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With the widespread use of renewable energy, microgrids composed of a large
number of nodes with small power generation and storage capacity have been realized. In such a
microgrid, efficiency of nodes such as reduction of power shortage and reduction of facility cost
can be expected by nodes mutually exchanging power. In this research, we focused on a system that
autonomously and dispersively distributes electric power within a micro grid. When multiple nodes
constitute a group, the optimum configuration is clarified by simulation under different conditions
of power interchange among the group and the group. Furthermore, we verified a method that can
realize time synchronization between nodes, which is required for autonomous distributed control,

without power supply.



¥ XL C—19, F—19—1,

1. WFZERG S PO 5

ﬁﬁﬁléhf%kﬁéﬂ%liwf%
i%ﬂ#w KRB SAORER & O R
% BEIZEBHNRDH Y | %ﬂﬁﬁét@@%@

ikﬁ%*i@%méw:k#ﬂ%nf
W5, I T, ZNHDEARRT R/LF—
HKEEIVADNIERT2E D MAE L
T~A7ul)y RRERINTWD, ~A
sar )y KT, BAERERH S CTHili
2170 BESEHIEA e S TR Y, B
&I DR RR TOE SO0 H
D%ﬁﬁ_kﬁT ETHD, ZDOLHMp~A
sna 7y RIZF o2 ur Y y RE %
M4+ 5z LT, i@i%& SV AT LDV
HTELZERMIREEINT,

2. WZEDHI

ARG TIL, FNEND ) — R ERE
CEBRENEESZHKD ) — RTHR SN
Te~A a7y ReEdgtds, 20k
A ru sy FTH, %ﬁ%ﬂliﬁl:iof
BIHARREMRIET D ENAgEL b L L
HiZ, FEFZIL VKA N CTEHERST
DBIEMHBELRD, LLERG, KK
e~wA vl Yy FEERRRE 5T
HEHAT D Z SITHFENTIER L HEEED
BAENLBFE LT AR, 22T, flHx D
J— RN EBED ) — R & BB D IEHR
R EAITH Z LT, BESEBMICHIETE
TENREFELNWEEZD, ZOXd7e~wAT
a7y KRB, BEECHEEHNEOLEIC
KL TEDE I BRIRDEENET D% 0
L\E@iiﬁﬁﬁﬁ%ﬁk&éﬂ%%6#

2T 5%, EHIT, POXIRBRETICBWT
b EESE Y AT ANEUNCEMEST 5720

(2. BHELEL LW RS FEIZON
f%@%%ﬁﬁo

3. WHEDTTik

KT ETE~A 707 ) v’
FO /= FoOWAEREK 1 1ZRT,

" Tfmm
[ /—-— N%%E@
Annujg 8"  J W Generaf
24905y allnng afl [y _2,
) j &
<MEL_AMK) <§71ﬂﬁ

K1: ~Af7uZ)y KEFORERK /) — K

— NIZHEBERE EEEBRNEFFL, AWVIC
ﬁﬂ@%ﬁo_&f BN EERT D 2 &
MWTE D, AWFFETIE, — MR FEICE T
5 1R 2 &@%$E&ﬁ% EhEELTA
THINTWDHT—H &I, /— ROEDL
w%yi;v—yayféfmﬁib%%
%Lto%h%ﬂ®/—Fm1ﬁﬁi&K%
BEREEEENEICESWHT, Ny T UDik

Z—19,

CK—19 (d:m)

RENEEHT D, Flo, ~A 787V R
BREBED ) — R THRESND 7LV —7
WZoET S e T, BhRMEE S —TNE
T N—THTRBIT 5,

K — Ri3E - EHHE - FE - @E0
4 ODOMETEEFF D, uTwﬁﬁ%ﬁéo

(DA — NITHBRENELEBEENOA
v T VERBREEEHT D,

QRN T VERENH LN UDIRD LT
BEA FTE-72/ — Rid, RCZA—7HNo
fhod 7 — RIZE RS % Bk $ 5,

@R LCZN—TWNIZES ZRGEATEER /
— R RO IIXENFEEZITY, ROob
RWEAIX, o7 v—70 ) — RichEH
RlE A& ER T 5,

WD T N—T B Z @ RET e ) —
R R ONUXEDEEZ1T 5, HEIRE)
HRZRWRRIE NSO 'BEEIT I,
WHORGHIEIX, BOORE, o/ — K
NHDOEFEE, BN SOHEED 3 #
DL, EBHRMBOEREZITI BMEIX I =
L—ya VEBICRETDLOET D, £z,
) RhE O RS IXE AR o 2 — Koo
vTVEREIZIVREALDLE L, Bl I
DENELHOLMNLORTE LAy T VK
ElpBEEOBRIZLIVIEDOLEND DL
T 5,

