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Cooperative Power Generation & Utilization,

“Minna-de-Odenki”

Project

~ Implementation of Smart Meter System ~

Abstract: The authors have been working on “Minan-De-Odenki” project aims to promote the utilization of
renewable energy and form a community by showing the amounts of generating power by solar panels to the
community members. In this paper, three types of experimental smart meters and a communication protocol
with a cloud server, where the measured data are stored, have been described. To make the proposing system
become familiar and widely used, the smart meters were implemented on Arduino microcontrollers which
are open source hardware and “mbed” microcontrollers whose software can be developed on a website. It
is also explained how to include an existing power meter into the smart meter system by using a proposing
home gateway. The communication protocol used the get/post methods of http to make it easy and intuitive.
As an example of cloud services, a forecast algorithm of electric power generation for HEMS (home energy

management system) has been described.
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*4 Meet Ubuntu, http://www.ubuntu.com/ubuntu

*5 What is  Arduino?, http://arduino.cc/en/Guide/
Introduction
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Fig. 1 Example of structure of the proposing smart meter sys-

tem using HGW based on Ubuntu-Linux.

3.1.1 Arduino EHE-HGW [E&E

HYEE I A —% BIZfEA L7z Arduino <4 22 03, 4 —
T = AN= Ry =T ThDH. KM 1ITRT LT, K
e FV (PV) OER ) % RIS % PCS(Power
Conditioning Subsystem) O )& &, Btk Sl
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ZLITkoT, FEHRBZTHELTWDLENN PV ORE
BT THAZTHWDONENSTZZ ERDND.

Arduino EHFHIE 11273 F & 5 1T ZigBee BLk O MR
BV a— /LRI L, JELEE, Ei, KOInon
HRDIZEH, KOHWROT—4 % —EMEE (KT
40 ) ICEE LT A, B b L— KT 9600bps ThH
%. HGW fllic b ZigBee #ERE ¥ = — /LA ST
v, WETFT—4%%—HHGW TIET 5.

Arduino EHFE HGW BT —% 7+ —~ v b2 E 2
IR T. 1% > b 48Byte(B) & L, 7V 77 MEELEK
4B, ArduinoID(2B) IF EfZ/SA FA327 T 7 F7»6 Arduino
ERET D200 ID, TAL/SA k23 Arduino (286 S
TWABT AL RAERETHZHODOID E72oTWVWD. 2
DTFMNAAL FDTNRAAID T, MIET—FNEEET
D0, BABNETHDLNEXH LTS, AD[0]~
AD[5](4B) i% Arduino {2 6 > AD 2 N—ZRH 5 2
L, E7= cal[0]~cal[2](4B) IXZH & DfF EAFHER & LT
LR ER LTIEAFROLTEY THY, KRB TIER 2 0@ ©
fEAFHA STV 5. DD(2B) (X Arduino @ 14 KD T Y
Z v 1/0 OB RS, B B 51213 CRC16(Cyclic
Redundancy Check - 16bit) vy, HGW TV F = v
7 %479, CRC16 ® 7 )2 Y X AL Arduino 71 7 7
UERNTWD. ZELZIET —41X, —HHGW IZ
wESh, —EHEE (RETE15mE) 2777 FY—
NAEET 5.

*6 https://github.com/arduino/avrdude/blob/master/
crclé.c
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0] 1] 2| 3 4 5 6] 7
R/W fth
preamble (EL%0) Length | Control Arduino ID
AD[0] : EE1 [V] AD[1] : TiR1[A]
AD[2] : BIBEA1 [VA] AD[3] : HFE1[%]
AD[4] : HHEH1 W] AD[5] : Eifi2 [A]
call0] : £KEH [VA] calll] : £HFE [%]
call2] : £FHEH W] DD: digital I/O_| CRG16
()

[ [cReiemit#EiEE

K 2 Arduino E/F-HGW M7 —% 74—~ b
Fig. 2 Data format of communication between Wattmeter by
Arduino and HGW.

