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Recognizing the Use of Portable Electrical Appliances
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Abstract: This paper proposes a battery-shaped sensor node that can monitor the use of an electrical device
into which it is inserted by sensing the electrical current passing through the device. We live surrounded
by large numbers of electrical devices and frequently use them in our daily lives, and so we can estimate
high-level daily activities by recognizing their use. Therefore, many ubiquitous and wearable sensing studies
have attempted to recognize the use of electrical devices by attaching sensor nodes to the devices directly or
by attaching multiple sensors to a user. With our node, we can easily monitor the use of an electrical device
simply by inserting the node into the battery case of the device. We also propose a method that automati-
cally identifies into which electrical device the sensor node is inserted and recognizes electrical events related
to the device by analyzing the current sensor data.
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Fig. 1 (a) Schematic of our prototype sensor node. (b) Our

prototype battery-shaped sensor nodes.
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Fig. 2 (a) Inside of sensor node. (b) Inserting sensor node in

appliance.
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Fig. 3 Example current sensor data. The upper graphs show

original time-series current data. The lower graphs

show frequency spectrograms.
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Fig. 4 Sensor data obtained from a toothbrush. We changed

the posture of the toothbrush once while the toothbrush

was running.
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Fig. 5 Sensor data obtained from a CD player (a, b) and a

flashlight (c, d) when we used fully charged batteries or

exhausted batteries.
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Fig. 6 Architecture of our identification/recognition method.
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DELEE x 10ty 3y, £C:8HOBALELY, x 10
tyvarv), FNFILoOXry T a v idH105MTHD,
FNFNDOL Y a3 vV IIBWTH 2B LR O D
Ty LARIERTIRTORHLTS 5o/, RPDKT
THTBEOBME AV, ZORBRORTIIHE SN -Z2DE
WrxZzD0FETH 72720, BT e A LTHEL Y
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A LWEICE Y B2 72 EEBOKETE Web B X 5
WX VEEL, ERT—7 DI NI IZHW .

5.2 FHliFE
FNZNOBEACET DT FIVIZEE S OEBRBETHS
N7ZARET — & 2 HWTHE L, —REFELERSINE O
ECWELAZTAMI T2 2 HOCEEMLZZ. $4b
L, TNENOLY FL—HFIIZNENDORTIFT— %
THETAILEN V. REFLEORREBEET 57290,
T8 >DFikz v CiHiti 247 o 72.
- HMM : ZOFHEF 4.2 fiTilk~<~72 X 912 HMM % Hv
TEEANY M 2ETVET S, ZOFHIT /R & hF
e LTHWZW, F7/2, HMM R OIREBEBIHERIISE L
WekLTwna,
- HMM (grammar) ;| O F3:1d HMM % W TEA
ANy P Z2EFIET S, ZOTHIE 1/R ZHH#ME L
THwZRW, F220F%E, do2LoEIEMT LI
PER L 7230 % v € HMM B OIRREBR * kD 5. ik
BNF # W CTEDOBI 2 WL OPREAT 5. HEHELTO
LEE (47 ()OS cEdE s, 20
KLy, (] & 47 ARy FSDMEIHED K S
NHLZEERIHTEXS,
FRTVINAATOLEL, ({7 BEEOT S
G BEERD | T A=A | ) BEEWETY
FIYOEHICEEE NS, ZoXEIicky, [ 7], [&
BaoTs], [+v] 04Xy MNERELTGEZY, [BE
WA, (74—, T OA4AXY I [EBFZ
T & [F7] 2RI AWMICKAIGEZ A L EEBTE
L. 728 21X, [EFEEZD75] HMM ORBEOIRED S,
[+ ] DA o HMM O i) ORENOIRREERIERITL 0
THY, — 5T, [+ ] HMM ORANDIRENDIREER
RKFI1THD., T2, [BEEAHD | HMM DiRFEOIREE
o [74—=AA], [4 ], [EFEEZHEST] HMM OfH)
DIRFEE~NDIREEBRERITZNEN1/3 THDH. — 5T,
> HMM ~DIREEERIERIETTO TH 5.
- SVM : ZOFEIE HMM OfEhb D I2 SVM & v 5.
COFETITEE S 2N 20 He e HET 5. 08
BT FNENOYAR 7 P VR BT D 7 T A5
. htrH )= FPOELNTHFEANZ VO
REOLHINEY, Lo H ) — B EOBBALEIHEA S
NTWAELPZHBIT S, 2P LRz ETLLE, &
WT =5 DFHHB0THL, bbb [+ 7] ITHILT S
BNz VIV, 2, TRTOESICE
FND (47 AR MHPRGREERTIELLE25
7OTHL, T, TNEFNOREREL T L IZERA X
VN R B SVM & W TS L 72, HMM
RV THEERLRY, ZOFHEITEBRNA N - OERH
ML ETMETE RV, F72, 2OTHE /R &4
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ELTHWZ W,

