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Developing an electrical power visualization system
ulilizing cloud computing

RYOUSEI TAKANO, ! HIDEMOTO NAKADA, !
TosHryuki SHiMIzU™! and Tomoniro Kupon'!

Visualization of electricity consumption per segmented unit, such as a power
distribution board and a breaker, in real-time is becoming essential to plan-
ning finer electricity savings. For collecting and processing a large amount of
distributed measured data, the total cost and scalability of a system have be-
come key issues. Our newly developed system helps reduce total system cost
by utilizing cloud computing for data collection, and employing low-cost power
measuring units (2500 JPY per measurement point). A system with 290 mea-
surement points covering a server room and a laboratory has been successfully
installed at AIST to provide a model for visualizing electricity consumption for
individual equipments.
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Fig.1 Overview of the AIST electrical power visualization system.
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Fig.2 Power measuring unit [size: W 90mm x D 45mm x H 25mm] (left, middle), Sensor built-in Power Strip(right).
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Fig.3 Measurement data collection unit [size: W 400mm x D 250mm x H 60mm].
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Fig.4 Visualization ppplications: browser application (left), desktop application (right).
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Fig.5 Power visualization REST protocol.

Excel % Google Docs 12k % av 7 4 FRED—TLEHBREA T 5,

B Z X, http://xxx.appspot.com/latest ~D GET Y 7 ZA MZXW LT, XD LI %
RERDMGF 6%, 24U 2011 4 10 H 29 H 6 1 31 7RO SEHI QM 2EE ) (eI
7y b)) ZARLTWS, a8, T#) DREHSCHERICHFALZa A Y FTH Y, FHED
FEITRER TG E NG,

{
"power": {
"aist.a02.2-12.1F.0:01141-1.p0": [1844.0], # Hiff 100V x 4 7u—7
"aist.a02.2-12.1F.0:01141-1.p1": [82.0],
"aist.a02.2-12.1F.0:01141-1.p2": [341.0],
"aist.a02.2-12.1F.0:01141-1.p3": [55.0],
"aist.a02.2-12.1F.0:01141-2.p0": [831.0], # =M 200V x 2 7u—7
"aist.a02.2-12.1F.0:01141-2.p1": [2779.0],
},
"time": 1319837460,
"timeStr": "201110290631"
}
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x 1 #HAHWEHL REST API
Table 1 Power visualization REST API list.

path method | i

/update POST F=5D7y7u—F

/latest GET RO 1 FEO LS ) oI
/latest, COUNT GET I#T COUNT 43 D Vi 8 1 DML
/summary.s/YYYYmmDDHHMMSS,N GET fHERA DS N Bo7—% Ol
/summary.m/YYYYmmDDHHMM,N GET HERAD S N 5707 —% OHE
/summary.h/YYYYmmDDHH,N GET ER S N R0 7 — 8 OH
/summary.d/YYYYmmDD,N GET faER 2S5 N HO 7 — % Ol

/query.s/LOC/YYYYmmDDHHMMSS,N | GET HESHTT LOC DIRERZD»S N o
F—% O (LOC I prefix match)
/query.m/LOC/YYYYmmDDHHMM,N GET THESLITT LOC DIRERZID» S N 5D
7 =% DS (LOC I prefix match)
UNIT.ID ® 2 v 7« 7 OHdT

UNITID ® a2y 7 4 7 DOEE

unit-con _
/ fig/UNIT_ID GET
/unit-config/UNIT_ID PUT
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pmon.py (ZEREIRHC 77— IR — 05 2> 7 4 JIEREZIUE L. WO 7 — & Hhid
LT 5, av 74 7RI, 2 EREROFHIITHEL 2, &7 80— 7 DN
FHE (PhAdy) &f5RE (MpAdj) BaEh s, BHFHHI=y F» 53, 1 BEICHH
2390° B2 2 (Veos, Vsin), 70 —7 & OMAHA 90° £ 285 (J1, JQ) 37856
ha, GREN (PWI), EHEN (PWQ) ERICRTHADLSRDZ 2 ENTE S,

Vabs = v/ Vcos? + Vsin?