Al Al
— Y FUDKBOHE
BHA A~ -
oo (1) BHRBDER
\_/ —
WHRED
—~ 725 7
TORBEHT () IS IR
rJL,r; —
—RDV5 B
$ﬁ$€ RS (3 meERE
- — | s
TOMBERT (4 OER
| = — Y FUDRRDHE —

X 2: 7@ oD FIE

F7-. BHEMEL LWELRBIFE
DOWTIEL, KL CEE SN2 R Y b
— 7 T % MONOWIRELESS 1 Twe-Lite % M
WahZ kL, ZOFT /A AL IEEE
802. 15. 4 (ZYEHL LIRIEE HE ) T O@{E 3 Al
RRThdH, £/, BERFTLEE LD X
INCLRENTWD D, BREIRE CEE X
NAHVATACHELTWS, KHFZETIL, H
OB 72 REZ R F1ETH D Reference
Broadcast Synchronization (RBS) % . PRix
%ﬂ;ﬁ”T/\/l’ A THD Twe-Lite 12T 5 &

228 L CERE L, IR ORIz D0
T@ﬁ%ﬁ5:kkbko



FERCR

EAORMBICE L T, BREEOMEEIE
FEEBHAEE L, 3 FEMHDY I 2L —
va kB ERDZ, LTFORERICE
WTC, v~ 7uarly ROERENEZ (<A
a7y ReRok /) — K&, 71—
WD ) — K, SEISnNE7Vv—70%) &
HLTWD, M3 ITFEMELBELIZL /—Rd
=0 OB BRI E R, ORI,
BIREHERT D — RERZWZE, B

BB OERITZL D Z R ENTZ, £,

HEOREIL, ¥/ — FENLL e D1Z 80
WTAZELHONEIR 0T, ZHUE. R

— FEOEME & LI 7 N—TEHBHEMmL .,
TN—T7 R TTOBENRAOHEE N EH LT
WA EEZLND,

1350

1100 ‘ i i i i i

(36,9, 4) (81,9,9) (144, 9, 16) (144,16,9) (225,9,25) (225, 25, 9)
(2RO /—FE, TIL—TRD/—FE, T IL—TH)

X 3: /— Ko 0 oFEE mhsEE

N e =
o] I @
S G 8
3 S 3

1EM D1/ —F &Y DFHEHEERS
&
3

G+ 5 AT AT, %h%h@/—
RISESIARIZHEY | ﬁVD/ﬁﬂL_ b5E
TR 72 SN2 WA ﬁﬁAﬁ#
6®E%%ﬁo_kkbtok%%%$&k
OFERMERLEF—Da R~ &L T,
BHELEPLOEE IR MIREWEEZ
LD, TEDHREGEBREN V2L 7
DHEOICHIEHZIT) ZENREELWVWEEZ
b, FZTvA7u 7y KORDE
WHRBEBRBICED XS ICEEE 5 25
BiIal—iaickoTHRELE, X 4
Ry EHEERRIEIy A 7 u s v
R ORERIZIR S FIEIER U E 72> 72, L
LN G, BHMEOEIZLY, 7 — N
DIELOE TR — FESIT NV —T R KX
WIEE/NENWZ ENRDND,

420

g 360

B

S 340

i)

M 320

i

2 300

S

ﬁ 280

pi)
260
240

(36,9,4) (81,9,9) (144,9,16)  (144,16,9) (225,9,25) (225,25,9)
(£ARDEB/—FH, TIL—TAD/—FE, T IL—TH)

XK 4: ) — Kbz OYHEERE

F72, M5ITRT LT —FRbizho
FRIE N A N e+ L, T —7RNO
J—FENZ NI ET A NRELS B L
D OMNETeoTe, ZhUX, 7 —7HNTO
WIREEDS, ZV— T RITCOE )RR L 0K
DA PNTRERATEHZEICEDLDTH D,
J— RMEOIEFBHRN K E < 720 &I
WOMENEL 2 BI1FET NV —TNE @
@kﬁw~fﬁ*ﬁm@®:XB®%ik
L B ETHEND, ZORRITTN—T
W TOEEEE 7 — 7/ ToE 7 fEE
DAARAREZLSTELBELDTHATZD,
K ODBENRNRT A =Sl KM SED 2
ENREETHDHZ LRI,

51800

51600
51200
50800
50600 I

””””” i I R 0 B
50200
(36,9,4) (81,9,9)  (144,9,16) (144,16,9) (225,9,25) (225,25,9)
(ZRDB/—FE, TV—TRD/— K, T —TH)

