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A Practical Case Study of HVAC Control with MET Measuring
Using a Smartphone in HEMS Environment

Minako Ito" and Hiroaki Nishi'

This paper proposes a HVAC control method that considers the tradeoff between
environmental amenity and energy conservation. The proposed method uses an iPod touch
or iPhone application to obtain accurate measurements of both the MET value and the
predicted mean vote (PMV). The accuracy of the PMV values after incorporation of MET
estimates was confirmed experimentally. A HEMS experiment was conducted and a
reduction in energy consumption was observed, demonstrating the usefulness of both the
application and the proposed HVAC control method.

FADENENRKENZEND, HlHRSRELTHEYITHD
. FC&HIZ LSR5,
Iz\/we—AA VA RO A 2 BRI T HY, D EMS (TR L TORES] - AR
AU HERIR IR (& b R 3R O HIE~D 1 B BEHITHY, ENEREOREMEIZOWTIEESNL
ﬁﬁ;%ioﬂ\é. Bz, HARTIE 2011 FE0RAbH#E TV 7=[1][2][3] A3, IT4ED EMS T, PeiltEfe
ICIVEAREN R R AR, o r¥—Lig 1R PMV ZH07C HVAC a0l A< FES
AR FLF —FRORMOLEN LY —sigHs TR0, B REECRRICHEASA TS
NTWD, BERLX —DRLEND, TFEROEIHE [41[5][6]. EMS [T AT AR EIESNDIGFTITIG L T
ARSCENRESEZRANIE T 5 A7 A EMS ONOFIEMNIEEL, ENMCEIEIN A4S, BEMS
(Energy Management System) DFEBEINEE-> TV, (Building Energy Management System) EFE(XiL5. —
F U RHIBOMEE:, & LAUATT <~ R0 E k% WFREICEEIND YA 121, HEMS (Home Energy
ZF7-bx, EMS IZEBHEBE EOFHEO-DIZER Management System) EFEIZILD. LL7enD, Lk
WEHREEHETILERLDL. 205 E, DO TIE PMV OEERERLO— D> THAIGE &
HVAC(Heating, Ventilation, and Air Conditioning) £ IEBEINTELT, EFIREEZEEL WD, JVE
TR, T —F AT, A S — 2, 1R - R THEBZHIE T 5720120, EARLERENDL—H
BOREIL > T Rl ~ VIS T 52808 DIEReT: PMV ETEEhEE V2 HVAC B3Ol
TEHILL, B—IB NI EICEDOZ O BRLLDEN NEETHD.

DLETHBICLDLOTHY, BTN OIBE AMILTH, A% —hT AL BRNIT NS A b7
EBRAE TEORRE, RETFEEM R
TS A HEMS B5i COENPREMEZTEIE S Lo 22 HIENI 2 &

Keio University

(© 2013 Information Processing Society of Japan 140



12013 ESS2013
Embedded Systems Symposium 2013 2013/10/18

LB B HEHNEE BHET 5, R LR E LT
I ~%. 55 2 B TIE, ENREMERE PMV SIEH)
O HEALTHD MET (Metabolic Equivalent) (22U NT
WD, H 3 ECIE, AT — NI ACEELRE R
WET 7V r—a fi 3 5. #5%EL7- HEMS B
BREZEFEIE S AT MMZOWTEENETNE 4 &, 5§
5 BTHRAD. B 6 ETIXERMEREELR, HEE
LI OV T ZTTD. &%, 8 7 =T
ThE AR5,

2. PE R
2.1. ERPEHEIEIZE PMV

PMV 1, VPt ic B2 4 BHE(RIE,
SHBEE, Rk, &KIE) O X CTEEE&E, EREE S
Wiz 6 BHFRTOFHMAFHETHY, 1SO7730 DIEHER
TR R 0K [E] 22 5 52 2 (ASHRAE) D 28 N OO e i 1R
BEREER T E DD LML L TERASh TEY, 2N

BREE DT 2SR B L U TR W BB T][8].

PMV ZIRAGEA-3 72H+3 D 7 BFSTHL, ISO T
13-0.5 < PMV < 0.5 ZPR@EHFiHEL TD. PMV 1E
UTFoXTcRENs.