KI = MpAdj x cos(m x P?géd]

PhAdj
180

), KQ = MpAdj x sin(m x )

Vcos Vsin
PWI = Vabs X (KIx JI+KQx JQ) + Vabs X (—KQ x JI+ KI x JQ)
Vsin Vecos

PWQ = X (KIx JI+KQ x JQ) — X (—KQ x JI+ KI x JQ)

Vabs Vabs
pmon.py X OERIE % 20 BEEL, K6 TRLAT Yy 7v—FHD JSON X

FHNRER L, 77— FUES —NITKET %, BHRIFZORYEL ZITERFES 5% 2

ETRED, B, WHIEBNEINELEELRD D LIEZ 05, BUERIELL Tw 5,
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{
"id":  "F—FINEa= v I ID"
"time": "7 — & IUFKHE (UNIX epoch KffH]2» & DfGEFIE)
"power": {
"sensor0.0": [VALO, VAL1, VAL2, ..., VAL19],
"sensor0.1": [VALO, VAL1, VAL2, ..., VAL19],
"sensorl.0": [VALO, VAL1, VAL2, ..., VAL19],
}
}

power DHKFEFIE 70— 704 L ZDMEDORTTH S, Willbldryd—%E T7a—7&KF5%E" "
THY L 223FFITH D, flHE 72— 7D tine 205 20 HRICE T 2 KD OMMAESN (HLIZT7 v F)

BIRY,
Be6 7v7a—FHJSON 7—=%74—<v |
Fig.6 Upload message formatted in JSON

3.3 F—YPREY—NOEE

T WES — NTiE, 17T & OBHALDT—4 (PowerMinute), 1 RfEZ & Dy Hify
DT —% (PowerHour), 1 HZ & D 1 IKEHALD T —% (PowerDay) ZiE# L T\ 3,

T=FINEL=y DTy 7T — O, 77— %1% PowerMinute D LY 7 14 T 4
(La—"F) sLTEMmEnsg, z2nERRHIEEEZEHE L, PowerHour D&Y7 %43
74—V F%EEHFT 2, 2D PowerHour DHEHIE, GAE DF A7 ¥ 2 —HEEZ VTN y
JTI Y RIAELTETING, £, 1 REIC 1 cron ¥ A7 23 IERHICHE) L |
PowerHour (2 ® & N 7G5 % > T PowerDay T¥ 7 4 74 ZHH T 5, kB, 7—%
NEL=y P D ORETIENT—F 1 float LTH 203, 7—F A b 7 ~O{RFER % B
T 570, REGEEZ % short BICRAEL . FEEIE & v HHBICRED,

FT=F WL =N, U7 7V 7= a v h oY JZAMBL T, T—F AT
2R LIRE T 2RO, BTV T AT 40X — I LGz a—FLTw5 7%
O, FFEDIRA, FFED X VI T aEbyid, HEIMEEZ T —% 2 + 7 Ok
Ex O EERANT I LI TE S,

F/, VIZAMINTEEEEZ X vy 2§52 8T, MBEE~OAMZERL TV
2, 779 hOWULT 7V r—v a VIEA—D Y T A R T — S UEEY —NITH L
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{
"time": "7 — & BUHEE (UNIX epoch Wi & Of@EHE)
"timeStr": "7 — & IS (CCFEFIZKRL YYYYnmDDTHHMM) "
"power": {
"LOCATIONO": [#lHlfii LOCATIONO DEE/IME (W) 1
"LOCATION1": [FIHIfif LOCATION1 DE/IME (W) 1
"LOCATION2": [GHlfi§ LOCATION2 DE /I (W) 1
"LOCATION3": [llllfif LOCATION3 DEE/IfE (W) 1
}
}

LOCATION (" : & TR S 7 7S, Bl Z 13, "aist.a02.2-10E.4F:411.A0" \ZFERRHT 3R
A 2, 2-10E B, 4F ICEREI N A — P2 50 S N7z, 411 5= A0 v YV OERERL T» 3

7 ¥7vu—FH JSON 7—%7+—<v b
Fig.7 Data download message formatted in JSON.

