BHAIEF =R NEE Vol.57 No.2 416-425 (Feb. 2016)

- EEREREHEE NI DWW
%Wiﬁﬁ@%ﬁvx%A

FH R B RZ? W& FE mEhY) oR BE!

ZfTH 201558120, #*$%H 2015F11A5H

BE RN EE T AREREPRTY) 202 FHRFANT Y2 T — VA2 EBTH720121, FE
MWIZ B B AFATEI O LETH 5. INE T, TR T 252138 {fThbTwa Ay, (1)
SHOY T EMHTA0EA - I A NEEY, 2) W RATRIA VT EFHINT 0TI 4 N 22
EI 5B, (3) Wik T S ATHFEHE DD e\ F TR E MR 2 EOFEDFR SN TV A, AETIE, L
FL3ODMEE TRTRT 5 2 L HIR L 2AETFATEN R Y A T A2 RET 5. BEVAT LTI, #
(1), (2) 2T 5720, SHROBMBL - BERSRAD, AT % EIZST T ANV BHA~OHEDE
ﬁ*&w&%i%ﬂ%%ﬁﬁ%%yﬁﬁiU%%Kﬂhﬁﬁtﬁ%%ﬁﬁyﬁﬂk%ﬁwé.it,ﬁ%
(3) ZIRRT 572012, (1) ZROFTENTT B4 07— & Otk & SATHIRIE S 5 Ei 7 — & O,
(ii) #hii 7 — 7Hﬁ¢%w%%&ﬁﬁ§®%%,mﬂﬁw&ﬁ@?“%Twwﬁ o TWh, 4 NOH
BRI E B 3 HMTODEGICED ) 7 — 5 W CEHMEER 21T > 7245 5, 10 M o 2351 TE)
T 013U DRECTHMRTEL L AWML, 72, EAIA ORI ZMEEL, HEEILY
T OB L OMEMEDOREE LT S 288 T CaMli L7284 Th, P 8T1%DIEE CIrgh % 38k T
EHZEEWSMIZL.

F—T— K ENAETTERE, TIANVEE, BRMELY S, WEE Y, e

A Living Activity Recognition System Based on Power Consumption of
Appliances and Inhabitant’s Location Information

KENKI UEDA! MORIHIKO TAMAI?2 YUTAKA ARAKAWA! HiroHIkO Suwal®  KEIICHI YASUMOTO!

Received: May 12, 2015, Accepted: November 5, 2015

Abstract: To realize context-aware services such as efficient energy-saving appliance control and elderly
monitoring, high-accuracy in-home living activity recognition is essential. Many research efforts have been
devoted to living activity recognition so far, but the following remains as pending problems: (1) high deploy-
ment and maintenance costs due to many sensors used; (2) privacy exposure due to utilization of cameras
and microphones; and (3) few recognizable activities or low recognition accuracy. In this paper, we propose
an in-home living activity recognition system which aims to solve all the aforementioned problems. To solve
problems (1) and (2), our system only utilizes indoor positioning sensors and power meters that are going to
widespread and considered to have low privacy exposure. To solve the problem (3), in this paper, we have
tackled the following challenges: (i) recording sensor data including various living activities and extracting
training samples corresponding to activities; (ii) determining appropriate features for training samples; and
(iii) determining the best machine learning algorithm to achieve high recognition accuracy. We have con-
ducted evaluation experiments with the sensor data by four subjects living in a home for three days each. As
a result, the proposed system achieved 91.3% accuracy on average in recognizing ten different living activities.
Furthermore, even when we degrade granularity of location and power meter data supposing to use low-cost
sensors, our system achieved about 87.1% recognition accuracy on average.

Keywords: living activities recognition, low privacy-intrusion, position sensor, power meters, machine learn-
ing
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Fig. 1 Floorplan of a smart home used for data collection.
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Fig. 2 Positioning sensor.
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Fig. 4 Daily living activity labeling tool.
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Table 1 Sensor and corresponding features.
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T, EFFTOMGEEHRL LS, 37 =21 LT
FIEIFATENIE U729 NUVHF 4TS . I ~NUfHF &SRz
TRTOF—=% % 5 BB THE L, 4 NEEOF—% D
Hh S SEFTEHICOE 30 Moty IV T— 5 &
LTIy F LB L7z, 208, mhkoTIECH %
i L, 3EEOBMEE TV T X4 % HOTITEIEE
ETFTNVERBELL. FEHIE, B AEERE WL
reE L, BHOAROYEE, MEEROADYE O 3 /3
¥ = HE L TENENGHMi 24T o 72, FHHICIE, 1047
EIR MR R Wz, T -4 % 105E L, 201
DETFTAMT—F L LTCEHL, #ME 10 [ RT
ETEEEFMELTWA, THICX Y, BFEE LA
ICEE L T 5.

