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A Study on Daily Activity Sensing System with
Non-contact Sensors and Multi-person Activity

Recognition Method based on Activity Co-occurrence”

Tomokazu Matsui

Abstract

Understanding daily life activities is important to provide high-quality lifestyle ser-
vices, such as healthcare and activity recommendation applications that are tied to
daily life. Especially in Japan, where the population is aging, it is necessary to contin-
uously recognize the daily activities of the elderly so that efficient healthcare can be
provided and health-promoting activities can be recommended. In particular, when the
target user is an elderly person who is resistant to the collection of privacy information
or the wearing of wearable sensors, activity recognition based on non-contact sensor
data without the use of cameras is required. However, the existing sensing systems
for daily living and their activity recognition methods have low acceptability for actual
households where elderly people live. In addition, the issues regarding daily activity
sensing systems include the high cost of the system itself, the difficulty of installation,
and the need to use information technology for the operation of the system. Therefore,
it is required to develop a sensing system that satisfies the following requirements:
1) low cost, 2) high adaptability to the environment, 3) low privacy violation, 4) low
installation and maintenance costs, and 5) high usability (Issue 1).

In order to increase the applicability of the system to various households for household-
specific activity measurement, electricity forecasting, and outing support and recom-

mendation services, an activity recognition method targeting multiple occupants is

*Doctoral Dissertation, Graduate School of Science and Technology, Nara Institute of Science and
Technology, March 17, 2023.

v



needed. The generally proposed method of recognizing the activity of multiple oc-
cupants identifies individuals based on video data and wearable sensor data. However,
they do not satisfy the requirements 3) and 5) of Issue 1. On the other hand, sensing
using only non-contact sensors does not provide data to identify individuals, therefore,
a method to recognize pairs of actors and types of activities cannot be applied (Issue
2).

In this thesis, we propose a sensing system and a method for recognizing the activ-
ities of multiple residents to solve the above issues. To address Issue 1, only a small
number of inexpensive sensors are used instead of cameras and microphones to sat-
isfy requirements 1) and 3). To satisfy requirement 2), the system is composed of only
non-contact sensors that do not depend on the installation location, layout, or setup. To
satisfy requirement 4), energy harvesting sensors that are small, easily removable, and
operate by environmental power generation should be used. To satisfy requirement 5),
a simple push-button annotation button is used as a device for recording ADLSs, which
enables easy collection of ADL data even for elderly people. As a validation experi-
ment of the sensing system, a two-month sensing experiment and activity recognition
were conducted in 10 general households. As a result, it was verified that the system
worked maintenance-free throughout the experiment period. In addition, we confirmed
that the system was able to recognize activities with an average recall rate of 72% using
LSTM (Long Short Term Memory) analysis.

To address Issue 2, we develop a new method to recognize activities for multiple
residents in the whole household without individual identification. Specifically, we
define an estimation task (cooperative activity recognition task) that infers which of
the target activities are being performed in parallel. This enables recognition of which
activities are performing in parallel with which activities. Thus, it can acquire more
information than the results of the general action-type-only recognition task. Further-
more, we propose a novel recognition flow based on machine learning for efficient
recognition of cooperative-activity. Specifically, we construct two models to perform

the cooperative-activity recognition task: the first model estimates the activities of each



resident independently from the sensor features, and the second model estimates the
current activities of each resident using the past activities of both residents obtained
from the first model as the features. This enables cooperative-activity recognition that
takes into account the co-occurrence of activities in which each resident influences
each other’s activities.

To confirm the feasibility of the proposed method, we conducted a one-month ADL
sensing experiment on five general households. The results of the analysis using Ran-
dom Forest, Logistic Regression, and DNN (Deep Neural Network) as the first and
second models, respectively, showed that cooperative-activity recognition was possi-
ble with an F value of over 66% in the recognition flow using DNN and Random Forest.
The accuracy of cooperative-activity recognition was improved by approximately 5%
when the co-occurrence of multiple residents’ activities was taken into account, com-

pared to the case where the activities were recognized independently for each resident.

Keywords:

activity of daily living, multi-resident activity recognition, machine learning, sensing

system, non-contact sensor, energy harvesting sensor
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BEQ): 2—FDTIANT—ERELRN L.