PMV = (0.303e7%03M 1 0,028) x (M —W —

Eq—Es—E—Ce—R—-0) ¢))

1 UTBNT, MEENE, B, MR IZ XA EE 2
B, WA R, C. FERIC L ATHEVE <&,
By AR R, R:HUNEMER &, By RGIRED D
FEGELE, CoxmBME A ETHY, BAIET T
W/m2Thb. HE3kD PMV (ZHSZEREIEIE, 7

FEITOWTTEREOME TIIREEME T2,

JEEEIIENTEK D, IEE &I L, BEEE2
HWZ PMV FEClE 4 TRnenz s, 22T, K
WSCTIHIEEN EEEE L PMV FHEIZ W CTRRET
L, HlfE~OFHE1T.
22. GEENE

FFRROLIIZ, PMV FEREIE— RIS E N O
MHZHAWSATND. PMV DEFEOOESITIEEE
NHY, HRIEEIFIX MET (Metabolic Equivalent) &
WOSEEN IR E AR AL TRIDNS. MET (35 {K7%
FFO T RV X — W BB LZHREOMAFIE Y 35
MNTREN, BERFOIEEIRZ 582 W/m2LL T, Zh

% IMET &3 %. IMET LA F &2 0856 DS T, BALIT,

METs L# T EN5D. MET T2 KAR—VESLS
(ACSM) THELRESN TWAIEETHY[9][10], HAT
WXE A 88 S TS <V O 7= 8 OIEB) FLHE - R &
2006 T H AN OB FBRELAE 2010 R IR

(© 2013 Information Processing Society of Japan

THRIEENL -~V EHEE T AT D I TR B RTE
BOME LR THELL THO TS, R LF—iH
FBORPEEIDE, BEAT X —ELTRNTA
PELTZ X — 5 E T DL, =¥ —4
FEDT- DI B LT B AL bR E R,
FRFRPICHE SNSRIV o L — A
BAHEETOMBERENDD. 12721, ZNHOFE
X TF XL N —=H T AN 72 E A ORI
MBELL, B AR UEBIRLZRIET L2403
HEETHD.

B IR A HE 325 6100F, —RICTES)
WEtE A WA. NIOIFE R A2 F AL T,
PO 6 A oB &AL, 158 &
ZEMT 5. IEE R R 2 THY, B
AETRENMEICHIRZ M2 22 L7e B IRTE B RIS L OV
JEHEFBCE D20, IR A= TR B R OHEE 1T
JRSAFZES L CUND. AR SCCTIXZEHIE 28 H Y Cd
D, VT NEALRIEE & OPE LR AP LETHDT-
O, A —R7 3 EIEEEOPEDIZD DE/NSANVH
—IFNELTHWS., A= — 7+ R ST LT
DEBVTHD.

e —HMINEERLY, DrvAfuRa—TENEL
THY, 2—F ORI LD IEE A E+
BIENTEA.

® 3G [EIHX Wi-Fi Ry NT—2%FHLTH—
NREDIBIE D FREIRT=8D, VT LZA LI PMV
R IR B B2 952 LS TED.

0 Av—hTHUIFBIERINTRE KL TR
D, 2—WFIXHERF LB THLD, &
FAOBEIRZNIRARZ LD, HELZDT DL
CYNVA AN

3. BEERET IV r— a3y

IEERE D= DT 7V /r—a1%, iPhone*
iPod touch ' U—XHIZEFLIZ. EHHH Wi-Fi ®ii
MR Ch AT, KERICHB N TE—H LRy T —2
WD HEMS & —hy oA LT 52 LN TED. 1K)
BOHREICIE, =07 022 oI EORE 5y
EOAFHE IMA, EHBISENCLA =RV —1HE
DI Z D, RFEIL Bouten B[11] 12k
T]RZEIN, 2 AcIND. T2, 3 A oiFdEi&
K[METs]%& R 5.