A OFEBREREE T RO BB £ v L il s
FEORNMEYL I E2HH LTV, BIRTIE KR
JENOE R L v, Z2TEAITA MO HEL,
MEENL T OBEHIE L 72856 & A BERE > EXm0IC
FALS AT L CHRBOEREZIT, RS~
DFEZFMT 5. DUTICHHMERE 2R,

4.2 FH@m#ER

ZHilZ1Z Precision, Recall, Fi% fJ\v»%. Precision (&
BH) X, TOEGETEHTHL LHEE LT —FD) b,
EBRIZZOEITEI CH o727 — 7 DEETH 5. Recall
(FFHER) 135543 2 EETEIO ) b, ZOEGITHTH
HEWESINTT— Y DOEETHS. FAHIX, Precision &
Recall DFRFIFEHTH Y, K\ THKSNS.

_ 2Recall - Precision

" Recall + Precision

DA DFFAMAE F 12 BT 2 AR X3 RCT F AR T.
4.2.1 FET7NLTY X LOE

#+ 312, SVM, C4.5 AR, Random Forests @ 3
DB TN T) XL EFH LGEI B 5 B E 2R
ORI LT -8 L LT, B L ENRE )
R L7556, BHORDYE, MEREROADEEOR3
N =RV, IRTOFETIVIT) XALT, Figw
ELCENEMVEFEROW G & MAaEHbE 5 2 L TR
EaRm SIS PR TE T2, 3TXRTOIRNY —
2B W T Random Forests 12 & 5 iRikA i b & W ik ks
EREoNz. RIS, BHEMEBROM S 2 /HHT 5
LT, 9I3%EHMVRBRBELEL Z DT E . 2O

3 KFBFTLT) ALIIBITAFEY F il

Table 3 Average F-measure with different learning algorithms.

i IR
BERTNT) AL | BHEME | BHIOAK | MEOHR
SVM 86.3% 69.7% 78.0%
C4.5 PJER 87.7% 74.7% 77.5%
Random Forests 91.3% 83.5% 79.0%
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Fig. 5 Accuracy with different combinations of sensors.

RO E, DEFEOFEFE R TIZFEE 7L T) X LI12TR
T Random Forests # i3 5.
4.2.2 HETET E DOBHKEE

FATEATE O RERRKERE A 5EM 3 % 72012, X 5 (it
L OKEF T ORBEE LR, TRTOAET
BT, BHEMEBRE A DO DL Z L TR E D
FELTWABZENGHDE. 7L CHBED R b RS ML
WS E o /2y, THIETF LY RO T AFECHE
% LR OFTEY F R ICAT ) L Vo HEETEI TH - T D,
H—ATEIC T ANUFIF L TWA L ERZEE 2 5N
L. DI v T @@ R0OFMERT.

K4, R 5 ICENEMVEEREHCZFERETVOR
AR AERT. R4 OBBBERIIBNT, FATIEERD
AETE Z R L, SHATEIFEET VICE o TPlls
72AETEATE) 2 RS, 3R 5 XS EIEITENC BT A Precision,
Recall, FE%Z/RLTW5.

FHTEATE OB O F iz s &, €%, 7L CHE,
SRS OFTENZ 90%LL O E S SN, -
ik (PCHER), MEROTENIE S S FAH 100% L % -
7208, 2R, BT, MEERE S IMBofTE L TRE L
B DMy S L0 EELZONS. 2L 21E, HFE-
iR (PCHEF) ZEEDOT A7 ORFi© PC # KB S
DITENICTH Y, EFTH-0ICFLELREY Y Y Y ORE
BAEIE S DEND D o 72, MRS FARICEEDONRY RO
Wi TR G073 A EDRETEILSI 50D
TEIEKRE MR TR bDEE L L, FLEH
TEICBI L CIE FIE 66.7% & e DR AER & e o 7228, i
&, £4IRT LI, TLEHEZ R TRFERHEL
Bk LTBY, BETHPERNTHL EEZ L. ZOMEN
Fd by, AHEPHELE->TTLVEHIELEHRL B
N, 26 1FOEEHDI L, 20257 L UHTEICEAT A4
AT H Y, TT% % HDTWA5,