B 4): REAMX Y7 A7V —TEIfET 22 L.

B G): BRECDHALL TV, SR —F L VR T 2 — 2%
BT,

REGLIE, REFFEDAER T & & D IS 2729, BIFOFEZEMICBIY S
TENEHR S X7 L ADL F— ZINES R T AR FABET 2 2 BT, ThHHF
AT LD LD S ODEHE L TWAEmS 5.
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22 FRIBICHEITARADLE VT

JEREFEOTERa Y 7T XA MRIEHT 22 AT LICBT A5 Z TN T
W3 [10]123, V7 T TNTNARZEZLI AT LAEGERVY AT MIRAIT
x5,

A= b7 BB Y EHASDETEAZED 2 Y TF X FEMEITD
e [11], HEDY =7 5 TILTF AL 2T & o TEBEBTANVRAT 75175
R [12], BYE, A= 74280V 27 7 7V T A AR T 2058
ST 5[13,7,14,15]. LOLRBYS, SEZX—7y 325558, v
7T TNTNA R ELY AT LE, EEOHHEPFMX D 1P ITZITA
NONHNTELD 5. 2D, RIFETIRY =7 7 TN TN R5EDREfHTY
L UHBEERVWS AT ARKTS.

VT T ITNTANA R EET, JFEMTERE OTEIRER LA SIS
ZRAEET 5. BEREZFAHLUATERSERE LT, Wi-FRZHALUZTE - P2 X
F % DS [16, 17, 18] X°, RFID ZHIH L7178 - ¥ = A F v Bk D 5%
[19, 20, 21, 22], BLE ¥'—a > ZF|H L 7z & & sk ic B 2 Ml srEl > 2
TAL[2B) R EDTFEET S, LELEDS, 06 D5EE, BROKEELZ
3272, BEST AL ZAONBNIED S Z L ICHZKENDETH D, FEEHRE
DANTORAEZ, Fx V7L —>a yOFHELERT L LHENTRL. 20
72, NSO, B Q) Bl L T0RY. EiEDOALRT 7 EHB
CLEUAY LRy bU -7 DIRE[24], BLE Y —a Y Z2FH L =&k
BRI BT 2NELSRER S AT L 23] R EBIFET 20, HibLz BHFF
EDRTETOADERTH D, EEO—MREIIBIIZ ADLELY > Y I AT
LELTOENIITHREDLD 5.

ADLt Y Y Y AT LN TS AT 2 LT, RANEEZMAIT 5729
DEFERHS AT 4 [25] R EEnE O RS D R e 2R BERMOWIS (5], &
X EFH U TEEIMRE S AT 4 [26] ¥ O BERANCFHE L 72> X7 L DK
HBATHS. LLLEDYES, WS OHhDIATATEIXFEAHAL, 2—W
EPHEICHRE T 22800, =D TITANY—2RETIRNDH 5720, &
F (3) &7z X 7o,



—fz, X ZEFEALTHEIRZINET 22 X7 41%, 77— X ORFERLHEIE,
FBEHICXZEBOMBICEHL T IA NS —DORENREET S, 72720, B R
TRV AT LATH-TH, I LB oY VT4 VT Ry 7 AR X
TV VRO L, BRAREZWET LI REICLST, 74N
ABLET A EHARETH L. ORI, IXTEFATSZ T, THR
A DA LR T X 50, 2—HITkoTE, ERITHX I THRFE L1
BRERIF - HEELTORLTD, IXATERBET S Z BRI T 2 BEHRERN
BHEERDSIZZehs, R UINRERDZ IR H X ITRBEIIHN L TEK
TUERE L 20T 2 08D 5.