- Tree : ZOF L Lid SVM Fi:0 SVM oftb h (12
CA5EREH VS, T/, ZOFHEIT1/R 2 H#HE L
THwWZ .

- HMM-R : COFHIE 1/R 245 LTH A, 20
fOZEENE EiLo HMM Tk & AfETH 5.

- HMM-R (grammar) ;| 2O FEd 1/R #5#HE LT
M5, ZofozE) Fito HMM (grammar) T4k &
FfkCTH5H. 1/RELFELHHALI-ZOFHELE, KHLo
REFELT 5.

-SVM-R : COFHIT 1/R 2 e LTHWS., Zofl
DXL EFLO SVM T L [AETH 5.

- Tree-R : COFHIT 1/R 25 E LTHWS., Z20fh
DZEENE LFED Tree FELFAETH 5.

5.3 &R
5.3.1 BILEZDER

X 71, EERBOBICHCLTA MYy ar0
Ba2Ab sz L EOBIMREOBEREZRL TV, 2k
ZIETA MRy a v ER3IDEEX, FNFNORTE:
SN AID 3ty v arOF—y 2 HWTHENEZT- 7.
COERTIE 28 HHOBHEGOETVEHE L2720,
T VT LR L7 L 2 ORI 3.6% (1/28 = 0.036)
DHTHDH. LDLTAMNHEYy va #1000k %,
HMM & HMM (grammar) F{£13 96.4% O IEf#= 2 3E 5L
LTWwa., IHHOFHEEIBEBRMA XY M ORHYZELE
EFMETE R\ SVM R Tree # KIEIZ Ll > Twab, F

T T T T T T T T
1+ ~
°
5 095} §
© L
2 o9f E
o 085 i
S ogfn 7 y
POl E
£ o075t HMM ———
g HMM(grammar) -------
& 07F SVM - E
Tree
065 1 1 1 1 1 1 1

1 2 3 4 5 6 7 8 9 10

095 4
09 4
0.85 T .

o8t o em

0.75 | HMM-R ——— 4
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SVM-
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0.7

Tree-R -
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7 BAEBOBNCHCLEZTATNHEY v a roBebsE
72k & DRSIIERE D &R
Fig. 7 Transitions of device identification accuracies when we

increase #sessions that are used to identify devices.
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7z, HMM-R & HMM-R (grammar) T35 A M+ v
TarvER4LEOE X, 100%DFEFETERL TV D
(T 712BWT, 202 FEOBBIKEEDOBERITEEICE L
Tho72). 1/ROFEHE AL Z LT, BWFEE TOMRG
BTETWz, F72, INHOFP:HE SVM-R & Tree-R %
KIFIZ EoloTwiz., FEo LI 12, BRHA N2 O
B2 L B MAN OB Z L S ITHVE 2 ETH
VIR ERTE L I e ghosz. FEARMIZ, £<
Dty arOT—5 % Hw5EI L THWEIIVERE ZK
THIENTEL, ThUE, BT aE0r 75—
FHRMAVDZ L CRBIMTRERIFM A L D252 ENTE T
7ok E2 L. LaL, HMM-R & HMM-R (grammar)
FHEE1EyYa voT A MVHE YT 2 w572
11T 96.4% b DREBIEREEZER L Tz, Thb OfEHE e
5, tr¥ /= F0hsEAEMLPSI I ST, B
BEABMIFASNZELTDH, T ICF0H LnEL
B AHANT LI LN TELLEEZD.