F7, TVEHEICET 20 OLAORRER L LTI,
FHER A2 AEEV ERRRERR L T b b 003 1, &%
gE, NGRS, BBREABEEBEL TV LN
FNEN1 D o7, IRSIEEEHICT— 7L (TB) ~
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F 4 (CEGHREHEEINEHRE W26 O KATE) ORISR R
Table 4 Confusion matrix with the all sensor data.

i FHlME a b ¢ d e f g h i j
a=FH 260 2 0 0 0 0 0O 0 O
b=f% 0 24 1 1 0 0 0 0 O

c=HEEV 0 0 291 0 0 0 0 0 0
d=71¥ 0 4 0 204 1 1 0 0 0
e=mtar 0 0 0 525 0 0 0 0 O

f= A% 0 0 0 0 0 29 0 0 0 1
g=fw ki 00 000 12 0 0 0
h=fL% - fi# 0 00O 00O 0 0 3 0 0
=R 00 00O 0O 0 03 0
j=rhh 0 0 0 0O 0O 0 O 0 30

F 5 (EHHEHEEIEHE W 7oA O R R
Table 5 Accuracy with the all sensor data.

AEATE) Precision(%)  Recall(%) F 1l (%)
R 100.0 93.3 96.6
e 85.7 80.00 82.8

AR 90.6 96.7 93.5

FLe 66.7 66.7 66.7
Bt 83.3 83.3 83.3
Ait 93.5 96.7 95.1
bk 96.7 96.7 96.7

5 - sk 100.0 100.00 100.0
k. 100.0 100.0 100.0
Ab 96.8 100.00 98.4
Sy 91.3 91.3 91.3

® 6 HIIOH TR E ORI R
Table 6 Accuracy with the only power meters data.

ATGATE)  Precision(%)  Recall(%) F 1 (%)
sz 87.5 93.3 90.3
e 73.3 73.3 73.3

BAFUE 57.1 66.7 61.5

FLE 54.2 43.3 48.1
BT ] 80.6 83.3 82.0
ST 96.4 90.0 93.1
ki 92.9 86.7 89.7

R UL 96.8 100.0 98.4
e IR 100.0 100.0 100.0
Ah 96.8 100.0 98.4
Ty 83.6 83.7 83.5

S 21782V 7 7 (SF) CTHEFL7ATH), W2iwk%E
L7ATE 3 EDFRERE SN T WA EEZ BN, INb DT
B oWTIXZ ORI OFTE L AB D THBZRTHZ LI
LR EX L EZ D,

® 61X, BHORAZHC-BEOFMERTHL. &F
TEATEN OO F AL 83.5% L 2 ), (EEHMOFFHEZ
BEALSEL VR oz, COEKRELT, FLE
DEEFTELINCS, BHO FHAS 73.3%, EHEVDF
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R 7T MVEOAEHW8E O R
Table 7 Accuracy with the only position data.

H{EATE) Precision(%)  Recall(%)  F il (%)
pae] 87.5 93.3 90.3
i 66.7 66.7 66.7

ik 96.4 90.0 93.1

FLE 39.3 36.7 37.9
Ea 64.5 66.7 65.6
At 86.4 63.3 73.1
bk 86.2 83.3 84.7

5 - flnk 96.6 93.3 94.9
TR 96.8 100.0 98.4
Ai 75.0 100.0 85.7
] 79.5 79.3 79.0

A 61.5% L, BHOMME L L b WITE OIS E
DHEALL TWALZ EDRGhD.

R TIE, MVEEBROAEHVEHEOFMERTH 5.
LHEEATEI O O F AL 79.0% & % - 72, FHHL & fr2
RV ORBEEVWHEE, TH—% Lt LOLIRL
D, OZOLFUANTITEI T2 LI EAERELR
wWickEZ AL, 72, AF, 7T LUEHE, mESMboTT
L LBEWEEL Lo, iy 7784 =07
T=T7 N E, [ UAE TR ZITEIRI 5720, (i
BRI CIRHNLEHE LW L2 ERTH L EEZ L, S
B, AMHBR AR O L5 ICAE GRS L Z 2 5N b 1T
B ORESRCEEIE, XY Y 7OFERIERRS 5 &
E2 D, RERTIE, FTBOITNY v 7%, SR ABD
ITE R 07D 72 L BEBRE AVHIT L 725 5500 & 2 OFTHE) & HIlk
T57:0, PAFRLLENOBBREOMERRD EENb
BEDHY, TNITERROBENEEZ 5.