ADL 77— X ZHEf3 5 2055 LT, BHHBARS/KENHERED I A4 75
4 VEMET 2 FER, RN R Y 2EE LA~ — b R—2a2FH
THFEPREEIN TS

4774 EFHATZFEL LT, KEOFFRID & —H 2 KEENTTH)

TR T LT [27] %0, IKIRIEHD & ¥ D ADL 23T HhL T\ % %385k 3 5 iff

7% 28], KBOBNHFHESLHHRNBIUE—Ya vty ror—2HA
BbhETITEIRE# S 2 Fi£ (29, 30, 31,32, 33) MFET 5. F/2, Av— hkh—
ﬁﬁ@z%&ﬁ—7/7—&kvbtbf,Kmmmr—&&ybwq,mms
7 —2&+%t v b, [35], PlaceLab 7 —%& -t b [36], Domus 7 — X+t v I [37], Sweet
Home 77— &t v k B8] R EDEETSZ. ThoHDF—Xty hTlE, 202N
A< — MEEINEAREBICBITS2 S Vv Y AT 42 L CTINEX N7 —
Xzt Tw3

INDDTRAT AL, FEBRYEOFERIFET 2, EI~y b RED
REMEOHFIDRENE VHEFHLTED, 280t 3@zt v 4%
HALTW2EEbH2 200, WINDRPEDEBIEREICN L TRELTED,
—MRRENDYERNIIIREDR D 5. Lizd>T, Zo DX, BEHF 1), (2)
Zifi7e LT\, ADL KRS V) 72 i lin & O fR R T i IE 1 2 (e 3 2 72 121,
EDERRGECLS, ~ROEWEREIZBITS ADL T —XDL 2 v IH
WETH .

—EREICBIT S ADL LY > VY AT AFRBICBI 2 EELRERX LT, 7



FANS —~OEEDH 5. —RREOFIRFE PRI NS T —XIIIFEEIC ST
AR=PMRT=RTHEIEDD, TIANT =X 2V 74 I1ZBT 250
ZEATHIT WS [39, 40, 41, 42, 43, 44, 45). BEZFOHR L0 5T, HIR
PEHREOIEE - T2 RFIRBEE 52256050, B Q) 2l R0,
L7z o T, FRBRICRET 2> VY AT LIFARERIRD 75 4 N> —IC
PR L7 HROAZINET 212 &0, HWMINHO U R 7 RREEZ K3 5 24
BERDHD. —RRECBI2T7HRETENE Lty Y Y RTLELT,
CASAS[8] DA~ — bR —2LF v b (Smart home in a box: SHiB) 234 5. SHiB [8]
&, —BREANOEBAZFRE Lzxy b THD, AFROERLTT70 LD
F—Xty MR - RBHEINTWVWS. MR TIREL, BHEEELR2TO
—RRETDHH, Ry b2flo TVWAIREDT — XLEREFEDREDT — X,
EEEEEDO T —XBFAT 5. SHIB Fv ME, —n, EFEHRHO —7
NV, VL —, BERUY, WA F 7Ry, NEb Uy, EBilE kET— 7
PORKRENE., ZNHD0E YV HIZEEDOLINIIHRETS 2 Z EBAEETH D,
BE D OFEEZ 0. £, BT FRLTHFy bBRIZ 6N Zehs, £V
YTV AT LY LTI ZMICEARRETH 5. X512, Ein#E DS SHIB
v b ZBECRELIT O HE O [46] TlE, BIRRIFLRFHELAHE SN TV S.
TROE, ZOLIRFy bTHNX, SEDIEET 2 —BRKENDEANA]
REL&EZX 5. —HT, ECOEYHENy T VEEITHD, ENIEX >V TF >
ZDBRETH B 2, NvTVUD, ErHOH AL RFReRe R TH L. £, b
Y OBRBEIT 40 ARETH D, HEOBICH D 2T, HERICEEED
KU REEDIRE N EHEE LTHEIFONS. X5, (THILDT )
T—aryDoillE, BEEESNPC ETEfETS2Y 7 b7 2FAHLT,
TENZ NV ERES HHENDH L. EElE, SATLXYTFYAPRBETDH
52 eNOEHEEPEL BHEADBD Y [9], PCORHLEMRA > &7 2 — A%
DOV 77 OREFE LV 23] LHEMEA WS, U EoZ 25, SHIB
v M, BH@), GO Z TRzl TS WK,

4 XV ADEED—fRFEETADL £ > > > 7 %4175 SHPERE 71 = 7 k
AN Ek2Ey S VTS ATLADPFET 5. EIEDNVRAT 72 HE LTH



D, WS ODLDI AT LIEREHRH 2. AT LHIE, VT T7TNTNL R
HRAXZ, NBEE U HREDPLBRINTED, 2K LTLliTths. FIFHT
V27 7 TNTNA RFIEFEINETH D, EPURER KRS A EREA R X AT
L. Fi, fTHOT ) 7= aili, SUTNARENAAT TS —ay BT
T 2720, FIALSLTOVEEAINTVS., L2LARYS, AT LARBED
BB 2 @ GG, MRFREOMELD Z 212> R T A DFAEP BT H
D, 1T BWHBEIDS AT LR TF IV ADRRETH 5.

