL D, HEREL KUK EOEMIEE Y 7 S8, BFEHFIE 2D 2 BEMENE £ - 72, A%
(2 & 2 EWA Tl E I & 7o R AR AR B SECF TR 92 SE B 0 SCERER A I K 0 | Ak RE AR ARG R
KEIL =L D70, B L KIUEHNY 7 LEKENBECLREL TS Z ML, L
E AR O R K L FRR R K EREHAINE L, 5% O RITEILTD Z &iE, EKILOZWILHEE I
BWTABOBRETH D,

4.4 RZELBREOBKEHE

e E AL G R TR A L7z X 9 2R AR O T 21T 9 721X, Bix e iF 9800 B & AR r L 7= B4
KRBV ETHD, ZOXIRMEEZED DD, KFEL HIBERIC L D - SHE L2 HE L, fm
M ORAEN R AHET 2 ENEETHA D, MBI KHEIC LD KFENIT OB K% % th e
IGETLTHIENTE, SHROBRICKRELELOLEEZLND,



b
af
W

A

RMEELZERT DICHID . R 3 0 4F B 5 Bl 136 K7 Al ifp i RE R A Hi iR 585 B8 20 & SC B i )
HERBEZMEMN L, ZZICHEZELRTD,

SCHR

(1) Goto Y., Suzuki K., Shinya T., Yamauchi A., Miyoshi M., Danhara T., and Tomiya A. (2018) Stratigraphy and lithofacies
of the Toya Ignimbrite in southwestern Hokkaido, Japan: Insights into the caldera-forming eruption at Toya caldera.
Journal of Geography (Chigaku Zasshi) 127:191-227.

(2) Goto Y., Danhara T. and Tomiya A. (2019): Catastrophic sector collapse at Usu volcano, Hokkaido, Japan: failure of a
young edifice built on soft substratum. Bulletin of Volcanology, 81, 37.



ETRAEF 69 & (2020) 13~19 4# ;%

Rk 30 AEALYEE ARIE B R TR A U~ Alm A EE O K b
R T 525 22

JUARS GERRS, FE T

URFa=ZAfrH Aot 10 H 31 H U EEH O Sf242 H 20 H)

Slope failures over a wide area in the 2018 Hokkaido Eastern Iburi

Earthquake and its evaluation

Shima KAWAMURA and Kohei KISHIDA

(Received 31™ October 2019, Accepted 20™ February 2020)

Abstract

The 2018 Hokkaido Eastern Iburi Earthquake caused a large amount of slope failures over a wide area.
In particular, the enormous damage due to slope failures was centered in Atsuma and Abira town which
are to the north of the epicenter. In Atsuma town, a seismic intensity of seven has been observed for the
first time in Hokkaido, Japan. The geology in this region was mainly formed from three kinds of
pyroclastic fall deposits (fa) erupted from Tarumae volcano, Eniwa volcano, and Shikotsu Caldera.
Especially, the serious damage was generated in these tephra stratus. This report summarizes
earthquake-induced damages on natural slopes, and presents physical feature and mechanical properties
of the collapsed pyroclastic fall deposits distributed over this area.

Keywords: The 2018 Hokkaido Iburi Eastern Earthquake, slope failure, pyroclastic fall deposits
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Field Survey Results of Building damage in Iburi and Hidaka

Regions by 2018 Hokkaido Eastern Iburi Earthquake

Yuya TAKASE, Hiroshi NAGAI and Mitsuo MIZOGUCHI

(Received 2™ December 2019, Accepted 20" February 2020)

Abstract

On September 6, 2018, Hokkaido Eastern Iburi Earthquake was occurred. The center of this earthquake
is Atsuma of Iburi region. Moreover, the maximum seismic intensity was 7. After this earthquake, the
authors investigated RC buildings and foundation damages in Iburi and Hidaka regions. As the result
of the survey, however very sever damages were not confirmed, there were minor damages at RC non-
structural walls, RC expansion joints and foundations on banking. Therefore, a structural design
methods are required for these members.

Keywords : Building Damage, Crack, Foundation, Ground, Lateral flow
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Survey of disaster waste treatment and disposal in Hokkaido

Hideki YOSHIDA

(Received 5" November 2019, Accepted 20 February 2020)

Abstract

Big earthquake occurred at East Iburi area on Steptember 2016 and many houses were devastated. Such
disasters left a huge amount of wastes in those areas. The disaster wastes in a small town was surveyed
for those quantity and quality in order to evaluate a safe and environmental sound management of those
wastes. The disaster waste generation based on the architecture elements was estimated to be about 72
tons per house. A hundred houses were demolished so far and the average disaster waste were monitored
to be about 87 tons per house by the suffered municipality. Those debris includes concrete (weight rate,
65%), wood (weight rate, 10%), etc. The total amount of disaster waste generated in Atsuma, Abira and
Mukawa communities is estimated to 77,000 tons.

Keywords : Disaster waste, Debris, Demolition, Generation
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The Longitudinal Research of Students’ Psychosomatic Influence

after Hokkaido East Iburi Earthquake in 2018

Jun MAEDA

(Received 8™ November 2019, Accepted 20™ February 2020)

Abstract

After Hokkaido East Iburi Earthquake, longitudinal research data (2 weeks, 1 month, 2 months and 6
months later) by questionnaire of junior high and high school student in the affected area were
investigated. Data shows high school student represent higher than junior high school student’s stress
level. And stress level is decreasing according to time elapse, however after big after-shock, most of
stress level become higher than after first-shock, especially irritative and feel illness response. Stress
response is easy to recover by stressful same event even after 6 month later.

Keywords : East Iburi Earthquake in 2018, Longitudinal Research, Student
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Abstract

Radio frequency (RF) energy harvesting techniques are becoming a potential method to power
battery-free wireless networks. In RF energy harvesting communications, energy cooperation
enables shaping and optimization of the energy arrivals at the energy-receiving node to improve
the overall system performance. In this paper, we proposed an energy cooperation scheme that
enables energy cooperation in battery-free wireless networks with RF harvesting. We first study
the battery-free wireless network with RF energy harvesting then state the problem that
optimizing the system performance with limited harvesting energy through new energy
cooperation protocol. Finally, from the extensive simulation results, our energy cooperation
protocol performs better than the original battery-free wireless network solution.

Keywords: Batter-free networks, Energy cooperation, RF energy harvesting

1 INTRODUCTION

Battery-free wireless networks avoid the battery replacement of the traditional wireless networks, which are
applied for more applications, e.g., wireless sensor networks'"> 2, Internet of Things (IoT)® ), and the fifth
generation communication networks®. In battery-free wireless networks, the nodes harvest energy from the
environment for the wireless communications, which can supply power infinitely(® 7.

Recent years, radio frequency (RF) energy harvesting is playing an important role in wireless networks that
wireless nodes can harvest energy from RF waves to extend network lifetime® % !9, For battery-free wireless
networks, RF harvesting is also considered as an emerging technology to maintain data communications !". Since
RF energy sources are discontinuous distributed, some wireless nodes are hard to harvest enough energy. In general
wireless networks, as the nodes in wireless networks have batteries to store energy, it is possible to maintain the
network through careful energy management('> '3, However, as wireless nodes need continuous energy
supplement, battery-free networks are difficult to work well on simple energy management?,

Energy cooperation is a potential solution to enable battery-free wireless networks with RF harvesting. Because
of the intermittency of Rf energy distribution, some wireless nodes will harvest more than necessary energy!'.
Energy cooperation means the wireless nodes with substantial energy can share their energy to those energy
deprived nodes, which is an efficient methodology to improve the network performance of general wireless
networks. As the nodes in battery-free are not able to store excessive energy, energy cooperation needs more
dedicated control to improve the energy efficiency.