to+T to+T to+T

Ao = [ Ixddes [ lvddes [ lzdde @

t=t, t=t, t=t,

141



2013

Embedded Systems Symposium 2013

K=a X IMA(: +b (©)
2RUTBWT, x¢, Ve ze 133 EIENZRONEHE
i, T IZHEE, ol XHE BRI CH 5. FHaiif
ZE[12] IZFBWTC, HEAETRIZBIT D8k~ RENEICD
WCHGEERZITV, 3 OB a, b 2RELEZ. A
FERTITIEMIEL YT — DA Z 2 T 7
V7 8% 10Hz L35,
7'uZ'Z MZIL Objective-C S 7E, BIREBREEICIX
Mac OS X v10.7, Xcode4.5, Interface Builder10.8 % f
N IEFE ORIEIZIE, V7 M7 =7 B %S v MSDK)
12 1084.0 7>HFEEAL TS Core Motion 7L—AT
— % RAWA, ZDOTL— AT —2%, 3 whEE R
PR N v A aAT—FNHELNET —ZICT 7 A,
B, E—ar A XML TT 7V —ailin
BT B, KT TV r—a T, Core Motion 73515
LNDHE—Tal AR hDIL, TNAADLEE, [l
B, AWM, 2= BT AL RIE 2 T IEE D
HEEA B 7/ L LT CMDeviceMotion 47 =2
e FAWT 3 S o BRI INEE 2 BSG+5. £,
VX=X TATHS CMMotionManager 77 A%
WCT —ZDOBIFZAIL T 70 E DR ERE AT,
A TN ZINEE LB B E RN 57~ v e
1k TR 2300 (M 1), REv BShi-$a
T TV —vaidte T A OZEEE IR E
HEAT 5. ZORBUIT SAAZLIZEV Y /- 1D, BifE
B2 — ISR L, 7V —ar OF R LD
B — T, PEHIL 30 BZlICiREE
ZEHEL, R — 2G5, ATV r—ar
I~V TF LA L TEY, N7 T0  REER
FRETHD. T, AT TV r—va 3B HHEE+
STHZ, — B U LRI ET 22N TES.
Apache HTTP #—/3%° PHP web 7V —3 a3
(=T rIL5) LOFEFEIZT T HTTP @ POST
V7= ANEERL, ERMEBEEZT. h—T s
A, TV r—varnb T —2 %545
postgreSQL 7 —X R —R|LE T —HE AN TS,

4. & HEMS BEIZBTAEFES AT L
DIEE

HURESN O — ¥ F REIC HEMS BRBIAMESELZ. &
AT MMERRER 212, RO ARV RS- 22500
MEFE 3 IRT. VBV L —ADZEH L = 5%
PLA_AA, ZDIINDEREOZEFIT =2 MSZ-VS22K
Thd. TXTOZEFRIANEENDO HEMS H— 3
(XD, HA 3% AW CHIBIAT TOZ LN TE D,

(© 2013 Information Processing Society of Japan

ESS2013
2013/10/18

MET Value Meter

x:-0.010734
y:-0.006378

z:-0.021827

MET

measuring id:0

Stop

18:31:58:Connected

BT AL i
Fig.1 Main screen

Laboratory

KNIVES
server

—_—

- - KNIVES
1 iPhone terminal
: *  Met value
| Clo value -
i Room Wireless 1
| information_ .- = G4SN base NS 1
— =2, Stateof ACs
1 Prias - Wireless - R |
- et H Tl ~,
1 - e H p
v = - - S, 1
I/ Wireless Wireless Wireless A \
|; sensor node sensor node sensor node 1 |
|
| Y +  Temperature P
, L
N *  Humidity -~ 1
\ ‘s.“ + lluminance Wireless sensor 1
S=a /
\ -.-_‘___-___(29_2 ___________ network 7
N e e e e e e e e e e o e e o e e o = = = -

HEMS environment
2 VAT LHERLIX
Fig.2 Configuration of the system

Py s

-

@ Children's

\
Bed room

@® Environment
sensor
@® Carbon dioxide
sensor
- Air
conditioner

\

‘ @
' Japanes
,__room

T

® Living
room

\
N

Dirin || ] " Bed ®
room
‘g. 1l | , room I

3 REWEZE Y Ol E
Fig.3 Floor plan and the location of sensors and AC

142



2013

Embedded Systems Symposium 2013

HEMS 7 —bhy = A121%, BERBRFEMIEET
R4 5% HI= ha—7 KNIVES[13][14][15] #H
V3. KNIVES I Linux BV —/Léar ha—LEVa
— b iERRENS. KNIVES LERER V2K 4, 5
IR, B ERICREBE SN BEE B IIREE, 1R,
MREARIEL, H\fz’%fﬁf—&%KNIVEs WZEET5.
EIROE N E EEPE T H720I1Z KNIVES (3577
a:&ﬁéhtfﬁﬁt/#&ﬁﬁ@h%ﬁﬁ VAR
BEIT ST LICEESNS. KNIVES IZEB A,
HA i1, EEMBREE LV OR—RAEV2— LN
FNWBEL, ZNHDE#RE XML _—ADEE 7 2k
DL TH—NITEETD. = NERESN B dE
/\wxb TR REFRICT — =R CEHT 5. &