23 EHEEEBEREICHITSADLE VY

ADL Y>> 7%, BEREEEZNFICLI 0 e BEEEEEZNRICL
HDIZXHITE 3 [48]. — AN, BEIBEEZNRE LIS AT LI, U
RIGD 7 BERFANDHE L <, FEDPREETH 2 Z e OLNTWS., Aff X —
VIR E RS BEMRAR DY AT AX, MESRE OREE BT 5 2D D4
EBEZRY URZEHEIND ZeHEL, BERAEZ X7y b T3 eh%

. AT, OFENRBEEEMLEMEENE 32581, £ DICH#EFAAAA
é_t#ﬁiéméké,m%%%&t®@ﬁﬁﬁﬁ%&—#ybkﬁwéﬁg
DDH5.

RFID %° Wi-Fi @ CSI (Channel State Information) &%, Kv 77—+t > ¥ %F|
U7, SEEAEECHT 2BNTEE Y > v 7Y A7 AREHIRER SN TV S
[49, 50, 51, 52]. EREBICE 22 2N%, ZLar k7 7Y —ThHb, B
BRBERREDE YT 4 TRIERZERNE LN 05, HERZIT AN
LARTV. L2Lars, BMRESZUTIEETE 2FHRIIBITRI AT v
D NYORARNLEETH D, FEOEROZEIICE > THEEZZIIP TV
Zeht, —MREREICBT S ADL 72 ¥ OEHERITEIOREIRICIZE > TWiRw., 4
&'H“ﬁi[lf@ AAL (Ambient Assisted Living) Z B & U 72ATEERE S X 7 4 IR X
LTV 3 [53,54]1 08, BERANZNL—LREDT T4 NX— h ZR— 2 TOF| I35
LW, RGB A X T TERL, BREIXIRV—DXT7%2FHIT 2N, =vra
Ya—T 4 Y ERBEHATEIETTIANY —ICEE Lz, BEEFEERT D
RIR=AL VIV TIRT LABIRRINT NS [55,56] DD, H X TEHEL
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TVWAHIINT 2 EEEDKL 2 DR ERENHETH 2. Z oM, EEEE
B OITERSR T T, BEL oA F VU B 2R3 2058 [57, 58] %,
V27 77Nk e EEE VY RHAGDE A FE—RAREY VTR
TOM5E (22, 1] TR TWS. kAt HOMMAIEE, B ZiTF vy
FTELRWEREZMITLE D -0, EEEOM LG TE 25, Rl - XV
FF Y ZADOFHPa R NI THRELD 3.

BEEREEE OITERRRANT 72 FEORE L LT, HRETINR—XTITER
WELT O FIEL, BWMFEEETARN—ZADFE[59,60,6113H 2. ZhAbDTF—
K ERENRITRIC X 2 RS EEE, AIRICRIFCE 27— RICKELIKIET S 2k
i))%ﬂl’oﬂfiob CASAS Kyoto 77— Xt v FicRE XN 2, TOHREINAE
IEICIh> CADL 2T 3 HiETE Y UV & NT— &ty b, V¥4
«/FV«»@#%kﬁ%k?/r—/a/éhﬁT—&%yF%%pﬁﬂéﬂ
TWARZENELAETHS. Lho T, BEMIIBRFENE KA ARER L
NV DE VY ERERLT /) T— a Y ORETE Y > ¥ 7 IR EEETE DT
RS, 1TThOTwiwn. —4T, HEBENROFERETIE 62, 63] BIERIN
TW2HDOD, FTHIOWEYI R T I BB R AR ORI LS FETH 5.