In this paper, we propose an energy cooperation scheme to improve the network performance of battery-free
wireless networks. We first study the battery-free wireless networks with RF energy harvesting and introduce

*1 Department of Sciences and Informatics, Muroran Institute of Technology
©ACM 2018. This is the author's version of the work. It is posted here for your personal use. Not for redistribution. The

definitive Version of Record was published in ACM Transactions on Embedded Computing Systems,
http://dx.doi.org/10.1145/3141249.
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energy cooperation into the communication protocol. Then, we formulate the problem to minimize the overall
latency of the given battery-free wireless network with RF energy harvesting. We solve the problem of the latency
optimization with an energy cooperation protocol. We also formulate and analyze the efficiency of the energy
cooperation protocol in the given battery-free wireless network. For evaluating the energy cooperation
performance, we take extensive simulations and the numerical results show the network latency is decreased by
our protocol.

The main contributions of this paper are summarized as follows.

e We first study the energy cooperation to optimize the network performance of battery-free wireless
networks with RF energy harvesting. Since RF energy powering battery-free networking is a prospective
technology, our work is the first work to optimize the network performance through energy cooperation.

e We then design the energy cooperation protocol to minimize the network latency of the battery-free wireless
network. It is a challenging problem which needs to understand thoroughly the impact of energy harvesting
and cooperation in the battery-free wireless network.

e  We take the performance evaluation of the energy cooperation protocol with extensive simulations with
settings from realistic battery-free wireless networks. We also compare our pricing strategy with the original
network and the results show that our protocol decreases the network latency.

The rest of this paper is summarized as follows. Section 2 reviews the related work. Our network scenario and
motivations are introduced in Section 3. Section 4 presents the problem formulation. An optimal energy
cooperation protocol is proposed in Section 5. Section 6 gives the simulation results. Finally, Section 7 concludes
this paper and give the future work.

2 RELATED WORK

In this section, we first introduce some main technologies of RF harvesting in battery-free wireless networks.
Then, we discuss some energy cooperation strategies with RF harvesting.

2.1 RF energy harvesting in battery-free wireless networks

Some previous works focus on the design and implementation of battery-free wireless devices with RF energy
harvesting. Radio frequency identification (RFID) applications are considered as an important area of battery-free
devices.('® proposed a programmable battery-free sensing and computational platform for sensor-enhanced RFID
applications. They extend the maximum operational range of RFID sensing to 4.3m and provide a communication
channel based on RFID reader physical layer.

Harvesting ambient RF energy is an important method for powering battery-free devices. (7 first analyzed the
spectrum opportunities for harvesting energy from ambient radio waves. Through their analysis, harvesting RF
energy from ambient radio waves shows acceptable efficiency for powering battery-free devices. Thus,!®
designed a battery-free device powered by harvesting RF energy from indoor WiFi access points. Even though
they improved the energy harvesting efficiency, the harvested power is not enough for wireless communication.

Harvest energy from terrestrial television (TV) broadcasts is a perpetual power source for battery-free
systems.!”) presented an RF energy harvesting battery-free device to harvest energy from the TV broadcast. They
design a large log-periodic antenna to harvest 500-600 MHz TV signals and produce enough power for sensing
and communication. From the result, the harvested power is also limited for maintaining a battery-free wireless
network.

Some researchers introduce wireless communications into battery-free devices.?? proposed a body area sensor
node chip powered by both RF and thermoelectric power. In their design, the frequency-multiplying transmitter
can provide a maximum data rate of 200kbps. However, the authors only implemented a single node system and
the communication range is limited by harvesting ambient RF energy.

Thus, as a wireless network needs higher energy supplement than ambient RF energy harvesting, energy
transmitters or chargers are deployed for energy transferring. Previous studies proposed efficient solutions for
wireless rechargeable sensor networks®! 22 23.24.25) Although these works focus on batteries charging on wireless
nodes, RF energy transferring or charging shows enough capacity for powering battery-free systems. Therefore,>®
studied a battery-free wireless sensor network powered by RF energy chargers. They present a well-designed RF
energy charger placement to minimize the number of chargers. Their research shows that powering battery-free
wireless networks through additional RF chargers or energy transmitters is an efficient solution.

2.2 Energy cooperation through RF energy harvesting

Energy cooperation is an efficient methodology to improve the device energy supplement through RF energy
harvesting.?? first studied energy cooperation in the wireless communications then proposed a generalized two-
dimensional directional water-filling algorithm to obtain the boundary of the energy capacity regions. Based on
this research,®® presented a class of optimal energy cooperation policies in a multi-source relay channel model
with energy harvesting transmitters. They presented a unidirectional energy cooperation scheme which is more
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appropriate for the practical scenarios. The energy cooperation shows enough efficiency on energy transferring.

Energy cooperation is also able to improve the network performance.® studied the classic three-node Gaussian
relay channel with decode-and-forward relaying. For maximizing the throughput, they proposed a two-stage power
allocation algorithm to obtain the optimal solution. However, the three-node network is not so practical for general
wireless networks.

More studies focus on energy cooperation in more complex networks. For example,*? proposed an energy
cooperation model between base stations in cellular networks. They design an optimal energy cooperation policy
for minimizing the energy consumption of base stations.*" studied an emerging wireless powered communication
network which is similar to a cellular network. They proposed an optimal strategy to improve the network
performance through the energy cooperation.

Furthermore, as the frequency for energy transferring is usually different from data transmission for minimum
interference, some researchers proposed energy cooperation which is independent of data communications.®?
proposed an energy and information cooperation scheme in RF powered cognitive radio networks. A primary
network can provide both information and energy to a secondary network with RF energy harvesting, and the
secondary network assists the primary transmission. In their network settings, the RF energy transferring and the
data transmission is divided into two distinguished levels. From their simulation results, the energy and
information cooperation improves the both primary and secondary system.

From discussed works, the energy cooperation shows promising efficiency in RF energy harvesting systems.
Therefore, in this paper, we try to introduce the energy cooperation into the battery-free wireless network with RF
energy harvesting to improve the overall network performance.

3 BACKGROUND AND MOTIVATION

In this section, we first introduce the scenario of a battery-free wireless network with RF energy harvesting.
Then, we discuss the motivations on the energy cooperation to improve the network performance.

3.1 Battery-free wireless networks with RF energy harvesting

Because of the lower cost of maintenance and materials, battery-free devices are applied to build wireless
networks, such as wireless sensor networks and Internet of Things. For powering battery-free wireless networks,
RF energy harvesting shows better efficiency and available than other solutions such as solar radiation, the wind
and kinetic, as battery-free devices can harvest RF energy in communications and the ambient RF energy is almost
unaffected by environment.

— Battery-free wireless node
\ \/

/ /
RF energy harvester
[ |

RF-to-DC Power

1 . e T Microprocessor Radio module
conversion COI"IdItIOI"III"Ig

Fig.1 Battery-free wireless node with RF energy harvesting

We first discuss a typical structure of battery-free device with RF energy harvesting shown in Fig. 1. A battery-
free device will have an independent antenna for energy harvesting and another one for communications. As the
limited energy supplement, it is hard to apply the complex design that harvesting energy and communicating
through a single antenna. The RF energy harvester will transfer the RF energy to DC power. The power
conditioning in harvester stabilizes the power voltage for the workload. The rest parts are similar to an ordinary
node in wireless communications, which includes a microprocessor and a radio module.