2, =N ETEROGIEG T ERLL, Rk
XML R—ADi@EE 7 b/l KNIVES I[ZHESH

5 Sii Co. Ltd BREit 4
Fig.5 Wireless sensor

4 KNIVES
Fig.4 KNIVES

5. ZERFIET LT X L
FRT7ILTYUX L

Ze% ON F/2IXOFF Lc&E, MR ERDIEEN
BED, ERITH AT )D. OFED, ON,
OFF Hl#ElICkILENIRE ILENNAELS. u‘_z‘nof
PMV &2 B ASHIEAZ1To121E PMV
AT REATOMERSHD.

PMV % P45 7 LTV RLELT, BRI TR
FEEHAVS. BIERANICEITD PMV ZPMV(Y), T
MIRIREASt, FFREISTSED PMV 2 Fll45L%, PMV
THEPMV (t + 8T)IE 4 R TERIND.

PMV’ (t+ 6 T)
= PMV(t) + (PMV(t) —PMV(t— 6 t)) x0T (4)

ZOFEEACTTRIBREI L PMV O THIZ1T
VY, PMV 23 2.1 G~/ eiidiPH  (-0.5 < PMV <
0.5) [T EHLHZETOFIEZEITS.

5.2, HETILITIX L

HIET7 VIV RLET NVTYRL 1 IRT. ZOT v

YR AIAZEORFEEAREHRELTND. £7,

(© 2013 Information Processing Society of Japan

ESS2013
2013/10/18

K —H D iPod touch 77V — a OBEIREEND
R THONEHIETD. KRIZ, EETOEHAITIT
6tf¢;éa> PMV O TFIE PMV Z5H5HL, ZEFHOR @R
8% HA S -2 AW CTHES 5. ZZH0% ON ORKEZ:
5IE, B TCOEEF DO —HFIZONTPMV' > —0.5
HHO— AL EO2—HFIZHNTPMVY < 0.5 D4
\ZZEF8% OFF |27~ 5. ZE78723 OFF OREEZRBIE, — A
L EDZ—HFIZHOWTPMY < —0.5 DA I2ZEH
Z ON |29 5.
ZE R E B R BB DO MEFRITI L — MR A7 22 3R 3
Z5 HA Si%H\WT, 2 ON/OFF Zh7 VAT
S5, LIz T, FEBRR iR e, —i%

H72 22 C AT RRR I nT 872 77 1 & IR 5.

ZDOFETIL ON/OFF BT NVCEALT 5720, HilfE
ATOIRBER R IR MR T AU N DD, Fo, 2—HiC
LBFETD ON/OFF YIVBE 2 2= T 15728, il
W7Z 72T, 7AW LD HIERE E ORI
HAEDZERENEN T AT AT EBL D TH DD, HLL
X2 —HFDANNCEDLDTHINEREID D VEEN
HD. ZZFN ON Tholotf, flH7Z77% 0 &75.
%Liﬂpﬂﬁ:/XTA \Z& > THilfElE L, OFF (2810 EE %
LT EITIX 1 %ﬁA?VB HLa—FNFE T2
4% OFF u‘_ L, BTS20 1 OFFTHS.
’@%IJ1&I177& zﬁ:ﬂﬂu\f U TFEIC OFF (ZU)0#x
DN AL, VAT AIWRICFEI TON LA ET
nHUDFﬁlJﬁ]%THJt?‘é

7=, ZEFOBEE: ON/OFF |3 1E# A hiElc &
%é“ta‘t , ON/OFF OREEHAL 3 /r&Liz. Kif
L HEMS f‘l‘i“ W23 HHIEHE DS ER 1 ITES
5. PMV OTRIRIESHE 1 45EL, EBREETDZEH
B EE B NIRE L ORGE RS s, Tl EE
STAWELT=.

TNTYAL L HIEHT LTV R L
Algorithm 1 AC control algorithm

1: set n to the number of people

2:if AC is ON then

3: set control flag=0;

4: ifevery PMV’[id=1...n] > -0.5
&& PMV’[id] < 0.5 then

5 turn off AC;

6 set control flag = 1;

7: endif

8: else if control flag == 1 then

9: if PMV’[id] <-0.5 then
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10: turn on AC;
11: endif
12: end if
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