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Abstract: Progress of ubiquitous computing technology has strong anticipation to realize efficient energy-
saving appliance control and elderly monitoring. In order to put those applications into practice, high-
accuracy and low-cost in-home living activity recognition is essential. Many researches have tackled living
activity recognition so far, but the followings problems remain: (1) privacy exposure due to utilization of
cameras and microphones; (2) high deployment and maintenance costs due to many sensors used; (3) burden
to force the user to carry the device and (4) wire installation to supply power and communication between
sensor node and server; (5) few recognizable activities; (6) low recognition accuracy. In this paper, we propose
an in-home living activity recognition method to solve all the problems. To solove the problems (1)—(4), our
method only utilizes energy harvesting PIR and door sensors and power meter. The energy harvesting sensor
has a solar cell to drive the sensor and wireless communication modules. To solve the problems (5) and
(6), we have tackled the following challenges: (i) determining appropriate features for training samples; and
(ii) determining the best machine learning algorithm to achieve high recognition accuracy; (iii) complement
for the dead zone of PIR sensor semipermanently. We have conducted evaluations with the sensor by five
subjects living in a home for 2-3 days each. As a result, the proposed method has achieved F-measure:
68.6% on average.
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Fig. 5 Current sensor.
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Fig. 4 Power meter.
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Fig. 9 Complement for the dead zone of PIR sensor.
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20 B2 44, 20kt 2 %) 12, ehEFh2~3 HET
DMEATLE LW, FFI4HMGDOT -5ty F2IUELT:
M1 ICEATECHH SN D RERSREOMNE, & o
EARS. 72, 799 Fhwb—A0HF, BLUL
H S OTE 8] & BT 57200, WEBRE IS HME L >
FORBHPEELTHOV, EBRET- 7.