S
w
2
5
5]
3

1/—F &Y DFHHEIR
n
S
8

X5 1/— Kb OFEBERa R

ENEND ) — R /) — Kb D ER
WKL CENTE T OENFEEZIT O T, R
LIZRT LT, TOEDLNINNyT UK
BORMMEIZL > TRESIND, £ZT, ¥
2b—va Lo T, BENRED LD
BEH 2 BT OWTHINE, M6 Lo, M
AKX THZELICE ST, &2 FM3HEIMN
LTWAZ ERNbMnd, Ziud, Bifz K
{F25ZET, J—FRoRyT VEENBEE
Z FEIDHEENEM L., SN D OE MG
DT Z L 2EWT 5, $720bb, 2%
noJ— R3fho 7 — RIiokk L CE Db
EATO T ORBN/NS L b=, iR L
TEHIRLER ) — RiX, BN E
%ﬁé LiZhsd, ZOXSICEER = A K
WG 2 DI RE NS, /= RI LItk
R BENICED D L9 R FANE
Fhb,

1 EREDOBIEOBE

BB EERENC
J—Ro/\y 5 UKkE[kWh]

FlE Y BENE[KWh]

(BB +1.0 Bk

(BB +0.7 Mk 0.3
(BfE) +1.0 ES :

(E3f&) +0.3 BLE 0.2
(E3fE) +0.7 E ] :

(Ffg) +0.3 Ri 0 (@& LY



70000

N

65000

60000

1/—R &Y DFHHEIRE

55000

50000
1 15 2
BhREERKY HRAEWh]

—-(36,9,4) —(81,9,9) ——(144,9, 16) —(144,16,9) ==—(225,9, 25) —=(225, 25, 9)

X 6: FESRLEORBE L = A H ORELR

IHI, EHEEET S V= n—_RT
o4 7N K o T RS H 72 R 2[R L2 B
L T % . Reference Broadcast Synchro—
nization % KEHEEELNL L EEHA X ¥ 8
VA R A DR TWE-Lite |[ZHEEL, &
DX DTN CREZ RN B TE D00 %
MR LTe, /— RO L MREEY AT L% X
7Y, TNETRD ) — RIZKEEELT
REINTEIN X - TEHRE) X v, PC IR
SNBE DM CTEBIEEITH., BIIZR
Ny MNEEREL, FhEEE L — NiE
BW Ry b o — VAN ROV TR
RN % ROBURITIRET 5, T aE KT
Z LT, Xy MU BEEFREIZE X
HBHZENRAHEE R D, 3/ — RTOHEBED
R, R21RT L HIC, AR EITOR
WG IXR AL D FREL| D X L 35 A LT
WO, BEHFRAEHT 52 LT 90 #JE
WoGAEICEWTHRAOTNEZHEI Y
ICHHITEDZ LRGN ERY | 1BEH
KOBFIMENRE N,

Reference node

P C MONOSTICK

Solar cell Solarcell Solar cell

X 7: REZIRIHEA S AT A ORERK

# 20 RN & D EFZR OFEEE (ns)

t=30s t=90s

Proposed Mean | 70.7 546.0
method Max _ 83.0 620.6

Min _ 52.9 511.8
Without Mean 1796.2 5363.5
proposed Max _ 1802.6 5373.9
method - 1 |

Min . 1790.2 5352.1

5. EIpFEIGm L
(WFFEFRAE . WHIE5HE M ORI IE4 12
(=)

(Fa¥ER) Gt 5 )

O HH¥ME ERIER, B a0 EHEIC
HEoOKEBREN s SN b~A 70T
U v ROHERTIEICBET D198, H#
LEES 5 80 [RI[E RS, 2018 4F 3
H 15 H, B

@ Hajime Kawagoe, Masashi Sugano,
Implementation of time
synchronization for energy harvesting
wireless sensor network, 2017 VI
International Conference on Network,
Communication and Computing (ICNCC
2017), #@iA, 2017412 H 9 H, B
B -,

DOI: 10.1145/3171592. 3171632

@ B, EEEM], REREICLDE
WMy NU— 7B DL E Mo HE
B, BETERBEESMNERE LBV
Y% U — I WL, May 2017 4E 5

H 26 H, HE

@ Tetsuo Yoshida, Masashi Sugano,
Evaluation of power interchange in
microgrids with autonomous
distributed control, The 6th
International Conference on
Informatics, Environment, Energy and
Applications (IEEA 2017), A,
2017 43 H 30 H, M - wlE,

DOI: 10.1145/3070617. 3070629

(® Masashi Sugano, Review on power
interchange technologies for
microgrid, The b5th International
Conference on Informatics
Environment, Energy and Applications
(IEEA 2016), &#if, 2016 /£ 3 A 27 H,
HFUE

6. MFIERER

(1) WFgefses

W IEMd (SUGANO Masashi)

KBRIFSE R « NS AT AR 450
B - Hdz

FgeE &5 80290386



