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Abstract: Recently, a demand for occupancy detection is increased, since it is beneficial to society in many
ways. Knowing whether a household is occupied by its residents in real time contributes to removing ab-
sent delivery, route optimization for work activities. The existing supervised classification models can per-
form at from about 70 percent accuracy to 90. On the other hand, There are two problems. First, The pre-
vious classification models always require high-resolution electricity data such as 1 second interval
measurement and each data from three phases of smart meter. The requirement is too difficult to get in
Japan, due to the installation methods of the sensor. Second, the previous models only use electricity da-
ta's absolute and near-absolute variation for short time intervals as explanatory variables. It is not enough
to explain occupancy, since it will lead to a misclassification in the situation where a household is occupied
regularly without using electricity.

In this paper, we propose new classification models (method (a) and method (b)) which has two differences
to overcome the previous problems. First, our models only require electricity data measured at 30 minutes
intervals as main trunk electricity data, which has been measured from smart meter in general household.
Second, we propose a new variable called an electricity data ratio. The electricity data ratio at given time
can be regarded as the degree of deviation from the lifestyle pattern seen from the time when the person is
at home. It can reduce misclassification when a household is occupied regularly without appliances.

The method (a) is to set a threshold on electricity data ratio. The numerator of the ratio at given time is
electricity data that is observed at 30 minutes intervals, and the denominator is electricity data at the
same time when a household may be occupied. Definition of when a household may be occupied is when
electricity data is maximum value for 2 weeks before and after and also 30 minutes before and after. Given
that 4 is number of days and j is the observation point which is measured at 30 minutes intervals in the 4,
electricity data ratio is defined by R;,; = y?:j* sla, Ju = ATGMAXp ;14 ;13 i+14,l:j,17jyj+1(yk,z).
The method (b) is based on Random Forest” with eight explanatory variables. The ratio is added to the
representative seven explanatory variables of the previous studies. As a result, method (a) and method (b)
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detected occupancy status with equally or more accurately compared with previous studies.
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1 46 39
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Fig. 3 Histogram of electricity data.
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HARIC & 2725, PR B IZHEENCHBE (Re-
call), #MEHHIZHE A% (Precision) =LY, BEA (L34
TENENOHEOEE Ty MLI2bDOTHEL. BED
PREIZDOWTIE, & (1.0, 1.0) K HED2—71) v F
PiEE% K, BB RN D0 EOMMEE RN
L, MeldznaAME LTKLAEZLDOTHY, (1.0,
1.0) L ORAOHEE (KEBORE) &, Z0L ZERS
NBHEREH (FRO=AOFE) /RLTw5h. 1l Re-
call & #t#ll Precision |2 2WT, WEHED AT — VA ERL -
TV RICER SN
4.2.2 Fi& (b) : 8EHD RF

M e, FAEEMHEELITHIOMMICBIALLED
LI, AEPSEHMTRE IS WIESRNOH %47 . &
BRIZMAT, [6] TSN, EBREHEEHEOFY
it/ fe KAl /o /Ml /R AR 25 /#L P B & VAU & %) (6~
22) RFWIEE LTS, [RIZOWTIE, WSRO HIE
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Fig. 6 How we determine the threshold by Precision-Recall Curve.

THHAALADF 2—1) v D 30 5 HEOLR % [18] »
AT L7z, HAREWTY 30 4 HbBE=e 1M RO
BEHICAFTEL, FHE ) ICLEBFEOM L, %
TWge (6] LB AMAGDLEL I LT, HIET LD
FEEEASEATIIZE & g L CIi 1§ % & ) ARG O T 75 % B
LMITHIETHEL, SHICRF OFMEREEEICBWL
TEIIEPHR N EEL G, EHET 5.
BEBOWEETTEIIONWTHENRS, T TEEEREE
LRPE 60 THBICER T 5. FFEIIZOVWTIL,
30 IO BNFEMOMNE & - T 60 5 MM ~ZEHL,
FOHRAIEERBEOTETEDLEHE L. 22T,
W% 29 513 =1,2,3,..24 DX HIZBLT 5. Foftix
FEkCh 5. BIIHEEMEOFIM /fe KAH /5 /Ml AR
2 /EFIZOWTIE, 30 OB NFERME» o ZhEh
ML 72, SR 30 THBORIRT — 4 25, FHx L
5T ET60 RN EEH L. 30 pHBoORIRT— 4
CRABMED D B B0, W1 CRIERIE 21T o 72, I
L, 6~2BDAEHWTETNVOFEE T A NEFTH
720, FMERAHED) B & 6~22 & L CTHEEE L 7-.
REDEIE#H o 71 27 5 413 python @ scikit-
learn [19] 25FD2 27 7 A D 1 D T& % RandomForestClassi-
fier #fFHT 5. TNEA—T 0V —AL LTABENT
WLTOTITNTHA.