3.1.2 #IUBHFH-HGW H&EE
BEGFOREREFAT 56 L LT, HENF (KY-
ORITSU 45 2 % V80 — % —% KEW6305) % A% Tl
M=, USB T HGW [CEEERTHZ LICE Y A~v—
FA—=%{t L7, HGW 75— ElkgEE (KT 1 55)
WCHIET — G a~y RESrENFHCED Z Lk
0, T—HERE L. BB TEARET —Z XX 2 LFH
cho, MERZ, EE, B, ANEN, 1%, K
B, BHEREDTFT—EANEEND.

3.2 HGW-7 5 R4 —/\[&f
HGW TiX, £E N oXZE LT —2 %L FICR
N7 r—<y MIEW]L, 777 N —"~rET 5.
Arduino EFNO T —# #%f5 L7248, ArduinolD (2
Lo TERMGPHBITEHDT, ZNIIELETZ 7T R
= RNEET DT —F 7=~y bEFEWNGITS.
BET A2 EETLIHEOHGW £ 27 70 R —
NMOTF =427+ —~v MilzR 3(a) (2, BAE)E
T—2EFEETD25E %X 3(b) I~ 7. ArduinolD IZ &

DIkEE RO T 4 —/ RBREMAT 5. HEMICNZT,
HGW 0# 4 (producName), HGW DY 7 L& 5 (se-
rialNumber), HGW OE TIZERENTWLH <A1 3 %F
¥ 2 —/V ID(moduleld), A a3 EY 2 —/VZHER I
TWbE P4 (sensorName), &2 W %3583 5357
(sensorld), JEHOHEE (longitude), 2% (latitude), AT
i (address), BIEREZL (time) 7¢ £ DT —# % HGW T
ERT 5. Elot ¥ bILEHI G0t v OIS
Lo T2 RBEMEMRESNTL 20T, x5 L2 50E
EOFADR (from), x5 L 72 2REMITEE S5 5% (to),
HANT (unit), HIEME (value), HIEMEDSERE (resolution),
BESAT (in, on, at, of 2 &) ZrE D7 \F 4 HLHEL
. BEEE RO 7 0 —/V RiX, value 7 ¢ —/L RIZHHET
LT —HThD.

FERIZ, ESZENFNORET —F %5 LTLa 0,
HGW &7 70 R —ARHOTF—4 7+ —~v v NaR 41
RLTVS. ZORE bERAONESR. USB #it S
LY AL, DT 4=V RRERT 5.

HGW 2257 7 7 R — _"~DREEFFEITX 1 5E L, 7
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7% 75 ACHERL ACHERL
productName Ubuntu-nino O
serialNumber 001 (@]
moduleld Arduino-UnoR3-01 (@)
ST ERe Wattmeter—power.gen o
sensorld CT12-1 (@)
from pcs O
unit Watt (@]

O
value (2FHEAN) 987.123456
resolution 100
in house (@)
latitude 33.850437 O
longitude 132.774011 (@)
address BRRE (@)
time 20130101120000 @)
arduinoid 0x2101 O
ad0  (BEMN 106.06661 [@)
adl (B 1.384978 O
ad2  (RIBES1) [146.89996 (@)
ad3  (hE1) 61.776749 (@)
add  (H®HEHN1) [90.750023 (@)
ad5s (B2 1.361387 (@)
cald (£RMEH) [150.89996 (@)
call (2HF) 71.776749 @)
cal2 (ZEHMESN) [987.123456 O
dd (Digital 1/0)  |OxFFFF O