For powering these wireless nodes, there are two solutions. One solution is harvesting energy from ambient RF
sources such as TV broadcast transmitters, cellular base stations, and AM/FM radio transmitters. Ambient RF
sources can cover wide areas and provide stable energy supplement. However, for a single node, harvested energy
is limited by the ambient RF sources. Moreover, as the ambient RF sources may operate on different frequencies,
it needs different antennas to harvest energy.

Direct RF energy transferring can be used for powering battery-free devices out of the ambient RF energy
coverage areas. In direct RF energy transferring, energy transmitters are set in the wireless network area and
transfer energy to wireless nodes through a specific frequency. For example, 915 MHz is a reserved frequency for
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wireless energy transferring and applied in some commercial solutions. Direct RF energy transferring provides
high efficiency through directional antennas in a short distance while the energy is significantly attenuated by the
distance. Moreover, the devices outside of the antenna beam are not able to harvest energy from the transmitter.
Energy cooperation seems a potential solution to improve the efficiency.

3.2 Energy cooperation scenario
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Fig.2 Energy cooperation with RF energy harvesting

In a battery-free network, as the energy is not distributed evenly, wireless nodes can cooperate with each other
for energy transferring. As shown in Fig. 2, we use an example to describe the basic scenario of energy cooperation
in a battery free network. In this energy cooperation scenario, there are battery-free wireless nodes, information
gateway, and energy transmitter. We use s,, s,, S;, s,,and s5 to denote the wireless nodes. The information
gateway transmits information to nodes in the information transmission zone and powers nodes in the energy
harvesting zone while energy transmitters power the nearby nodes.

As the limited range of information transmission, wireless nodes will cooperate into an ad-hoc network to cover
the nodes outside of the transmission range. For example, as node s, and s, are out of the information

transmission zone, node s, first transmit data to s, then s, transmit datato s,.For energy harvesting, as the
energy harvesting zone is much smaller than information transmission zone, additional energy transmitters are
needed to cover the nodes without energy supplement. In the example, node s,, s,,and s; harvest energy from
energy transmitters. However, for power node s,, node s, have to transfer extra energy through RF antenna,

which means energy cooperation.

In this case, there are several problems. First, as the battery-free design of wireless nodes, it is not allowed to
buffer energy in batteries. Second, as the limited transmit power, it will need multiple nodes to power a single
node. Third, the network performance is limited by the transmit power. As a result, we propose a solution to
optimize the battery-free network through the energy cooperation protocol.

4 PROBLEM STATEMENT
In this section, we first model the energy cooperation in battery-free wireless networks with RF energy

harvesting then state the problem of the energy cooperation strategy to minimize the network latency with a given
energy supplement. We assume the frequencies of energy harvesting and information communications are distinct
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with negligible interference. Each battery node has three antennas, in which one is for energy harvesting, one is
for information communication, and one is for energy cooperation. We also assume the network connectivity and
packet routing are not influenced by additional energy cooperation.

As shown in Fig. 2, we use § to denote the set of battery-free wireless nodes and s, (i<[L]S]]) to denote a

node in set S . For node s,, let H, denote the harvesting antenna gain and R, denote the communication
antenna gain. For the information gateway, we use P, to denote the transmit power for information transmission,
G, to denote the gain of the transmit antenna, and 7, to denote the distance between node s; and information

gateway. Let A, denote the information transmission frequency. Therefore, for each node s, we use Pf to
denote the received power from the gateway, given by

ps=p .8 ' ¢ (1)

where L is the path loss factor.

For the energy harvesting, we use B to denote the set of energy transmitters and b, (j €[l,| B]]) to denote a
transmitter in set B . For energy transmitter bj, let P, denote the transmit power for energy harvesting, G, to
denote the antenna gain, and 7; to denote the distance from node s,. Let A, denote the energy harvesting

b
frequency. Therefore, for each node s,, we use F

to denote the received power from energy transmitter b, to
node s,, give by
2
P’ = G A
g =4 2
(4 T ’Z/) L

Then, we study the original network performance without energy cooperation. We first study the transmit power

2

of a single node. Let P” denote the power consumption of the chips and related circuit in node s,. Let 7,

denote the energy efficiency from the harvesting antenna to the node s,. We use P° to denote the input energy
of the node s, as

|B|

W AUEY 3)
j=1

For the communication between two nodes, let P, denote the input energy of node s, received from node
s, , given by
P g R A )
(4-7-1,) L
where r, is the distance between node s, and s, .

Then, we study the data rate with the input energy. As we assume the network uses quadrature phase-shift keying
(QPSK) modulation, let P, denote the bit error rate (BER) for node s, receiving signal from node s,, given
by
2-E,
N,

where Q(-) is ascaled form of the complementary Gaussian error function, E, is energy per bit,and N,/2 is

B =0( ) )

the noise power spectral density.

As alow BER is required for the data communications, let P. denote the required BER and P; < P, for node

s, receives data from node s,. Now we study the relationship between BER and received power for node s,
receives data from node s, as

B B S

N;-P. N, B

where P, is the fading margin, N, is the noise power of node s;, fb, is the bit rate of the data transmission

i

(6)

fromnode s, to s,,and B isthe channel bandwidth of node i.

As N, = K-T~B,.”'+Nl.f where K is Boltzmann's constant, T is temperature, Nf is the noise figure of

node s,, the value of fb, is sufficient as



He LI, Kaoru OTA and Mianxiong DONG

2-B"-P,
fbik < 1 2 : lkw f (7)
(© (R)"-(K-T-B"+N/)-P,
Similarly, let fb, denote the bit rate from the information gateway to node s,, give by
2-B"-P¢
_fbl- < i i (8)

S (Q'(P)(K-T-B"+N/)-P,
Now, with the harvested energy from cooperation, we study the data rate from node s, to a given node s, .

We use C, to denote the antenna gain for energy cooperation of node s,. For node s;, let P, denote the
harvested energy from node % with energy cooperation, give by

B =F-F )
Therefore, with energy cooperation, the overall input energy P° is calculate as
H -C, -2’
B =P — e (10)
(4 . 7z' . ’/;k) . L

Thus, we study the energy cooperation in this network. We use P" to denote the power for energy cooperation.

i

With P",let P' denote the transmit power of node s,, given by

|B| S|

P =Q B +) P)n—P -F (11)
j=1

k=1
where ke[l,|S]].

We study the transmission latency of the battery-free wireless network with energy cooperation. In the energy
cooperation scenario, each node transmits the extra energy in energy harvesting to others, in which the energy
level for communications is not changed. Thus, the forwarding path in energy cooperation remains the same with
general battery-free communications. Let R denote the forwarding path from the information gateway to node
s, . Therefore, we use d, to denote the latency of transmitting one packet from the information gateway to node
s, , given by

d = ZL+ f‘: ! (12)
l .fbl k=2 fbk(k+1)

where s;,_,, 5 isthe nodes in forwarding path R, and [, is the packet size.

The problem of energy cooperation in the battery-free wireless network with RF energy harvesting
(ECBWN): given a battery-free wireless network consisting of a set of battery-free wireless nodes, an information
gateway, and a set of energy transmitters, the ECBWN problem attempts to adjust the output energy for energy
cooperation of each battery-free wireless node to minimum the transmission latency.

5 Energy Cooperation Protocol

In this section, we propose the energy cooperation protocol to solve the ECBWN problem. We first describe the
design of our protocol then analyze the performance in a given battery-free wireless network.

5.1 Protocol design
As shown in Algorithm 1, we design a protocol for energy cooperation in battery-free communications. First, if
the node receives one or more energy cooperation requests, the protocol sets the output power for energy

cooperation equal to the input power. We first set output power Pih for energy cooperation to input energy P°.