5.3.2 AN MNDRE

BEMA XY N OBBIBEZFMT 5720, BILEZO
GRS T NTELWE LT, FNEFNOEH~NZ t v
DA XY NPERERD S F %R, FHlEE L 5.
I/, FEE10EYyYa ry¢RTOTFTA NIV 7 —
T RDI. T2 IEENFNORIZBIT D BAEEZ R
LTBY, HMM FHI35HEET IV A2 72 SVM R Tree
FHEICHRTERBBESLE TR L2950 5. Thids
T AMOEEFR 2 FH T H5FHETIVICIERT, HMM O X
) BT = DA R FET A ERE T VOSEMEICBT
UG ETHE LI NS bz #E2 5. —J, HMM
(grammar) %1%, HMM, SVM, Tree % Eal- T
W7z, FEHIELAE TR % 2%, HMM (grammar) Fikid
EERE VD 2 LT, RHICEMEICEILT AL %
N Ty 2N T HEAEGDOA XY ML THW
FRRRAEEE AR L T\ e, LR E 1/ R 2 dHbETH
V% HMM-R (grammar) FEIIETHEOP TR b mVEL
ARG AR L T,

3, K4, X5 IENTNORTLEOFMEA XY MR

®2 INThORITEDOBEMA XY +OFHBKE (P FE)
Table 2 Event recognition accuracies (average F-measure) in

each house.

A B % C T
HMM 0.795 0.807 | 0.839 0.814
HMM (grammar) 0.861 0.822 0.853 0.845
SVM 0.823 0.834 0.837 0.831
Tree 0.834 0.773 | 0.908 | 0.839
HMM-R 0.816 0.809 0.843 0.823
HMM-R (grammar) | 0.872 | 0.865 | 0.875 | 0.871
SVM-R 0.821 0.828 0.839 0.829
Tree-R 0.822 0.779 0.889 0.830
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K3 FALBITLANY OHEBHEE (FH)

Table 3 Event recognition accuracies in house A.

HMM HMM-R HMM-R (grammar)
+v 0.759 0.796 0.799
HiEE o5 0.513 0.538 0.826
. BIHEHT 0.349 0.363 0.97
TN 2 CEERA 0.38 0.395 0.622
TH—H2R 0.476 0.489 0.591
+7 0.975 0.975 0.975
SR 2 +v 0.994 0.994 0.994
+7 0.982 0.982 0.982
P F v 0.968 0.992 0.992
+7 0.907 0.973 0.973
s 1 *+ v 0.994 0.993 0.993
+7 0.961 0.958 0.958
FF/RW 0.99 0.991 0.991
Fo481 ST 0.992 0.991 0.991
+7 0.977 0.977 0.977
Hr5 1 + v 0.997 0.997 0.997
+7 0.986 0.988 0.988
iR 25 0.497 0.545 0.726
BFEEHT 0.381 0.59 0.76
CD 7L4¥ 1 T4 0.775 0.799 0.922
V=2 0.088 0.11 0.139
+7 0.995 0.997 0.995
wiEE O A 0.603 0.689 0.851
T™V1 BIRENT 0.379 0.357 0.163
+ v 0.994 0.997 0.999
+7 0.886 0.928 0.957
Sus + v 0.997 0.997 0.997
+7 0.983 0.983 0.983
FF/RW 0.940 0.961 0.961
Tk 2 74 0.954 0.968 0.968
+7 0.988 0.988 0.988
a2l 0.795 0.816 0.872
K4 FBIIBILANY FOREEE (F 1)

Table 4 Event recognition accuracies in house B.

HMM HMM-R HMM-R (grammar)

