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Abstract: This paper presents a new method for estimating which outlet an electrical appliance is plugged
into by using the electrical wiring installed in the building. By making use of the voltage drop caused by
the wire, we can estimate the distance between the sensor and an electrical appliance plugged into an outlet
on an electrical circuit. The distance can be used for determining which outlet an electrical appliance is
plugged into if we have a floor plan of an environment. We believe that the estimated where information is
very useful for understanding real-world e.g., a position of a user who is using the appliance or whether or
not multiple electrical appliances are located near each other for providing a service by combining collocated

appliances.
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Fig. 1 Overview of our positioning method.
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Fig. 2 Current sensor clamped around wire in electrical panel.
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Fig. 3 Current sensor attached to short extension cord.
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Fig. 4 Sensor data obtained when hair-dryer and vacuum

cleaner were used.

K4 2. ZbEiIc g XEREHE (BIC) #H
Wiz, FERINESTEE (18], [19] B S v,
3.2.4 dhd

ZACEA R L IFRENETH. 20L&, t #
ETAEIBOBEREL, ZI00EMMEZ1T). W
9 2 HEIE, R OB AR LIS T O LB Y L L.
-BICBIIRMDERBEOERMENE 1 M 4 O L HIZEA
B IR BE, TOMENKREL RS, T2, TOHE
TEALRBOWEERENICERT 20720, BILESNZH#
NTHDICERTHL. ErHVEBEL T, M40
EIVEAT FIAYHFIH S N72H & IRBFEDFIE S h
A, BB ko2 EOBRHMEIEIAT KT 4
YOEROEEENTDODII L B-OTHL., EraET
B LT, BALMG T EOBHRMEIESNS.
- BB IRAERNDODERMEDE | ZOWFEILHERE
ROFME L2 5720ICHVLNS., M4DLH 12, 7
PRB% I LI 2 B R AR o 5.
- FFT (RE: BLRGEZAAL TS L ZOERT — %
X ORI ORI EEND 720, FFT 0%
REOMHEZ R E L THYS.
- ELEEORE &5 ELEMAA 7125 BRI,
BT T 7R A LT BV (K714 v DBRIZORTSE
$5). £ Tt OERiOBEBILEGOIREE (F »IREE/
T 7IRRE) EHEE L LTHWS.

NS OFFEAE i L TR 2 PV RS, %
T9.
3.2.5 BEAXT MLOSKFE

By MV a7 9 A (72 218, [Hektgt ~ |,
[t 71, [NT FIAXF V] Dy 5 RA) (25
$ A, KRBFZETIE C4.5 PR E W THEZAT) [20].

3.3 [EREHEFE

Pl L7z BY, RENOERPED L HICEMHESINT
WED, LYY DRENO EORLEICHE STV DS 2T
BWHET5., Shicky, o905 E L8O HMED
MU, BEBEAEOMNBEOD Yy MIERES AT,
LG E. UMETIEZFOMHEs, BEK RS FIH
LTHERET DO WTHRS, ¥ 1 AT

872



BRI F=EmEE Vol.56 No.3 869-878 (Mar. 2015)

EOMELRS. Lo Xy MpEFHEICL Y, B
A OBMGEE L O TR EOND L4, ORI
BILOKTHEINOMOERT -7 2 Hnwbs, 22T, »(
OO BALEMIEROREL FFD, 728 21E, Lo~
TREIAXE 3] % [59]) OREXRFL, TOWEEBEN
(LHNDER) (FIREZLICRL L, 20720, RETE
T, (1) v H 7= PRELTVLRMERLL, %
DXBHBEDIREIRT 22 Lzd L, (2) REIZD
LTy B ROEHL KD 5.

3.3.1 FILEZDIREDRH

9, BEVLREL TCVARMAFET 5. AT
ATA T4 Y TEMEBES L ICERT -y Do eEIE L,
SERPBEEL VNS VEERELTWLETHLLET S,
ZLT, BEBETAZELCWAEBLTHIT L., TOL X, ¢t
B CEEDEM L T 5B L HE SN BO A% il
L, THICEY, WELTWAXHEIHONS.

0%, TOXBBLEDOREBIIET 2 0HETH. €D
0, HOPLOEFNENOIRED L ICER T — 7 OO
FEHGMCLDFEHLCBE, ROUEML TVL56I2
HIETHIREEZBLCWLKELT L. COBLTWAIK
RED B A VTl 2 i 5.