Then, the node will sleep until a packet comes.

When the node receives a packet, the node will put the received packet into the transmit queue for the future
forwarding. If the communication protocol and RF module are duplex, the node will send the packet to the transmit
queue simultaneously. For half-duplex networks, the node will wait all packets are received. In our scenario, we
assume all communications between battery-free nodes are full duplex.

For transmitting packet, as the node needs enough transmit energy, output energy P" is decreased and more

i

energy is reserved for transmitting packets. As input energy P° is dynamically varying with the energy

1
cooperation scheme, the node will adjust E” through an iterative calculation. For multiple nodes sending data or

harvesting energy, we assume there is a simple collision avoidance mechanism in each battery node. Thus, in our
protocol, the node will stop sending packets when the channel is not idle.
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The minimal voltage is the voltage for the radio module send packets with the lowest power. The normal voltage
is the voltage for the radio module and microprocessor working in the normal status. If the voltage is lower than
normal voltage, the node will multicast an energy request with the lowest power. If the voltage becomes lower
than minimal voltage, the node will sleep until the voltage recovery.

ALGORITHM 1: Energy cooperation protocol
Input: Node s;
Output: Output power P for energy cooperation

repeat
if Receive cooperation request then
Pl « Pf;
end
repeat

for packet p;p. in transmit queue do
while P! > 0 and fbi < fbmae do
P!« P! — AP;
end
Send packet pi;
end
until Transmil queue is empty or Channel is idle;
repeat
Put input packet p;i into transmit queue
until Input packet is empty;
until Voltage < Normal vollage;
repeat
repeat
Multicast cooperation request;
until Voltage < Minimal voltage;
Sleep;
until Voltage > Normal voltage;

5.2 Performance analysis
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Fig. 3 Energy cooperation for a single node

Then, we try to analyze the performance of the energy cooperation protocol. We first assume all nodes are
uniformly distributed in the network area and all nodes have the same parameters, which means

H=H,=..=Hg=H, B"=P'=.=R;=P", (,=C,=..=C3=C, and n,=n,=.154=n.We use S to
denote the size of the entire network area. As shown in Fig. 3, a single node can harvest energy from the nearby
nodes. We use 7" to denote the maximum range of energy harvesting in cooperation. Thus, the area for energy
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harvesting or node s, is 7-(r") . Let Sl.h denote the node in the energy harvesting area of node s,. Let
E(|S!|) denote expected number of node in S, given by

- (")

E(S! )= IS, (13)

We use E(Pr}f,) to denote the expected harvested energy of all nodes in energy cooperation and E(Pr’;l_) to

denote expected energy that the nodes in the circle harvest from energy transmitter b, . Expected harvested energy

E(P}) can ba calculated as

|B]

E(P})2 Y E(P;) (14)

Jj=1

We first study the case that only node s, is transmitting data while other nodes in the circle area are transferring
energy for cooperation. Thus, as we assume the nodes in the circle area can harvested more power than inherent
energy consumption, expected harvested energy FE (Prff) is calculated as

G[—IZC”Z4 2, S M 1
E(P!)~ P, -2 | |.j [ —_dxdy (15)
’ 64-7"-S 0P (x4 (=) +Y)
We also assume the 7"« 1, since the transferred energy from battery-free nodes is much smaller than the
energy transmitter. Therefore, we can get the expected harvested energy £ (Pr],’,) as
2 4 2
G,-H-C-1n ~|S|.1
32.7° ~rijz -S

E(P;)~P,- ogr” (16)
Then, with expected harvested energy from energy cooperation, let fb; denote the maximum data rate for
node s, transferring data to a given node k, given by
. 2-B"-P

) "By
.fbik - (Qil(PX))z~(K~T~Biw+Nl:/’)'Pf

7)

where R,’f is the new input energy for data communications.
Therefore, let A, denote the expected performance ratio of data rate between energy cooperation and original

protocols when only node s, is transferring data, given by

M, B B B +E(P) >1+H.C.772.‘S|,10grh

=Lk Tk Y

(18)

me BB B 2-7-8
where P is the received energy of node s, during data communications with node s, through energy
cooperation protocol.

Let J denote the expected number of hops for data forwarding. As the transmit power of the information
gateway is much higher than nodes, the latency in the first hop is much smaller than latency in other hops. Let A

denote the expected performance ratio of latency between energy cooperation and original protocols when only
one forwarding path is transferring data, given by:

A< 275 _

2.7-S+H-C-n°-|S|-logr
Now, we study our protocol performance with more throughput in the given network. We assume " is smaller
than the distance in one hop and the information gateway only communicates with one single node. It is easy to

(19)

know that for a given node, the expected ratio of the time for data transmission in entire period is 7 Therefore,

. . . 1 o J-1 . .
in a given time slot, only 7 nodes are transmitting data and > nodes are waiting or receiving data. As a

result, let B, denote the expected performance ratio between energy cooperation and original protocols of node
s, with higher throughput, given by

H-C-n*|S|(J—-1)-logr"
2-7-J-S '
Finally, Let B denote the expected performance ratio of latency between energy cooperation and original

B >1+ (20)
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protocols, given by:
B < 2--J-S '
2-7-J-S+H-C-n*-|S|(J-1)-logr"

1)

6 PERFORMANCE EVALUATION

In this section, we first describe the simulation settings then provide simulation results to evaluate the
performance of our proposed energy cooperation protocol in the battery-free wireless network with RF energy
harvesting.

6.1 Simulation settings

To evaluate the performance in general cases, we generate random networks and compare the network latency
of our protocol to the original network.

In our simulation, we run a python 2.7 script with the networkx library 1.6 on a desktop computer. After
surveying many existing battery-free or RF harvesting systems, we select the parameters of the simulation from
some practical works. We set the antenna gain of the energy transmitter is 15dBi on 915MHz, which is a common
value of commercial products. The antenna gain for RF energy harvesting is set to 7.5dBi from®®. We assume the
gain antenna for energy cooperation is a replicate of the energy harvesting antenna. From some previous works,
as the gain of communication antenna is usually very small with lower energy consumption, we set it to 0dBi in
our simulations. We choose a 100x100 area for all simulations and the default number of nodes is set to 200. The
default output power of energy transmitters is set to 30dBm or 1000mW. We put 4 energy transmitters in the area
for powering all battery-free nodes. The information gateway is put in the center of the area. In the data
communication, the information gateway sends packets to each node and at any time, we first assume there is only
one packet is transmitted in the network. We also test the network latency when two packets are transmitted in the
network. From the standard ARIB STD-T66C%, we set the antenna gain of the information gateway is 2.14dBi and
transmit power is 24dBm.

As there are no other energy cooperation methods for battery-free networks, we test the performance of an
original mode without energy cooperation for comparison.

6.2 Numerical results

We first study the harvestable energy for each node. As shown in Fig. 4(a), we use four energy transmitters in
100x100m area and calculate the energy that a node can harvest in every position. We use different colors to show
the value of harvestable energy. As the transferred power is quadratic attenuated by distance, the harvestable
energy is significantly decreased below -20dBm when the distance from the transmitter becomes 10 meters. From
the result show in Fig. 4(b), although each node only covers a small area, the energy cooperation protocol improves
the harvestable energy even in the place far from the energy transmitters.