+ v 0.946 0.929 0.928

BHEOT 5 0.707 0.72 0.855

FIN L AIRANT 0.264 0.268 0.784
AR 0.776 0.73 0.792

+7 0.988 0.989 0.988

sy 2 +v 0.997 0.995 0.995
+7 0.992 0.988 0.988

R FF/RW 0.991 0.991 0.991
+7 0.986 0.986 0.986

- F v 0.996 0.996 0.996
+7 0.991 0.991 0.991

WiFEE2F 5 0.534 0.581 0.652

BFEEHT 0.514 0.627 0.788

CD 7L4¥ 2 T4 0.935 0.941 0.941
v=0 0.035 0.037 0.04

+7 0.989 0.996 0.99

BEL 1 F v 0.995 0.995 0.995
+7 0.987 0.987 0.987

BB 2 +v 0.993 0.994 0.994
+7 0.986 0.988 0.988

FF/RW 0.381 0.071 0.071

FYHE 1 T4 0.686 0.639 0.639
+7 0.878 0.901 0.901

BiEE o5 0.721 0.787 0.995

DVD 7LAY T4 0.366 0.562 0.99
+7 0.989 0.989 0.989

T + v 0.993 0.993 0.993
+7 0.984 0.984 0.984

p) 0.807 0.809 0.865

WA RT. £ L OBCEMIE 2 KRB L 7o 7o o,
BRI R L Tz, £, HMM & HMM-R F
FCEHT S, I/ROFHMEN 22 LT, £ DAY
MIBOWTETREBRBESMELTBY, L2187 X9
WL TR 1% E L TwaA. kI2 HMM-R £ HMM-R
(grammar) FEICEHT 5. i&%ﬁw% & TRk
FESKIRICHMELTBY, £2IRT LI ITFHLTH
5% L Tw5b. ¥, CD 7L A%, TV, DVD 7L 4
Y, FUINMARAT, FUFNVHLT—FIZE L TR
PRSI ELTBY, FHLTFHES 12.2%A L
Tz, B 3(c) ITRT &1, [EEE2175] & [Ei
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R5 RCIIBUTBANY - ORLRKEE (F'ﬂé>

Table 5 Event recognition accuracies in house C.

HMM HMM-R HMM-R (grammar)

*+v 0.751 0.764 0.759

HWREDT 5 0.577 0.621 0.801

. BIRZEHT 0.464 0.639 0.854
AL ERZTH 0.602 0.618 0.835
TH—HZ 0.535 0.515 0.455

+7 0.988 0.98 0.988

. *+v 0.996 0.996 0.996
+7 0.988 0.988 0.988

b 3 *+v 0.997 0.997 0.997
+7 0.993 0.993 0.993

W75y 3 *+v 0.994 0.994 0.994
+7 0.985 0.985 0.985

BlHEOTS 0.613 0.621 0.627

TV2 Fv 0.903 0.914 0.922
*+7 0.723 0.571 0.706

T *+ v 0.977 0.981 0.981
*+7 0.988 1 0.988

Bbbe 1 () il 0.997 0.997 0.997
*+7 0.985 0.988 0.988

il 0.757 0.752 0.752

Bbbe 2 (¥) it 0.661 0.665 0.665
+7 0.974 0.987 0.987

Sec] 0.839 0.843 0.875

EHT) AXRY MIEMRRRV T2 ThHY), ThHD

ARY MZET 5 HMM-R FEOME IR, 20 FfE

im1%ﬁot.L#L [BEE 2T 11X [4+7] 0d
kA, [BEZHET] obkicidz (7] R 5%

k@i&%mwé_tf,%@Fm%%zm%ﬁtéﬁé
W2 LTz,

HMM-R (grammar) FEFIEWEE TR TE 2o
72ANRY MIOWTHHT A, FAELBIZBIFACD 7
LAYD [V =7 ] OBBEEIRro72. L, T0
ANXRY MIET L0 580MT - PSHAETE b
72tz FEZ B, M 3(c) :ﬁ‘*’“c‘:ia‘”) [V—=27] 4A~>
FOREIZE L, AT - ICE T NLEHMARZ P Lo
BHIRLl b, £72, RAIWIBITLTVLO [EELH
T AR MIETAIBEDEL->7. 2O XY ME
Fﬁ7J4N>L&ﬁ“if%%§hfwt:tﬁ%#o

CTEBFEENET] ANXY MIBU A EHEIX 0 ICIEFIC
L%?‘Of:f:éf), [F 7] ARV NERFILIZEEZL, &5
2, KBIZBIFAIV 711D [FF/RW| 1 XV FDFE
WA DKo 7z, EH S OEBRREECHIFT — ¥ 2 U

LZE, SOV A 3BRETHo12720, FTIVIE
Ao TT— RS LZ. L L, £BOBMEINIC
FTUNEEENTTAMNIT =% 25 LTz, 3.2
TR/ BY, E—FORERIEE—F OEDHIANIT

BEBIHBENDL, 010, WHT— ORI
EFNVTREVHKETEB TOI Y LOFHZHMTE
mirolz.

5.3.3 EERICH T IREFEOIE

Lo By, FEMERCIBVTRET R EBRTEE
ﬁ§<L@OTWt.%V@I/Fl FEEIZ BT B H)
- #EACBNTH, IREFEE TR L) 2 AxH 5
E#EZA.