5. FHi0
5.1 FHMfiAE

HHDOKEEIZ O WCTOFM T EE k<5, Fik (a) &
(b) & %12 stratified k-fold cross validation % #8F L, 1E
B HHEL LEOT AN T =7 ~OFHHE L
TRMELINZFMICA V5. Fik (a) T k=2, F&E
(b) 1dk=5& L7z Tk (a) OEIZOWVTIE, 421
TR 72 PR IS & 2 BRMERE T IO, ThE0
==V 7 F—= 5 IR L TERBETVWRET 5. Fik
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R4 FiE () OIESR/EEER/HHER
Table 4 Method(a)'s Accuracy/Precision/Recall.

% H
i ID IR da® PR | AR EGE R
1 0.80 0.88 0.85 | 0.74 0.89 0.78
2 0.86 0.87 0.88 | 0.82 0.88 0.83
3 0.73 0.94 0.74 | 0.72 0.83 0.75
4 0.89 0.98 0.90 | 0.85 0.97 0.86
5 0.79 0.96 0.80 | 0.87 0.99 0.87

(b) DNAIS=INFG— A =% L L THIREROBREL &
EWH LD, THHIREEL TETIVOSE 24T OEEE$
rTEELZ.

F AR TIEFE - 7 A MIEHT A % 6~22 B
WZIRE L7z, SHEERITIE L Dt E 52628, E512
EEEEPITON L R T A BB L2128 D
LDTH 5.

5.2 ER
5.2.1 Fi& (a)

51 HilcHt- TR (a) OHBNOKELFMT 5. %
HHDLLEIT LI, S5I126~2FIZOWT, EEF/
HAER/HEEROER o7, L1311 A~1ATHDY,
FIZ7TH~9 HEERLTWA, KEIZ/INEE 3 A% U
AT BHILTHLL 7.

T4k, EEROHHIL LI2BWT0.73~0.89, &
IZBWT0.72~087 Lo 72, PIHIZZFNZ 081 &
0.80 & 72 o 72, WA O ZEIZAITHB VT 0.03~0.16 Td
H, BEIZBWT0.02~0.15 Th 5.

F 7ot ID:2 D4 20 HEOFET) I & FEEIRIL OIS
ZRLEK1IZDWT, EBROHFIOKTZX 1 L FAED
AT 7 I TR LT 5. 2 2 Tl 2-fold cross valida-
tion @ % iteration (2 T 5N A BMEOFEHEZ, KO
ELCTRRLTWS. 41T, BHIEABLZ01
i TP Lo &, EBRREIAELZRT I ENLN
L7z M7 XY, Z2oHMOLEBY, BLE0.1ICH
il (o Ry MEEER) 2550 572 &R THN
L. BEDLOEORE S 2L OEDIE (KFo ki) (2
L CREEEMEEL, BEREOMEORNE 2L OET
HAZH L TEAREDHEZRIT-> T D, ZOHBORET
&, FEEERE (P oFER) LBLe—H LT3,
5.2.2 Fi& (b)

WIS, 51EICHE - TFE (b) DB O E % FFAf 3
L. O LETEIZ, E5126~2FIonT, IE
BHEEEFE/BHEORMNEIT>72. R L), EEFE
OB, Z12B\VT0.84~0.91, EIZHB T 0.81~0.87
o, FHMITENZN0.8T & 0.85 Lo/
MOEEELAIIBVT001~007THY, BElIZBNT
0.01~0.06 TH 5.
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Fig. 7 How method(a) actually detects occupancy in Fig. 1.

®5 Fir (b) QLR HAE/HEE
Table 5 Method(b)’s Accuracy/Precision/Recall.