Then, we study the harvested energy of nodes with original mode and energy cooperation protocols. We test the
harvested power of every node in the default settings and the cumulative distribution function (CDF) results are
shown in Fig. 5. Compared to the original protocol, the harvested energy of each node is increased by the energy
cooperation protocol. From the result, we find that the harvested power of node which harvests lower energy is
increased more significantly than the one which harvests higher energy in the original mode. The harvested power
of nodes which harvests -23dBm to -21dBm are increased most obviously by the energy cooperation solution.
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We also test the average harvested power in the simulations. As shown in Fig. 6, we first test average harvested
power with different output power settings of energy transmitters. We adjust the output power of energy
transmitters from 30dBm to 35dBm. From the result, we find the energy cooperation increases the average
harvested power of battery-free nodes. With a lower output power of energy transmitters, the average harvested
power of battery-free nodes is increased more obvious. As a result, the energy cooperation protocol performs better
with lower power from the energy transmitters.
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Fig. 7 Average harvested power with different number of nodes

Then, we test the average harvested power with different numbers of battery-free nodes. We maintain the output
power of energy transmitters as 30dBm and change the number of battery-free nodes from 100 to 600 and increase
100 nodes in each step. As shown in Fig. 7, the average harvested power is slightly increased by energy cooperation
protocol. With different numbers of nodes, the increased harvested power stays similar and average is about
0.5dBm or 1.12 times than the original mode.
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As this paper focus on the latency in data communications, we test the communication latency in the simulations.
As shown in Fig. 8, we first study the cumulative probability of communication latency. From the result, the
network latency is significantly decreased by the energy cooperation protocol. The network performance of nodes
with higher latency is improved more obviously than nodes with lower latency. Thus, the energy cooperation
protocol is a potential solution to improve the quality-of-service (QoS) of the battery-free wireless networks.
Moreover, we also study network latency when two packets are being transmitted in the network. The network
latency increases with transmitting more packets. With more packets transmitted in the network, energy
cooperation still performs better than original model with lower network latency.

As shown in Fig. 9, we test the average communication latency with different output powers. We maintain the
number of nodes is 200 and adjust the output energy of energy transmitters from 30dBm to 35dBm and add 1dBm
in each step. The average latency is also significantly decreased by the energy cooperation protocol with different
output powers of energy transmitters. The decreased average latency is about 4 ms with the output power of 30dBm.
When the output power increased, as the overall network performance becomes better, the decreased average
latency is not so obvious than the result of lower output energy.
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Fig. 9 Average latency with different output power of energy transmitters



Energy Cooperation in Battery-Free Wireless Communications with Radio Frequency Energy Harvesting

504

.
wn

e
=1

w
W
U
I
I
I

Average latency (ms)

-~
" =]
T » -+
4 4 -
-

- -
=F= Original +

25 4 =f= Energy cooperation L

w

=]
!

/

0 100 200 300 400 500 500 700
Number of battery-free nodes

Fig. 10 Average latency with different number of nodes

We then adjust the number of nodes in the network and maintain the output power of energy transmitters stays
30dBm. We set the number of nodes from 100 to 600 and increase 100 in each step. As shown in Fig. 10, the
average latency is significantly decreased by the energy cooperation protocol. When the number of nodes is less
than 600, the decreased latency is increased with the increasing number of nodes. When the number of nodes is
600, the latency with both original and energy cooperation protocols slightly increases. We consider its reason is
because the average number of forwarding hops is increased by the increasing number of nodes. As a result, the
energy cooperation protocol can decrease the Sms or about 15% of the average network latency.

7 Conclusion and Future Work

In this paper, we propose an energy cooperation scheme in battery-free wireless networks with RF energy
harvesting to improve the network performance by decreasing the communication latency. We first introduce the
scenario of the battery-free wireless network and RF energy harvesting and discuss the problem of the energy
cooperation in this scenario. We state a problem to decrease the network latency by energy cooperation then design
an energy cooperation protocol to solve the problem. We also theoretically analyze proposed protocol and evaluate
its performance through extensive simulations. Both theoretical and numerical results show that our energy
cooperation protocols perform better than the original network with shorter network latency.

In the future, we plan to implement a complete RF energy harvesting solution for battery-free networks to support
energy cooperation. Meanwhile, it is signification to find appropriate routing protocol to combine the energy
cooperation and packet forwarding. A deeper experiment with the real word testbed is also needed to evaluate the
efficiency of the new energy cooperation protocol.
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Abstract

By comparing excerpts from the Japanese TV film '"Yuube no Curry, Ashita no Pan' and from the
German TV film 'Die Freundin meiner Mutter', the meaning of breakfast for the respective
cultures was worked out. A major goal is to illustrate the cultural background for the respective
type of breakfast using frequently stated values or focal points of German or Japanese culture and
thus to locate the relevance of such values in everyday life.

Keywords: Food, Culture, Communicative style, Cultural style

1 INTRODUCTION

Food plays an outstanding role in everyday communication, as Wierlacher (2013) has illustrated based on the
three circles of culinary studies and hospitality developed by him. For these studies he also coined the term
‘Kulinaristik’. In the second circle of this Wierlacher model it becomes clear that food in every culture is associated
with signs, symbols, norms, rules and ways of speaking. In many cultures, food, its preparation, and consumption
convey numerous messages which are often expressed both extra-verbally and non-verbally. Although Mehrabian
(1972) already showed that this non-verbal part is very important in overall communication, it is rarely considered
in the scientific analysis of everyday meals, especially breakfast. The respective cultural styles associated with this
are rarely examined in this context (Wierlacher, 2018). The same applies to the aspect of time in communication,
which, as Hall (1976) has already clearly pointed out, is of paramount importance in overall communication.

There are numerous detailed descriptions of meals, including breakfast, in literature. Just think of Thomas Mann's
'Die Buddenbrooks' or Heinrich Bo1l's 'Billiard um Halb zehn'. In both works the exact description of the breakfast
scene is of great importance for the plot of the story.

However, the normal everyday breakfast is still rarely examined from a intercultural perspective (Wierlacher,
2018). The preparation and consumption of food are a total social phenomenon, as Mauss postulated as early as
1923, and carry all relevant aspects of the respective culture within these actions.

In this study, to return to Mehrabian (1972), the extra-verbal and non-verbal aspects of breakfast preparations in

*1 College of Liberal Arts, Muroran Institute of Technology
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two films will be examined, since they reveal much about the actual communicative and cultural styles of the
respective cultures and societies. Although it seems problematic to equate cultures with nations as in this
comparison, this procedure is still common practice and appears to many as "the best of all bad solutions" (Bolten
1999, p.13).

All cultures are based on common values, and some of them are universal. The difference is that each culture
emphasizes these values differently. Usually a certain range of values is predominant, as well as several acceptable
and unacceptable verbal and non-verbal behaviors. Every culture has its glasses through which the world is seen
(Moosmiiller, 1997). This does not mean that people have no choice in their behaviour or expression. It rather
means that these cultural frameworks are set by the members of a culture, mostly based on their cultural and
collective memory (Assmann, 1992). These frameworks represent a link between an individual member of a certain
culture and all its members. There may be aspects that overlap with those of other cultures, but a dominant

communicative style still constitutes every culture (Galtung, 1985).
2 BACKGROUND

2.1 German culture and its communicative style

Stereotypes about German behaviour and the German style of communication have always existed, as for other
cultures too. E. T. Hall (1959, 1985) and M. Hall (1985) were the first scientists to document German cultural
characteristics in their research on the handling of time, spatial behaviour and the context dependence of
communication. They describe German culture as monochronic, low-context-oriented, order-loving, and
emphasizing the appreciation of rules. In his comparative analysis of American and German communicative styles,
Nees (2000) describes that participants in German culture prefer long analyses and explanations as much as
thorough planning. He further states that many participants in German culture attach great importance to
professional competence, cultivate a very direct style of communication and prefer individualistic traits in fact-
oriented contexts. At the same time, he acknowledges that Germans are very consensual, but that consensus is
achieved through direct communication in official conversations where it is important to express one's opinion. The
strong content and fact orientation causes a reduction in the importance of the relationship aspects of
communication. "Direct attacks on the content of an utterance are common, but attacks on the person are avoided
through impersonal and objective communication" (Nees 2000, p.63). One reason for this specific characteristic of
the German communication style is the fact that honesty in conversation is generally valued more highly through
open expression of one's own opinion than personal relationships.