(a) RERT— 5 OB

754 7 HAERL | AR
productName Ubuntu-nino @)
serialNumber 001 O
moduleld Arduino-UnoR3-01 O
s Wattmeter—power.buy o
sensorld CT34-1 O
from epc [®)
unit Watt O
987.123456 (BN D (@)
value (2EMEAN) |LEFFTEEEKRT D)
resolution 100
of Whole-House O
latitude 33.850437 (@)
longitude 132.774011 (@)
address BIRARE O
time 20130101120000 O
arduinoid ox2111 O
ad0  (BE1) 106.06661 @)
adl (B 1.384978 [¢)
ad2  (RAEEHN1) [146.89996 O
ad3  (HE1) 61.776749 @)
add  (BFHEH1) |90.750023 e}
ad5  (BiR2) 1.361387 @)
cald (£RMES) [150.89996 O
call (2HE) 71.776749 [®)
cal2 (ZEHMEN) |087.123456 @)
dd (Digital 1/0) |0xFFFF O

(b) BEANEBNET — % OG54
B 3 HGW-7 77U R —H7F—4 74—~ b
(Arduino EEOHE
Fig. 3 Data format of communication between HGW and

Server. (When Wattmeter by Arduino was used.)

T R — L D@L, http D get X Y v REHWT
BN R0FTWEEIZ LTS, 757 RYF—R(C
L, httpd USMIHERIZ2 Y 7 RO = TIEARETHDH. AfaT
IEFEE L TRV, get 23~ KDL AR A2 HEMS
ROz~ y REMIdiu, FEEFORERHES 5T
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HGW KEW6305

WP (B EHEHI-EE) |5781.259766
WP (BHENEEHE) 2676.689941
-WP (EREHELI-ELE) 0
-WP1 (B EAZ-EE) 0
WPT (FHEHERM-#KLE) |5781.259766
WPTI (BIEHE1-#BE

productName Ubuntu—nino (@]
serialNumber 001 (@]
moduleld KEW6305-01 (@]
sensorName Wattmeter—power.consume (@]
sensorld 1P3W O
unit Watt o]
value (BEEH#F) 534.123456 @)
resolution 110
in house ®)
of air—conditioner o]
latitude 33.828529 ©)
longitude 132.77695 ©)
address BRAFE (@]
time 20130101120000 ©)
ELAPSED-TIME (#2i885[) |00024:21:57 O
Vi (EE1 105.300003 ©)
V2  (BEE2) 105.199997 ©)
Al (B 5.441 ©)
A2 (BiR2) 5.391 ®)
P (BZENHFD) 534.123456 O
P1  (H®EAHND 240.300003 (@)
PF  (2ADAHE) 0.469 O
PF1  (HEFE1) 042 [®)
S (RABE H#F) 1140 O
St (RMEEH 572.700012 (e)
@)
@)
[®)
®)
[®)
®)

2676.689941

4 HGW-27 77 FY¥—"BF—4 75—~ v |k
ALSrEFOLE)
Fig. 4 Data format of communication between HGW and

Server. (When Wattmeter by Kyoritsu was used.)

D, LX) T 4 ~DEENNLIEL 257280, 4
HOMETHD.

3.3 mbed ¥4 1t HGW

Ubuntu-Linux it HGW Oz, Web %1 ~ ETHHZT
X% mbed v~ A 2 255 HGW b FELELE. AL
7w A DERANy 7 E2FK LIIRT. EETS —V
XY MDA E—T 2 —2A%FEHFH L TEY, Internet |ZHE
BT b LN TED. 22T 32HCik~7z HGW #hE
F4EF 25 Z £ ¢, Ubuntu-Linux it HGW Z®RHE35 2 &
7T R —AN"NUET —F HEHERETE D, B
TEREDIHEE TN IW Th Y, <A 2 AR 5,000~
6,000 I CAFTE L7120, KHEEIL, K= Mz
FHTHD.