% H
i ID IR GEaeR R | ISR EGER K
1 0.88 0.89 0.93 | 0.81 0.84 0.87
2 0.91 0.91 0.93 | 0.87 0.86 0.93
3 0.85 0.86 0.92 | 0.86 0.86 0.91
4 0.89 0.89 0.99 | 0.85 0.87 0.96
5 0.84 0.86 0.94 | 0.87 0.87 0.99

F72, W ID2 DLDHEEIZBWT, HESINLRE
DETFNVON1I2OKRER 8BRS 5. FRHDHHE
D= Kb 12V — FAOS5E B ZRL TV 5.
F 72X @ Ratio 758 I Hi, Range 23#iFH, Max 25 K
xRy, CA NI AFHBIHROT -5 2R, TN
)V Occupancy @ Occupied 25 #£ K, Unoccupied 254~ 7£
Bo7F—4%%Ry. ZIHBRFDOIEEARD1IDIZDOWN
T, HAOBTEAROES 2 FTICRELHRT . ¥
RKOEE1LIZBWT Q200 KM%ZRY), BHRD
0.15 LW REVHAZENLLTFATHH L TWAE, RIZKAD
RE21I2BWT, BHD0.15 L) KEVWESIIH LT,
SHICHIFAND LML D KECHLZENLF 2 THRI L T
5. FRFICENE2015 LT THHLERIIH LT, &K
lAHHMEL ) KELZNLU T2 THREZ L TW5.

KICHMEREFEICOWTHY TRY. FHMEETE
L, BHHZEICL VRN AT oL EO YV ERHED
WAEEAROBTFHL, SOICERLLZETHL. ¥
SAMIEL, Ty D% — FICHET AR TEAN T
ENfizflioTni. HHEREEEOERE L UL, &
LMD FEN BT ENIET#H L -0 %
HOEMIT A LIz D, T2 T, ml/E &4
WZOWTEEZER LD DZEIRLTWA. Kok
ML T T AN F AR EERLIZLT —N—Tdhb.
o Xy, EBHITESME & HICEEEN0.16 &40,
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8 RO Tl b BEEDE L EATEDFENI BT D
HELL TW5, T/, KM - /ML ORERZEE DL
0.03 INICILE W AEARED T ENI 2 B DO 21T K
LR, BEREE - #P - AR - R E D721 0.05 D
LTHYEMEOEIKE V.
5.2.3 Fi& (a), (b) EETHREDHR

Fi: (@), (b) ERATHEDOETIVE DIEEFEOLE
AT . ATHROET NV E LT, BE LW 6] 75 RF
IR E L CGERELZ. ghko LB, ZOEITHIE
AR & OFEVEAREIC R, F2RF I [6] 2217 TR <,
S & 2123 DB WIHLOETH 5 [10], [4) TH
FARICERH SN TB Y, BATHIZES O IZB W TR EDE
WIZEATRENT WS, [6] D RF OHEEFHEIIOWTHE
N5, FHEITHEMEO 60 575 MO KM /f R E /fes
il /R A 7 /P /S /RS ) (7~22) /13 ID (1~5) /28
i (EH%) 2SS0, R RE o 7E R % 4] 51
95, REZWETLTETHL. NM/8—=3F 2 =7 &
A& FRRICEE L Tilo TWwb . FHiiidgie LTid, &
fia & BRI k=5 @ k-fold cross validation ¥ L T 5.

F7oMid L LT, RF QIEERIFEZFICIHHHERD
MRABRLZ, CoBBEE LT, 6] 1T OIES
FEPRRWMENTBL TS TERVWI L, FiE (b) &
RF CTNANR—=RF XA =7 2 O wfi— L7z LT
THIEDNETONL, F72 (6] 2BV TR ID & %
EHOHPEHICANT EOT1IODETNVEREL TN D
B, AT T & FFH T LIH L2 DOET IV EHESE
FTH5ILE L7 THERERDODLHESIIBNT, 5
W ID BLUOHLEHOT — 7§ _RCUHEE T LIEIANE
ZHBLTLE) L 2@ITL2-0THL. 10 LR
11 IS THERH R BT 5.

10 & 0, 4O RF OIEZFEIZ 0.80~0.88 DHiFH TH
D, FIHMEIZ084THL. FHETHET S LFE (a)
2 0.03fEA/NE L, Fil (b) X003 AR E V. [
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Fig. 8 One of the decision trees in the method(b).
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Fig. 9 Random forest’s feature importance calculated by gini impurity.
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Fig. 10 Comparison of the accuracy between method(a),
method(b), and [1]'s RF in winter.
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5.3.1 Fi& (a)
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FAIX 0.72~0.89 & e o 7=, FIHfEIZ 081 THDH. F7-#
BHIL0.87~0.99 & o7z Tk (a) OMGEEOMHITZE
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WHOTEEWOPICT LI L THo72 ERELT, [6]
L TAIZBWT0.03, BEIZBWT0.021Z &7
ERTHLL00, 8ELEORE Y L OHGE 7 & H#
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Fig. 11 Comparison of the accuracy between method(a),
method(b), and [1]'s RF in summer.
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