Contrastive studies of German and Japanese cultural behavior and communication styles emphasize the above-
mentioned aspect of the directness of the German communicative style. Watanabe (2006) analyzed German
Japanese business negotiations conducted in English. Her results show that German managers communicate in a
very matter-of-fact manner, are focused on the topic at hand and make little reference to the previous speaker. An
investigation by Hass et al (2017) of German students revealed similar auto-stereotypical assessments: they see
themselves as direct, efficient as well as subject- and problem-solving-oriented. This is confirmed by Huijser in his
book 'Managing Mindsets' (2011). The same cultural attitude can also be seen in the communicative style of news
presenters (Tagesschau), the news content as well as the editing and camera work of this news programme (Krause-
Ono, 2013), which is often dispassionate, distanced and under-laid with numbers. In summary, the German
communication style and prevailing cultural characteristics can be characterized by a) a high degree of directness,
b) a great appreciation of structures and rules, c) a clear distinction and separation between private space, time and

professional life, and d) a pronounced factual orientation.

2.2 Japanese culture and its communicative style
Japanese have - in contrast to Germans - a clear idea of a specifically Japanese behaviour (Stahl, 1999). During

the late Meiji period (1890-1912), certain characteristics regarded as Japanese were institutionalized, whether
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through education, the media, or official orders (Gluck, 1985). Since then, a wealth of literature on Japanese
uniqueness (Nihonjinron) has appeared (Sugimoto, 2001). The author also refers to the early studies, since their
research results are still valid and recent publications (Hass et al, 2017) report similar results. Most authors argue
that different schools and arts called do (way) in Japanese culture, such as bushido - the way of the warrior, kendo
- the way of the sword, or chado - tea ceremony, or the proper way of tea, share a common cultural basis. They all
involve not only the mastery of a technique, but also the mastery of a moral code or behaviour, including appropriate
verbal and non-verbal expressions (Coulmas, 2003).

According to Doi (1971) and Nakane (1967), already in the early stages of the sociolinguistic development of a
Japanese child (through the choice of words, expressions and the underlying cultural concepts), strong emphasis is
placed on the correct form of reciprocal behaviour in interpersonal encounters, with particular emphasis on
emotional importance. Meaning-distinctive concepts such as amae (indulgence) (Doi, 1971), enryo (restraint)
(Inoue, 1977) and haji (shame or embarrassment) (Inoue, 1977) are all used to define the self'as well as the other(s).
These as well as sasshi (the ability to understand and sense the unspoken) (Nakane, 1967) are closely linked to the
concept of the seken (the other), which is the basic orientation for outwardly directed behaviour (Inoue, 1977). All
authors stress that these concepts would not be so explicitly present or represented if the point of departure were
only the self and not the others. However, these concepts do not describe static positions, but change according to
the situation in which the individual finds himself. In other words, they are strongly situation- and context-bound.

In Japanese society, "...instead of recognizing a single social reality, there is rather a multitude of possible
perspectives of the self as well as of social life. Interactions in Japanese society focus on the right choice made
from numerous possibilities. In other words, what one says or does will be different in different situations,
depending on how one defines one's own perspective towards the respective social other" (Bachnik 1986, p.69).

Condon (1984) further shows that loyalty and group orientation have a high value in Japanese culture. Schroll-
Machl (2003) gives concrete examples of Japanese behaviour in business situations, which is often perceived by
others as vague, indirect and very reserved. The real issue is often face saving (one's own and the other's), harmony
and consensus orientation. This takes time, as it is necessary to gather a lot of information and to cultivate
relationships. In communication, aspects of relationships take precedence over factual aspects. A study by Hass et
al (2017) discovered that even young students avoid being in the foreground and tend to orient themselves towards

the current in-group. Great importance is also attached to details and aesthetics in all situations (Krause-Ono, 2013).

3 THEORETICAL BASIS
These idiosyncratic tendencies in the communicative styles of the two cultures, as depicted above, are also
reflected in the meals, especially breakfast. As already indicated in the introduction, the theoretical background of

this can be found in Wierlacher's three-circle model of culinary studies, which can be seen in Figure 1.

GASTLICHKEIT
KULTUREN

Zeichen Symbole
NuTRITION
Physiologie
Okologie

Lebensmittel-
sicherheit

Normen Regeln

Redeweisen

Figure 1: Strukturmodell der Kulinaristik (Structural model of Culinaristics)
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Quote: "The innermost circle means nutrition, i.e. the physiological necessity to eat and drink. It includes
ecological problems as well as questions of food safety. The second circle stands for the plurality of cultures. They
turn the realm of necessity into a realm of diversity of meanings, rules, signs, norms, rituals, ways of speaking and
symbols. The third and outermost circle represents hospitality. This is one of the oldest ways of communication
with which people regulate their coexistence across cultural borders."(Wierlacher, 2018, p.13, translation by the

author)

The second circle is most relevant for this study. It shows that communicative and cultural styles are reflected in
meals. This will be demonstrated in this study through an analysis of breakfast preparation and its consump tion in
films. Meals in films must appear plausible and completely 'normal' to the viewer in order not to cause dissonance.
Film sequences are therefore particularly suitable for an analysis of the respective cultural and communicative

styles.
4 METHODOLOGY

This pilot study intends to illustrate that even in such inconspicuous, trivial situations as the preparation of
breakfast, the cultural and communicative styles described above appear and presumably are the basis for the same.
In the Japanese film "Yuube no Curry, Ashita no pan' as well as in the German film 'Die Freundin meiner Mutter'
we found breakfast preparation sequences of about the same length (66 and 50 seconds). Both sequences were
without words and thus even more suitable for an intercultural comparison. The sequences were examined regarding
the type of music, number, length and type of cuts. Since the sequences cannot be shown in an article, we have

described the content of the individual cuts or scenes in order to make the following analysis comprehensible.

4.1 Information on the German TV film 'Die Freundin meiner Mutter' (The girlfriend of my mother)
The main characters are: the economically unsuccessful bookseller Jan, in his early 30s, shares an apartment

with Hannah, his best friend since childhood. His successful and lesbian mother Viktoria, who supports him
financially, would like to have a child with her partner Rosalie. Jan is supposed to be the sperm donor. Jan's father,
an unsuccessful writer, lives in his wife's basement and takes care of the garden and laundry.

The script was mainly written by Martin Rehbock from an idea by the late Ilja Haller. The film is set in Hamburg.
It is a comedy with an unusual theme, which is addressed in an uninhibited way. The film had a pred ominantly
positive resonance with the audience. It contains several acts in which meals/food occur. Of these, a 50-second

breakfast preparation was particularly useful for comparison with the Japanese film.

4.2 Information on the Japanese TV film 'Yuube no Curry, Ashita no Pan' (Yesterday's curry, tomorrow's
bread)

The main characters are: Tetsuko Terayama, a 32-year-old employee who became a widow seven years ago. She
lives with her also widowed father-in-law, a meteorologist and called Gifu by her, in his house. She was married to
his son Kazuki for six years until he presumably died of cancer. Tetsuko's colleague Iwai would like to marry her.
Oda, a neighbour, his wife and their 'hikikomori' daughter Takana (or Mumumu), a former flight attendant who,
unable to smile, gave up her job and now almost never leaves the house.