T8 R WE L7728, EETEITINY Y7y — Ve
T, 799 Kb o= ADOWUEEMEE L2055, oW
T = Z Ik L CEEEATENCIL U7 T ST 2179 . b
V== 77—, bR o N TR v
I, BT O3 OFEHL, it LRI LT
Random Forest % W THEHE TV EVERT 5. KRy
Lo E FTRM T OfMEER 1IRT. HEEICD
WX, Time-window:10 FC4E L7z &KX M2 &, 51
HoOF#E Rt v LRt Y, Bt
B2 DR T B ) AT 5. FHliE AR E &
AWTIT) . KERER, =72 IUELZ14HD) B 1
HoxTANT—=%, ) 135 % NL—=v 7 —% &
L, TAMNTF—=% T 0BE2EVEZ L L TEET 5.
PWELZET—=5D) b1 HSOTAMNTF—=% 2 HwT, #
AR - KT BIR - IR Y, MR - R T, R
Pt v odk, FTREY Y OREHWEAOHE
WBEOREZ4T) . €512, Random Forest, C4.5, SVM
TNEThOGHERE RGO EREO B Z1T) .
Wigls, BFETHRERET L2012, EHS (8] %L
TeFEERT S ICEB LR T 5. 2B, RH
LIV TVoORMIEL 5 75, REREETET— % % 10
SEILERL T A0 L, R X TIREEEEZE 10 2,
TEBMEEZHWICEBL TWDL R EDRENHD S.
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® 2 FYMRE FTHE, w0t YR E ORATH
Table 2 Confusion matrix of PIR and door sensors and power meter.
THME | SN . P ) T . . .
- i 7L EHE g - phem R fdE ASRTRe #F AR IR R | Recall (%)
AR 6 8 4 1 0 0 0 0 0 0 31.6
7 L EHLE 0 420 207 1 2 0 2 0 0 66.0
AR S U 0 1 70 2 1 0 0 2 0 0 92.1
pEsi] 0 4 0 223 6 30 0 0 0 0 84.8
o3 0 12 36 1 112 0 0 0 0 0 69.6
TRV 0 1 95 0 57 0 0 0 0 37.3
B 2 0 0 0 24 0 0 0 92.3
YN 0 0 0 0 0 118 0 0 100
3 0 0 0 0 0 0 0 7 0 100
ik 0 15 0 3 0 0 8 0 5 16.1
Precision(%) 75.0 91.3 22.0 68.4 92.6 62.6 100  90.8 100 100
F 4 FYRE FTEM, Bt e Hnne o
Table 4 Comarison between sensors.
RR(IEEL WOME - BT BT RN - BT RSN r7
Precision 81.0% 63.1% 60.6%  18.5%
Recall 69.9% 61.3% 38.9%  35.3%
F-measure 72.1% 61.8% 36.5% 24.3%
F 3 FAMRE FTHRIM, Bt 2 ¥ 2 Ve a OFFliE R
5. i%ﬁﬁﬁﬁ% Table 3 Evaluation result of PIR and door sensors and power
meter.
® 2, R 3 CHRETRCNOLBRARE AT, U e B o 7
LZMHSOT=5 D) b 1 HEOT — & IZRIAZ R pren T5.0%  3L.6%  44.4%
L7728, 13 HOTF—% 2 ffifl L7527 o 72, 2 2 FLUEHE  91.3%  66.0% 76.6%
DOREATHNG, EEIR 13 Ho ) LD 8 H H ORERkEF - s 220%  921%  35.5%
EEL, BATXEROEFATIER L, #51HHE 7L PR 6s4%  848%  75T%
25 o TFMS R EETRART. £3 X8 HEOS PO
g . . . VA .67 .0/0 A0
HEIEATENIC BT 5 Precision, Recall, F-measure % 7~7 . - 100% 02.3%  96.0%
Precision (#E&%) &, ZOEIETEITH S L s 90.8% 100%  95.2%
T—=5DH)L, EBIZFOEFITHTHoIELWT—% TR, 100% 100%  100%
DEETH D, Recall (FHFE) 13534 5 EGFTH O S 100%  16.1%  27.8%
5, ZOEFTHTH S L IEL CRIE N~ OfG iR2 810%  699% 72.1%

T& 5. F-measure (X, Precision & Recall D FF13 T
HY, KNTERENS,

2Recall - Precision
F-measure =

Recall + Precision
#F3IRT EBY, F-measure: 72.1%05 672, F
72, FAEHITEI O O F-measure & KA &, [HER| 2%
100% & e b <, [kl 75 27.8% & fIC TRV R
Ehof, T, 2—VONEHRE VITEIZHET 5
REFLEOFME L, 2= OITEHIIRET HVEF—ED
OMMDITEPZ AR TR ) TIZEPT HTE)T SHEE
WENEL b0 Thb. 2F), 12— [IER] %
179 L ERLTNy FEBIZHAES 2720, HEHE
Kb, WS [Rk] 32 —FHFAT— - L HNOE4
BT RE T B 720, HEREPR o/ EZ LN
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L., S5, =YV 77T [HF] & Lo,
[ - fld ] L ORBIBEL 2D,

K, THGOT AN TF=8 FHWTHHAT A2 30
M A ERGE BT 0B ER G EDO I
ORT. R AR FTRBEYY, B
YHOFTRT, R U E FTHBE CY, RAEE
oK, FTEEYL YOI EHI2HE D Precision,
Recall, F-measure ® L% 7R 9. F-measure THHKT %
AR E RTRIE Y, BHE YT TRTEHVY
GRS E L, ROTHRIMRE & FTRBE Y, Rk
Y Dk, FTHEYL Y TOADIEE & 5. it
Mt e N7 Y2 HW25E8, 2—F0BEB%
PHEMETTLIAEETE WD, [FHE] & [A5HT
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#* 5 Random Forest, SVM, C4.5 % H\ 72354 OFFAliks £
Table 5 Comarison between Random Forest, SVM, and C4.5.

e Fi Random Forest SVM C4.5
Precision 81.0% 75.1%  73.7%
Recall 69.9% 69.3%  59.6%
F-measure 72.1% 69.9% 61.8%

F®6 LHLOTFFELOLIR
Table 6 Comparison with Ueda’s method.