THITT %, TDRD, 77 7F LOAFULT 7V r—> a vsw{ DE# L T/ & LT
b, FRICT—F A+ 7 ORI THONLDIF 1712 1 ERZTTH S,

34 BREEG

PERTFN DFIE Y — = 249 ik X VA FBERE 41 M OAEF 290 MAFHIL . wm%
Y TNE A LRI BEOM B 2 UL CE 2 AT LR ML 7o, FHIIBEERIC
R =N Ry PU =7 AL v FEOEBRESEEZ LU O, ZEHE ﬁ%%%%mw®%%
RMEIEEND,

#—Nfru4A@f—&WE1:vba66ﬁ@% A=y F2RRIEL 72, Z D
HRBUE 249 & 72 %, I HICHHFERRMERICIE 3 BT — Y INEEL=y M & 16 BDE
ﬁﬂlavb%ﬁﬁtto%@%Mmﬁu4ﬂﬁk&é B9 1Z9 — NEN O ERICERE
SNEHFMEY 2 -V TH DB, KB FVTHAL VR IV AT FIT o0
TWAZ EDbhrs, 10137 ) —7 7 AICHBEINLT—2IEL=y FTHDH, 28
BOBE ML=y P BRI, BHFT—22IELTHD

T—=FIEL=y D CPU A— FIZB T, CPU AFRIZEGH2=y % 1 GfiH
D E— 76T 10%. 20 BT 60%. 28 BT80%THo7, Tk 32 BEHKOE—2
CPU i HZIEH 90% & RIAF 4, BRI CH oMtk 32 L b o7,

F—ZUWEF — NF GAE LD 1A v AZ v R LTHEITENS, BURTIE, F— 7 Ik

Vol.2011-0S-119 No.5
Vol.2011-EMB-23 No.5
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{
"idh: Ty =y T ID
"description": "MF%1 = v b OFRELITL EDOER"
"sensors": [
{
"id": " ¥ 1D
"description": "¥F%t v Y DIESH A L DIEH"
"combinations": [ctl, ct2, ct3, ct4]
"probes": [
{
"scale": JIEMEDRTHE
"description": "% 70— 7 OHIERNR A £ DOFEH"
}, ...
1
"CTs": [
{
"factors": [Fpa, Fma, Foi, Foq],
3, ...
]
...
1
}

sensors 13K 32 fill, probes I3 K 4 ffl, combinations ALV IV AL T R—T DAY
ZRT, BZAEE, B 100V o 7a—=7 4 o040 1 2 31", =M 200V 0 7a—=7D82 D

AEr 001 11"E%3, £, AHR=FAHLY PP IV ADBERINTORVLESIZ-1 &
89, ALY N FTVAD factors (FMEICAARTIRE, 5EFE, YukliEIc WS 7 A= %2R
T, BIEHVTWS ALY P b7 v ARG R ERIEOBEDS D5 7D T, L6 2 D721 2/

LTw3
B8 av74 7 JSON 7—=%74—=<v L
Fig.8 Config message formatted in JSON.

2=y b6 DA L > TEERICHEN 0.75 [Blo HTTP V7 X FadfibiiTw
%, ZEWEENEIZTY 5 KB RETH 2, 4.2HiTHHBIBT 2035, > AF LBADK, %
ELEER R T\ B,
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Fig.9 Installation of power measuring modules on a power distribution board.
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Fig. 10 Installation of a data collection unit in free access floor.
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4.1 Linux OY7ILY A1 L%sE

BRFEFAE LWL, 32 BT —FiHlla=y F 25 DfEHF %, Linux ECTFa—FT2%F
BTV, £ AT 2400 bps D) PUEETH D, FHRFAMARXTERET 2, Z0fF
FEY 72T TTa—FT5I1CiE, By MECRIETS 1/2400 B, EAAZILD 21X
FTIEEREBETLE, ISICABRECA =T 7Y v L REARHDSSIEE 2 5,
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