PR T — 2 D&M I X MK - FEIERR T, EBRESEO
VEEB DA e REOBMEZ VI T— % 2 BUSL <
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Wiz, i, BMOEE LU TERENELLTLE
I MBI B 720 T 575, £ 2 o HMM & HMM-R
DFERAE A B L HMM-R O FIAEEDEH L oo THBY, H
MUCHEA R ORI L V57215 Tld, #micsiby
5 BIMOFEEIC L D EEEDOZIIIILTE LW LAY
Mh. Thbb1/REMAVEZ LT, Eilhx 2L s+ TH
B LT — 7 23 % WA T b B\ CRERR 2SI RE
kb,

Bk LS —EXBIA 7 IRT LIS, SVM R Tree F
FERHCGEIEGORRICH A EERBEZET 5. 1
OOFTA MYy a rORSIEHN105THY, TNE
NOBAEGPK 1T OFHSN TS, T4bh, 8
MOREBREESOENCET LI TIC TRy v a v 2 BT D
Tree FEOEGEZE, 1 OFHAS 7RIS LEIR D, —
B, METFETR 1 5OFFOART 9 E %2 %k
EERLTWE2D, BEEREAEIT ) r—var
WCHIATE 5.

6. BhHYIC

K ClE, #EmRELRE ORI % 8l 3 5 7200w
BOBIRZ Lk ) — FOIRELE T 5 TOFE
Perfiolz, F72, 7= FOHASIN T L EBILEN %%
AT 5Fkb L OEEGOFH (BRHA XY ) 252
WY AFHOR-ED T o2, REFHEICLY, /= FhE
DEACBLIHFEA SN TV S D, Thbt, S0\
PHHESN TV 202 HEIWICEN T 52 L5 CE 5, &
512, EBORETHES N2 YT =5 EHWT, BE
FHEORD /BRI 2 BEE L, S EBE TRk /T &
TV I xR L. Bl X912, KL TIHREL
TFEEHCCEARGOFAPR#HTE L I L 2R L
7o F70, MO —WHNUE L7 T — 7 W TE W
HBECOIBIERTELI L VAL, Thbb, =
YRA-FHEDIHT - EHAELRLTH, - A
ERA2SHEOIHT — 5 # HET UL, BORBETOR
WAREE B, LA L, RETLIEMM ) — FEHWT
EB LRIy Y IOEETH LA, HA - AERFER
IX MDA YT Y TN RETH B fERT HL—
AT FAREFATZ TRV, SBIEEGETR oL 3 ) —
FZBFL, 20/ — FE2HWTEBREA - MRS
B35 —FFHlizdT) 2L 2ER TV,

T D 7 — FERSET AL, £I22 2OMEL F
PTLUENGHLEEZ L, 31 2OHOMEIL, €
CEMEET Y 2 - VOYA X THAH, EFEEEY 2 —
WV, trY, NEELEHASDLE THIEEBOKE S
D) — FEEETHLENH L. LALK 1(a) lRT &
I, |ETNA ZAORBEHIHEATH Y £ B 5o mE
BIZNEETE S, F72, BHEETY 22— VENELL
INELCPU BB LTWAD, ZOEIREV2—VE
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MW ) — N2 EBT L FPETHL. 2 O0HOMELE
LT, /- FOWEBENGHITO5NE, 4, BHEH 0
DEE, Thabb [T 7 RKEOL VY F—F 2% G LW
L TKRIERHEEBIOBRARELEZ 5. $72, M3
R EA4CRT LI, ZLLOBBMCEGLSITHEMLE
VU T =IO = U PEELTEONE. ZDLD) B
BPNL78y — Y B FMET A2 8T, #ET— =2 T
LIEDEZOND, S5, SLOBELLTTESS?
FEBOBALEG AW TIREFLEOMGELZIT) TETH
L. 12 2 IEESROEBRTIE, FYINMHATDX— Lk
FEx W2 a R HE R T LAY OHFEEENSEGET
b, LF¥F2L =2 ICICL ) BRI AL N2> 72
7o, BoNbtrTF—YEHLEEL TN ER ST
Wiz, Lo L, $XRTOEEMIZBWCTHEEROZE) %R
FTEERS D, LS OBMEG THRIEZIT ) L
PH 5.
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