3.3.2 FEBEEOHTT

RUEEE T, BRAEMEBR (FER) 258
METHENDL & &, BRICEDIBLE Y T2 8 v ADFA
T5, INbEhbbETA Y E—F A (Z) LY, &
WMEBELOBRIIV =12 L7 5, BHRITERBIKICS
J2HEIMO L) @y EZ % L, NEE2HENLBRMELIKT S
®h., BHICE o T ERBI ENLBERTIRUTO LS
RfiEfbLRIcE hFEIN S,

.l e¢x L x| _

10002 x A
2T, e lZEERET [V], LIZBEROES (FHE) [m], I
ZEIE [A], |[I] FEROIRIE, A ZEROBEFE [mm?],
¢ = oo TPV, c REMOTBIARS S 2757 A —
Y CThb. FRofimeHwT, BHROMN L E-F A
% x L+j0THET.

X 6 I FEXARMOEMEE OB 2R, ZofITiEa
Y MA, B, C, D, - 2FOTEH (BERARM) 2/RLT
Wo, RiEHEarytvry b ALOHEL o THAEZD,
FOMOBRHDA V=¥ A xa kb, $H5H1IR
DA ZFHFOBILEGLOA Y E—F Y AD Z) = R+ X,
ThHhHEeThH, Z2C, Ry, X, 3V 729 VAT
Hb., ZOBEBEGP NS E e (RIMET D) O
HElCHDHEE, BRICHENSETITTROL)ICEEIND.

1%
I:(c’xac)+R1+jX1' (2)
CTIRBEHRERNLEIR, VIIEFEOBETHS.
NIRT LIS, TR hKRELLDBELEDIETT .

¢ x Lx|Il. (1)

(v

—~

© 2015 Information Processing Society of Japan

14.6

14.4 -

14.2 =S

(V) Sl
=
]
J
]
J

13.8 Bl

13.6 e

13.4 T

18.2

2 4 6 8 10 12
FIAROBRTMILEREB LY AL O EERE(m)

5 fhsarty bTHAT PVEFBHLZE EOERT -4
DFFONT
Fig. 5 Box plot showing distributions of electric kettle sensor

data obtained at different distances.
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R 1 EBRICHWZEACES & 2 DIRES
Table 1 Appliances and the number of their states.
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kv b 7L—b (1) 7 =} PC (n/a) T4+ (1)

AX—bF7% Y (n/a) TV (n/a) iR (1)
GIRE (n/a)

ABCDEFGHIJKLMNOPQRSTUVWXY Zabocdef

A: hair-dryert on i
B: hair-dryer1 off
C: hair-dryer2 on | |
D: hair-dryer2 off | |
E: heater on n
F: heater off | |
G: microwave on | |
H: microwave off | |

I: blender on
J: blender off ..
K: vacuum on | |
L: vacuum off | |
M: kettle on | |
N: kettle off | |
O: clothes iron on | |

P: clothes iron off
Q: toaster on
R: toaster off
S: grillon
T: grill off
U: laptop on
V: laptop off ..

W: smartphone on
X: smartphone off
Y: desk light on

Z: desk light off
a:TVon

b: TV off | |
c: humidifier on n
d: humidifier off ||
e: refrigerator on .
1: refrigerator off | |

7 ERIWA XY M GHEORRATE
Fig. 7 Visual confusion matrix for electrical event classifica-

tion.
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8 Reg (n=3) & Single (2nd) OW#EEERKEOBILENT
& DR
Fig. 8 MAESs of appliances for Reg (n = 3) and Single (2nd).
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b X DTG

Fig. 9 Transitions of MAEs for Reg when we changed the num-

ber of outlets used to compute the regression lines.
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S & OV

Fig. 10 Transitions of MAEs for Single when we changed the

position of outlets.

% 2 RETFLEOFHHSELE (m)
Table 2 MAEs (meters) for proposed methods.

MAESs MAESs MAEs
HORRE) | RS | P
Reg (n=3) 2.43 3.35 2.89
Single (2nd) 2.84 3.24 2.89
R =3
eg (n ) 2.43 2.73 2.58
w/ 6 adjustment
Singl =2
ingle (n ) 2.55 2.62 2.58
w/ 6 adjustment
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£ (Single (2nd))
Fig. 11 Effects of 7, adjustment on appliances with a large coil

and those without a large coil (Single (2nd)).
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Fig. 12 Transitions of the MAE for Single (2nd) related to

the multiple appliances situation when we changed 7.
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R 3 Reg T (REHMBME) 12B1F 2885 2 L 0PI Hd it
(A=1)
Table 3 MAEs (meters) of each environment for Reg (single

appliance situation).

MAEs for

Reg (n=3)
BB 1 2.95
BRbE 2 2.72
b 3 1.80
s 4 2.17
B 5 3.45
5l 6 2.18

‘ m0m m=m2m =3m l4m‘

B 13 v tr MBS D20, 2, 3, BLU Am BINORE
Fig. 13 Outlet identification results: precisions within 0, 2, 3,

and 4 meters.
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