[BAZeTBTAZ] 7y FTIIREBERET —X
PN, IREE, B, MELINELTRY, AfRTIEE 5
WCART I, ZNH%E mbed v 2 THELEREY 7
A RY—"~rik L7=. NTPClient 74 7' F U*8 ZH»
TEHIERFAZ NTP — "o BfE L, 777U Rih—nE

*T mbed NXP LPCI1768,
mbed-NXP-LPC1768

*8 http://mbed.org/users/donatien/code/NTPClient_
HelloWorld/

http://mbed.org/handbook/
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F 1 mbed v AL DAY
Table 1 Specifications of mbed

A—T1— NXP Semiconductors
Zrt vt | ARM Cortex-M3 (32bit)
A= 96MHz

FLASH 512KB

RAM 64KB

B EEE 3.3V

IR USB 721 VIN ~ 4.5~9V
WHEES 1w

i 5000~6000 M

S RE 4 mbed 24 3>
RELUY Hai

B5 Av—FA=—FT AT A
(mbed ¥ A = it HGW ZFIAT 5455)
Fig. 5 Smart meter system using mbed based HGW.

_/

F—5% F—5f1 Tl
productName  |mbed O
serialNumber 001 @]
moduleld mbed-001 o
sensorName Temperature—sensor o
sensorld LM60 O
unit degC (@]
value (KUi) 20.123456|O
resolution 1|0
in laboratory O
latitude 33.828529 @]
longitude 132.77695 O
address BIRKE O
time 20130101120000 @)
temp (KR) 20.123456|O
RH (GEE) 30.123456|O
Lux (BBEE) 40.123456| O

6 mbed vA T HGW-7 77 R — 7 —F 74—~ b
Fig. 6 Data format of communication between HGW based on

mbed and Server.

DIEIZIX, httpClient 74 77 U* @ post AV v K&
AL TW5. Ubuntu-Linux jt HGW & 27 7 RH—
ICOmEEREKC, B 6IRTTF—47+—~vv %
EER L, 1 0B CRIET —X% %27 77 R —Imk L
TW5b. 7238, mbed ¥4 2> O/ TIZ Arduino v A =2
B SN DY E 1, producName, serialNumber LA+ D
T4 =V RER 3 DT —F 7+ —~ v MNIRD.

*9 https://mbed.org/users/donatien/code/HTTPClient_
HelloWorld/
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2000 A ‘ ‘ ‘ 60
gEN.POWET e
rs of sunshing =======
2000 1 50
\ . 1 40
1500 \
. / \ |
1000
500 \ 1

1

(99/26 09/26 09/26 09/26 09/26 09/26 09/26 09/26 09/29
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

time

=
°

gen.power [W]

B 7 FEEe HERRORBE. (2012/9/26 HIE)
Fig. 7 Relationship between power generation and hours of
sunshine.(2012/9/26 measurement)

4. 959 KH—ERH . HEFH

4.1 HXET= L HERMEOMHEE
MELERERT—XIE, HGW 2EHL T U K
P—NIZEHINTWDE., ZOT—2%7 7347 Ml
PC 23, —ERMEICRET o L9 Lz, F£72, BEELE
FHEEM RN & B 2 b b HIRIFR T — % b KR Ty 1 b
DT AFZNEEAL, 1 HORERL HRBIEFE AR C
7T 7 BEICERTHERTEDL L)L, BREEM T
HEEECHIE SN 5 A& 120W/m? LI ETH DI &
EFERIN, BFHLETAX AT, 1M LIRS
7T-HES A R s S T . 1H@%$E&H%ﬁ
MaEmg L2 R 7I12R79. ZoFTIE 1 HFIFN
wtt@a%ﬁ%m%é(mmmm)ﬁ&b,%%%m%
BEZR R MO TWV D, PV IIEHEICREL TWDH O
T, 12FRCREENEE TV D, BB TR 2
ORBEEEZRTHRITFFFF LTS,
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Fig. 8 Correlation between power generation and hours of sun-
shine. (2012/10/15~12/10)
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Fig. 9 An example of power generation forecast
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T, 20124E11 H 21 H~12 A 10 H & 20134E 1 H 1 H~
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