BHMiFERE  IERTHE LHOSOFE (8
Precision 78.6% 78.6%
Recall 68.6% 74.1%
F-measure 68.6% 73.2%

Ve e EOF UAE THRET % 87 24TEI O X FI A3 HE L
<, WERENEBEAALTWSLEEZLND., HYMEE
DA, FTEEY Y OAOLEE, M WATEIO X B2
TEY, THRERIIHELWEEZOND., RIZEK 5 IIH5H
##& L C Random Forest & SVM, C4.5 #NFh %z H\72
WA OB 2R, A S & U Random Forest %
725 OB RV OB b T e ghrol:.
WiRICTR 6 ICIRFEF L EHS 8] 2555 Lo FiEe R
T=FIZHAL, RAEMRERITo TAERE BT 5. B,
FHSOFEE W26 DOREIZOWT, SCHK (8] TiX
Q%L L DIEEZ R L TV AHD, KREBRTIZ 3% L
FoTwh, ThUE, CEk 8] T Y T VORIES 5
Gy, RWEMEEET =5 % 10 58 LER L T 0ixt
L, RERTIIFEMIEZ 10 8, 20wz HAICER L
TWALGREDEVDESHLIZDOTHS.

6. EX

6.1 ZJLRTEREBFEDEMMECONT
BERTETIE, TFIN—RZ MFIME - FTEBE LY
TFEWEBNE OV EENT LI ET, ¥ 7L A TR
FEB L. SNBNLZERSNEICOWETOT ¥ 7 —
Faebo/bln, BMELY Y 7L ATEIREERTELY X
ByaERPEON. UL, EBRIFIZZIST YRy
V—ZADRIE, BXOPLEHSOTEE #5720 108
WALENA 2 V72720, BB X ORI E A ERKE
JBOMEICEHET 2LENH Y, HEAHIKE o722
EDBELTWwWh EEZbNA, Tz, EBRHBFIZBEW
T, ANBRICY 7234 LEN, IELWEEHRASES T
ELRVWHIBPTFAEL TV, TOL) Ry FroEELEN
BRETLHIE®HEZ DL, FEMARIEY 7L ATEIR
BRTENEN THHEELD.

6.2 X MHIERIR
L H S OFFHUTE AR OATiFE T 300 J7 AR D8R
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Bl ML TWD, I L TRETETE,
13720 3,000 HEEEDZF I N—RZ kb r12p
3,000 HEEE ORI v W B2 EH L Cwahb b b —%
VI AMT30 FHLTTOEADTRETHL., 72, &
THEEAIZE S R WIFRO A~ — bR — L TIIEREOMFE
R EE=5 ) Y I TEDLAT— b X —F DR A
T&, BHTF— 7 ORNEI A MIEE LR TH LR
EEZ D, EHIT, BEWEME Y I %
BREONY 7R ELELE T HDICH LT, REFIET
Pk B s AN RE e T DN N bk &G
ToH720, Ny T ) AT LLENEL, EHaIANE
TIFAZENTEL, ZNEDZ EMD, RETHEITKNIE
HaZ MR EER L TWA I EDG0A. 4%, T+
N=RAMLIHREDERIZED RV, E6RETA
HIRASCEBEERD.

6.3 EIHHRBAHEEMET7NTYILOBEICDONT
3.4 BTz X912, I 2 ORI 5
WU T, - FOfTEfEEZEH L. Lol
SR OEBRBEOW A, ) Ey JICEE LRI
% &, RN o Ou ITHHAE L72A, 2 DR
FOFRNRE I BERCKIET A2 EDERHONE. 4
R L 72 fise BT, et RIS L 72 7R-9 b1 >~ o
AV END 20, K2 DU LERIGTREYLETH -
Th, 120y LHATETCVR, ZO0, N4
Gl ORI/ UGS NS L L), HEEEE
PEFTLTWBEEZLNS.