4.2.3 HEBEEHt YOBME % HIR U =B O

FENHC R E, EER (x B, y ) o
S, KXBOEBNT—5 (FHEOWH LT, 7
LY, =544, PC, IHt —%, &k, Whifise, ET
LrY, iR, K74, Wk, HER) oFHET
HY, BUHBIIEF 18 TH A, KT A FTOEHDD
W2, HEEBN LB BLEE LW, 22T, B
PR A B L 7255 6 O RRRRKE E D ZALIS D W TR § 4 .
Weka O 8 ERBERE 2 L, EBEERICI VITH
SEICHER BRI L. ZORE, MEER (x
o,y ERR) ol WEHICELTE, VEYTOR
BH, PEEAFORRE, LY, IHk —%, B, +—71
THERTHHZ EHFERTEZ, —REDITE b LR
EEZOND A =T A APERLZEEL L TR 72l E
LTI, =T 4 FET7 VY EFEERICEEDLDNS Z ED
Zid L LR b 70, FTEIOHEEICES LY
DEEZ D, TNODOMELMH L7286 O RET
KB IRT. PHFEIZE81I%ELY, BIHKE 18 15
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xR 8 BV HIM L 723G ORI R

Table 8 Aaccuracy with reduced number of power meters.

AEATE) Precision(%)  Recall(%) F 1l (%)
B 90.9 100.0 95.2
e 74.2 76.7 75.4

jes VA 93.1 90.0 91.5

FLE 57.7 50.0 53.6
Bt 76.7 76.7 76.7
Ait 100.0 96.7 98.3
bk 93.3 93.3 93.3

5 - sk 96.8 100.0 98.4
i 100.0 100.0 100.0
Af 96.8 100.0 98.4
Ty 87.9 88.3 88.1

xR 9 (EFEHRE 2m OV TRKY - 728556 O i 5
Table 9 Aaccuracy of using the simplified position data.

AHATE) Precision(%)  Recall(%) F 1l (%)
pasi 90.3 93.3 91.8
g 61.1 73.3 66.7

jex oV An 85.7 80.0 82.8

FLE 60.9 46.7 52.8
Bt 86.7 86.7 86.7
Ait 96.7 96.7 96.7
bk 93.5 96.7 95.1

5 - sk 100.0 100.0 100.0
i 100.0 100.0 100.0
Ai 96.8 100.0 98.4
Iy 87.2 87.3 87.1

SICHI L7245, REREMEEIX SR L2ME T LCwiew, oF
D, HBEEDL I E2TRTOREICY) 1T 50T 7%
<, i L7z 6 FEHOE 7 — & BT 5 2 & CHEETT
BRI TR TH 5 2 &R TE /2.
4.2.4 fERE R L ZBEORHE

HIRDIEE BT £ > FHOBNKICINA T, (EREDZE
WIS L CEHliT 2. S ROEBREECIE, BiliziBEn
Y HOICEREEMERE Y AT L2 flio TW A, Bl
R WREA~NOERIIEE L, 22T, IhEI A
DOALEHERE > AT L ORI A E L, SREERO LIV Ics
FILT, YIVOFLEEZHENE L5 2 L THEFRD
FEEE 2 BRI L7256 ORBRBAE R D2 bz o CEF
flid . 2m WUHDLIVIZHE L7286 OFFlifE L5 9
WRY . R L72B T — 7\ EEiR oA M % 6 MO
BT =y DAREHEHLTWA, BHOITE 2 /5 &, Al
FURCORRFREED 0% T LTnD, Ziud, Mk
JEEELTAHIE Ty FUIBITAIHE =2 L LED
MEDX D ONPHL ozl EDIERE LTEZONS.

L2 L, &R0 FAEIR 871% %Y, £ 5 & HART
A% L DMET LT RWZ &0 A, ZHUTLD, KEN
BB EETENE, SROEBRTHER L L) iM%

423



BHAIEF =R NEE Vol.57 No.2 416-425 (Feb. 2016)
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e EAATENE LTI NUFIT 2T 52 LT, BEBED
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DWTIRASHROMETH 5.
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