The script was written by Izumi Kisara, a well-known Japanese writer. The scenes and actions are so natural and
everyday for Japanese viewers they are completely salient and perceived as very familiar. Even more than in the
German film, there are actions in which meals/food appear. The scene of the breakfast preparation was best suited

for comparison.

5 RESULTS
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5.1 The Japanese breakfast preparation

Ist scene until 0'5": Close-up of a rice pot standing on a gas flame. It steams, splutters, and everything overflows
despite the lid.

Ist cut until 0'10": Close-up of the rice pot. Noises can be heard clearly and distinctly. No camera movements,
no music, but the scene radiates life, warmth, closeness and energy.

2nd cut until 0'14": Close-up of a quaking green frog jumping on water plants.

3rd cut until 0'18": Half total shot of an outer wall and gate to a ground-level house / property behind it. Bushes,
trees, laundry stands can be seen. From 0'15" on, music begins for the first time, individual tones plucked on guitar
or violin can be heard gradually evolving into a simple calm melody. Simple piano strokes underline them and then
take over the melody. Everything is very calm and slow. Frog in Japanese means 'Kaeru', which also means 'come/go
home'.

4th cut until 0'25": The camera is fixed in a medium long shot. In the front Gifu is sitting at the dining table. On
the right-hand side there are figures and other things on a windowsill. In the back part is the kitchen, Tetsuko is
standing and cutting something on a sideboard. Open shelves and a refrigerator can be seen on the left-hand side.
At the back is a wall with a window. In total there are three windows and the room is naturally well lit. Gifu puts
the newspaper away, gets up from the chair, goes into the kitchen to the gas stove and adjusts the flame. Tetsuko is
cutting something. Meanwhile, the music has become a quiet, simple melody plaid by a string instrument and a
piano.

5th cut until 0"28": Close-up of the cucumber slices and the kitchen knife cutting them, which is held by Tetsuko's
hand.

6th cut until 029": Medium long shot of Gifu taking the plate from the shelf on the left and placing it on the
right next to the cucumber slices cut by Tetsuko. He briefly says 'hai’ (please).

7th cut until 0'33": Close-up of Tetsuko's fingers placing the aubergine and cucumber slices on the plate.

8th cut until 0'35": Close-up of a plate next to it, as well as the fried salmon slice, which is placed on it using of
a turner and chopsticks.

9th cut until 0'37": Close-up of a bowl with natto plus the chopsticks with which Gifu stirs the natto.

10th cut until 0'45": Close-up of a pot with soup into which Tetsuko stirs miso using a ladle and chopsticks. After
three seconds, the camera slowly moves up to Tetsuko's focused face. Stirring in his natto, Gifu walks past her from
left to right towards the window.

11th cut until 0'53": Close-up of Gifu looking up out of the window while still stirring in his natto. In the
background Tetsuko is turning from the gas stove on the left diagonally to the fridge behind Gifu. When Tetsuko
opens the fridge, Gifu turns his head back to her, holding the bowl and the chopsticks in his hands. Tetsuko takes a
plastic box and an egg out of the fridge. She gives the plastic box to Gifu, who is half turned towards her.

12th cut until 0'57": Close-up of a saucepan in which bacon is sizzling. The camera is motionless. Tetsuko's
hands are cracking an egg and putting it onto the bacon. A kitchen clock shrills in the background. The gentle music
ends here.

13th cut until 1' 0": Half close-up of Gifu standing in front of the rice pot saying 'wow'. Tetsuko is standing next
to Gifu in front of the saucepan and holding chopsticks in her hand. Gifu picks up a towel to lift the lid off the rice
pot. Tetsuko looks at him from the side.

14th cut until 1'03": Close-up of Gifu's right half of his face and Tetsuko frowning at him from the side.

15th cut until 1'06": Close-up of the lid that was removed with a towel and the freshly cooked and steaming rice

in the pot. One hears Gifu saying 'oho'.
5.2 Summarizing the Japanese breakfast

Including the introductory scene, there are 15 cuts in 66 seconds. Almost all shots last more than 4 seconds. Food,

its preparation, as well as the protagonists are shown in close-ups.
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The atmosphere is calm, harmonious and without haste. The protagonists carry out the preparations calmly
anticipating breakfast. The quiet music in the background accompanies their actions. The sounds of the kitchen,
such as the spluttering rice pot, the slicing of the pickled vegetables, the sizzling of the bacon, the stirring of the
miso or the stirring of the natto, can all be clearly heard and are even emphasized. The movements of the
protagonists are calm and natural. It is a homely togetherness, so is every morning. Verbal communication is not
needed.

The breakfast consists of rice, miso soup, fish, bacon with egg, pickled vegetables and natto. The food is in the
center with many close-ups and aesthetic in its simplicity. There is no direct statement about the personal
relationship of the protagonists, but the familiarity and liveliness of the everyday common action is emphasized in
each cut.

It should also be mentioned that after 66 seconds Tetsuko says 'just a moment', but the following action is non-
verbal again for 50 seconds and proceeds as follows:

Tetsuko takes Gifu's rice bowl and tips the rice of another bowl into his. She holds it out to him until he takes it,
while she looks at him from the side all the time. Gifu slowly takes the bowl, looks at it and takes it to the dining -
table. Tetsuko spoons rice from the rice pot into a bowl, takes it and walks past Gifu through two rooms to the
house altar. She kneels in front of it, puts the bowl in front of a photo, and strikes a small gong. Then she folds her
hands, lowers her head for 3-4 seconds, stands up and walks back. The camera zooms in on the photo of a young
man on the house altar with a full rice bowl in front of his picture.

The dead are also provided with food at the same time as the living. And the next morning a living person eats
the rice not eaten by the dead. To live and to prepare food together is part of everyday life and normal. The actions
and motions are known. Everything is familiar. To trust and understand each other. There is contentment even

without words.

5.3 The German breakfast preparation

Ist scene until 2": Long shot of cranes and ships in a harbour. The pictures are accompanied by upbeat
instrumental music from the keyboard.

Ist cut until 5": Long shot of cranes and ships. In the foreground there are branches and leaves of a shrub/tree in
close-up and partly blurred.
The music for this sequence was composed by Tobias Wagner. It is peppy from the keyboard; the dynamic theme
will be repeated throughout the breakfast preparation scene.

2nd cut until 15": Full shot of two diagonally opposite doors at the end of a corridor. From 6"-11" the left door
opens, Jan comes out of his room, sleepy, in his striped blueish-yellow underpants and grey-brown T-shirt, half
reaching for his crotch. He walks half towards the camera to the right across the hall, probably into the bathroom.
From 12"-15", the right door opens, and Hannah emerges from her room a little restless wearing a short dressing
gown. She goes left across the hall into the kitchen.

3rd cut to 16": close-up of Hannah. The camera travels from her hands holding the mocha pot up to her face. Her
mouth is distorted because she cannot open the pot.

4th cut until 20": Close-up of her hands holding the mocha coffee pot, still trying to unscrew it.

5th cut until 21": Medium long shot of Hannah standing behind a shelf table. Behind her part of the kitchen with
a blue wall, clock, sink, sideboard as well as shelves with spices etc. and kitchen utensils on hooks can be seen.
Before her on the shelf table there are bananas and a bowl with grapes. Hannah cannot open the mocha coffee pot,
her left hand holds the pot to the side.

6th cut until 22": Close-up of her hand holding the mocha coffee pot. The latter is taken dynamically by Jan's
left hand.