COFPEOMILZIEZ 2 2O EZ HbN L. 1 DHIL,
TR IR DAY >~ T OIS ER L 2w X 912
TRLCHEBEL, FUATEE LG EICELR LMY —
YERLBEWEIICTEETHL. 2 08I, KM
YHORETER TR 2T, B AHF D
Too TEHBET 20 v OMEFITOWTIIERIC 7
W—=T4L, ZIV—TIET AL 51 OTHR
o L7281, 7V =TI BT AT RTORINEL D
IMEE “17 THR—IV 52 LTI OREICLT 5
ECThbH, INH 200K FATAI LT, S5 I12H
ERELZN ESRDLIENTELEEZD.

FEMEER O#ER, ITEIORRIIKE 1L, ¥ F-measure:
68.6% &L %o TWVh. ZORMREI—EDHRTHL EER
B, BEAAFEORE M L L TR L7z (6) Rk AT R
VD) B A TR LTV A STV WL, iR L7

*1IL NEC =~ Y =71 ~ 7% SmartCoordinator,
http://www.nec-eng.co.jp/press/131106press.html

*12 EnOcean ¥ 7 4 v h 2 4 STM429J, https://www.switch-
science.com/catalog/1904/

*13 Panasonic EKMB1100100, http://www.digikey.jp/product-
detail /ja/panasonic-electric-works/EKMB1101112/255-
3066-ND/2601860/
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b OERERHEE TV T) XLADOWERT S LT, FE
FHIZIATCTE 5 % 2FER AR b b, SHhoRE L
L7zw,

7. BbH)IC

KT, AR — P R—AICBWTHELE Y
T =& % O THEMSAE 12 L) RS O 4G TE) 2 303
LERERIELS. REV AT AT, (EAOEEAHS
B L, 794N OMRERLEATIR 2R L7012
FUN=NZ SR Y - R, BhE Y
TFOREMH L., FHliERE LT, Av—FK—2HNT
OATEy : TAM, DEER, &S], [7 V], T4+
v, [#bkl, [PCY, [AWH], [idE], THER] 2% L L
T Random Forest # W CTREBIET NV EREE L 728 2 5,
S F-measure: 68.6% CATE) 2 #5956 2 &S TE /2.

LSHBOFEE LT, BAIA N2 ELIITIFAL0,
HEEBEZRLE OO VY EMO T L2 TEL TV A,
FIT, BV ORRNELL ) 2= FDEFNY - %
fEL, HETA2FEERMETLITETHL. SHITIEF
FEEN T DHEARN 2 EIETE 2 8T 5 72012, MBo1TH)
bR G E D TR 25/l L 72\, 2ORRIC, UL
7ALEOITE  SIEREN AR R L EZONL O
THORLR, Y7 =505k s, FEErHEeT
CETHIDTATETHA. /2, AFETEI-AELL
DY R—=FE2HEL TCnAL720, MR-
F1ATHL. LoL, Rk EOEBAPEET S
A= hR—2E2MELLEE, Toliduziwn,
NIZHIS L72ige & LT, ARSI 2 HA L
TeEBANOEEN AR FEEREL T 5 [17).
Lk, ZNB DI E BEITHEBANOMIETTHEIZDWT
BEtd 5.

H#E ORI O I, FFEEENZE (A) (No.
16H01721), FHAF# M AF%E (C) (No.16K00126) @ Bl
Bz & > TTo 7z, F72, 9 by o v AT oA SRR
SEEERR I IARBFE TR 2| 3 731 A0t %1%
LoE LTSRS 72\nw, IR L CEE
ZRT.
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