7th cut until 26": Close-up of Jan going to the sink with the mocha coffee pot. Both he and Hannah are visible
from behind. She takes a metal can containing ground coffee from the sideboard, and while she turns and places
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the lid on the shelf table in front, he opens the mocha coffee pot over the sink.

8th cut until 27": Close-up of Hannah from shoulder to the back of her head. Her right hand takes from Jan's
right hand/arm the hopper of the mocha coffee pot.

9th cut until 28-29": Close-up of her right hand tapping the coffee grounds from the hopper into an octagonal tin
can.

10th cut until 29-30": Close-up of Jan's right hand holding the water-receptive part of the mocha coffee pot under
the tap and filling it with water.

11th cut until 30-31": Close-up of Hannah's left hand holding the hopper. Her right hand spoons ground coffee
powder from the can into the hopper. Her hand and the container are at the center. Hannah is standing at the shelf
table.

12th cut until 32": Close-up of Jan who is visible from the shoulder halfway from behind. He is still standing
unshaven over the sink and is yawning. On the wall in front of him there is a shelf with spice containers, a coffee
grinder and behind it a picture with apples and pears. The running of water can be heard.

13th cut until 36": Medium close-up of both. Jan is standing in front of the sink on the left in the back, holding
the container filled with water and is moving in Hannah's direction. She, having finished pouring coffee powder
into the hopper in her left hand, now with her right hand puts the lid on the can. Then she turns towards Jan and
with her right hand takes the water-filled lower part of the mocha coffee pot from his right hand. Hannah's left side
is visible, and Jan is seen from behind.

14th cut until 37": Close-up of a hob on the gas stove where Jan is igniting fire with a lighter. The thumb and
index finger of his hand holding the lighter are also visible. The flicking of the lighter is noticeable.

15th cut to 38": Medium close-up of a dynamic scene: Hannah moves to the left, closing the mocha coffee pot,
Jan moves to the right to the sideboard, takes the cutting board with bread on it in both hands and places it on the
shelf table in the foreground.

16th cut until 39": Close-up of Hannah's right hand placing the mocha coffee pot on the hob of the gas stove.

17th cut until 40": Close-up of Jan from the front. He is standing at the shelf table and raises his right hand.
Behind him Hannah can be seen from behind in front of the gas stove. Her right arm goes to the right and is half
covered by his right upper arm.

18th cut until 42": Close-up of Jan's outstretched right hand. Hannah's concentrated face is visible from the side.
With her right hand she puts the handle of a bread knife into Jan's right hand. His hand grasps the handle.

19th cut until 43": Close-up of the cutting-board, of a piece of whole grain bread as well as Jan's left hand holding
it and of the bread knife with which he cuts 2-3 slices.

20th cut until 47": Dynamic medium close-up of both. Jan in the center is still cutting the bread. Hannah on the
right can be seen from behind. She takes three white plates from the top shelf on the wall, turns forward, takes one
white plate with her right hand and places it on the shelf table.

21st cut until 48": Dynamic close-up: Her right hand places the plate in front of the chopping board on the shelf
table. With his left hand, Jan tosses rather than lays three slices of bread on it. His right hand still holds the bread
knife in his hand.

22nd cut until 49": Extreme low angle close-up of Jan on a motorbike. Both his hands are resting on the
handlebars and he is wearing a helmet. His motorcycle light is on.

5.4 Summarizing the German breakfast
Including the introductory scene there are a total of 23 cuts in 49 seconds! Most cuts are very short and take only

1-2 seconds. Large compositions and close-ups dominate. Apart from the protagonists, mainly things and objects
can be seen.

The mood is slightly tired. Nonetheless, even if something is troublesome, what has to be done will be done.
This seems to be underlined by the upbeat, rhythmic, repetitive music. The beat accompanies the cuts as well as

the movements of the protagonists. Even if the two are not in the best mood, they are a well-rehearsed team
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preparing breakfast. Their movements flow smoothly into one another. Words are not necessary. Both are efficient
and focused on their tasks.

The breakfast consists of coffee and bread, maybe also the bananas and grapes seen at the beginning. The latter
is pure speculation though. The preparation of breakfast and its contents (coffee and bread) are purposeful.
Everything is task-oriented, and the actions should be quick and efficient. The espresso or mocha should wake them
up, the wholemeal bread should give them energy, so they can start working afterwards (final scene on moped). No
statement is made about the personal relationship of the protagonists. The food or the meal itself is not emphasized.

The focus is clearly on things and tasks.

6 DISCUSSION AND CONCLUSION

Both sequences manage without words and nevertheless clearly convey each culture’s different communicative
styles in everyday life. One can argue that they are only part of a film and thus posed. But even in a film, everyday
situations can only go unchallenged if they agree with the everyday life of most of the viewers and thus can pass
'unnoticed'. This is the case in both films.

German breakfast preparation is characterized by a high degree of task orientation and efficiency. The individual
sections show objects whose context is linear and simple. The fact that something is annoying is not necessarily
hidden. Time-conscious, perfect and professional are further adjectives that come to mind. The electronic music
which rhythmically drives the action and masks almost all other noises reinforces this impression. The necessary
is done, but the food is rather spartan (coffee and bread). This preparation largely conveys the otherwise often
described (Schroll-Machl, 2002) German communicative-cultural style.

The sequence of the Japanese breakfast preparation, however, is characterized by numerous interwoven aspects.
The wordless but joint and interrelated preparation of different dishes is filled with familiarity, peace and serenity.
Not only the protagonists and the food can be seen. Also, all other aspects, like the house, the kitchen itself, the
arrangement of the things, the natural light as well as the simple music, which is restrained and thus clearly
revealing of all aspects, are of great importance. All these details, in all their complexity, result in an aesthetic
simplicity. Even the dead are not forgotten in everyday life but are part of life. There is no simple task orientation
here. The context is too big to be manageable for a single person. Relationship orientation is indispensable. This
breakfast preparation also shows quite clearly the often described (Huijser, 2011) Japanese communicative-cultural
style.

The reproduction of an everyday life which is self-evident for many succeeds by appropriate camera attitude,
camera guidance, recording length and the play of the actors. The communication expressed mainly non-verbally in
the two analyzed sequences illustrates more than words the German as well as the Japanese communicative -cultural
styles.

However, as this is only a pilot study, further studies and the inclusion of other cultures are necessary.
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Abstract

This paper aims to describe the functional characteristics of four sentence-closing particles,"da
ro", "daa", "de", and "dee" in the dialect of Tokushima spoken in the eastern part of Shikoku,
which is one of the four main islands of Japan. "Daro" has the function of supposition. "Da
a" is an allomorph of "daro", which stands for inference and the request to agree to it. "De"
has three functions: interrogation, presumption, and emphasis. "Dee" expresses the request for

confirmation.

Keywords : sentence-closing particle, supposition, interrogation, inference, request for confirmation
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Response to Hydrogen in Field-effect Transistor Sensor

with Platinum Nanoparticles

Hisashi FUKUDA and Yoshihiro TADA
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Abstract

A novel device based on nanometer size platinum (Pt) on the gate electrode of metal-oxide-
semiconductor field-effect transistor (MOSFET) for detecting hydrogen (Hz2) gas was fabricated. The
operation characteristics of the device for the detection of Hz gas presents as a function of Hz gas
concentration. The drain current in the output characteristics of the MOSFET increased rapidly
depending on the H> gas concentration. It was possible to detect 1,000 ppm for H> gas at room
temperature. A model was proposed to explain the operation. The sensing mechanism of the device is
supported well by the experimental data.

Keywords : Gas sensor, Metal-Oxide-Semiconductor Field-Effect Transistor (MOSFET), Platinum
particle.
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