2.4 FEEME O HICKZIEBBEIEREDADLEY VT

—fRic, EEME YT —Z W ADL Y U Y AT ARBELND
7= TlE, AABINP#HL N WSHEN DS, —HT, TOXIRIAT A
ZRIFALDD, BEEEEFRED ADLt VY v 72 EBT 3720 DRENL D
DIFIET 5. BRI, md Sy IVATHREETF AL LT, BREEERETH-
TS, FHAZXHIL LW, ITEEERZ Efi s 2 FEIMER STV S [64].
TR TCIE, BAZERAI LWz T T4 Ny —(REFICEN D% - HH
BRT—RERBELE LRV R, VLT 7 TNTNA REDGREERL V9
ZRHALZS EBFEHTEZZ XV Y b3H 5. ZDIED, GHER E DRIENDHEA

TRZEFRIX G D 2 BRI LT U RIBZ XY D AN Z XAl$ 5, 1781 - 178
FEAERRRR R HIE T FIEBIREINTWVWAB [65]. ZOFETE, RUHETI AR

Thttp://casas.wsu.edu/datasets/
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JOREENEH L TWS WS FEHRTITER# T LTE D, ZhZhoifEHR
T3 2RI RIERINE—DDIEYY — FeAKRL, HERETALADRHEYL L
TW3. —HT, ZOFEOHEL LT, ALHTRICEROREEENETL 5T
BEHIL TV AHAIIBVTIE, T8I - TSR #H L e iR s T v 3.
7B, TOHBEICBOTH, HX T4 7R ERBINT 32 CENGRIEE
W ET2AHEES R IN T WS, T, BEEFERETEY Y Y73
NV Fv—=IHT =&+t MW LT, RNN(Recurrent Neural Network) 55 % 455
ELTMRARIRET N TR=R T4 VDR 2 LS 2 S FE T 5 [66]. T D
T, BEEEEREZE ISV TTEE - (TR 1T o & EEEOH
—DI7NVEHEERT AREE L, COTEIN Y OfTE L FRFIITORTW2 D0 %
HAGDELMAGOE I NV EHRmT 2BEZHRL TS, ZO/ME, FU
HmETF L EAWE LT, HAEDLEINLEHEGRT 2 7K E R ADL %
MCTELZeDIBROENTWVWSE., L2rLRDEL, ZIoDFETIE, ToOEEH
WHEINHRICEEES AR L TERIN D&M, ET 240 T8% T
DIFEEL TITONIFMTOERB T -2 ZFENTED, FRICAEBIATVS
—EHRRETD Y AT LEA -« FHEIIEE > TV,

2.5 KARDAEDIF

112, BEFZE Y LTEIT=ADL Y v 7Y 27 LA ORHHIZOWTRT.
£, BEHEICBWNT, FEBIROWTIIEIHICERINTVEHDD, 5
DDBEME- T2V IV RAT ADOBRIIEE > TR, LE->T, K
7T, 2o 5SO0EGERMZTADLE Y S Y Y AT LADOMERY, EBD
—fRERED S DT — ZINEDERNZ HIgT. 612, HEERTEREIINT 51T
BESTFEL LT, REAEOTHoLERGEER L, WM EE 7 1 2HH
L7175 28T, BRARERE FClEESI N7 — X ZFIH U778 %
175, EBC, EROBREEIHIANAT O THOEFEEFH SN TE D [67], 1T
BOHLEBEFROYE L, MEEzRLIEeEZILN5.
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= 1: BEATSE & D LE.

Q) EZFEQ EZHG) EZFEG ZHEEG)

Kasteren [34] v v v A n/a
ARAS [35] v n/a v A n/a
Placelab [36] v v v A n/a
Domus [37] n/a n/a n/a n/a n/a
Sweet Home [38] n/a n/a n/a n/a n/a
CASAS SHiB [8] v v v A n/a
SPHERE [68] v n/a A A A
Our System v v v v v

v B R A BTN B 2 7T n/a: B Z7 S 700,
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3. —lRRETOFBICEL-ADLE> VIO XT LA

AETIE, &L, BE()~6) 2723 ADL 7 — X IES X7 A2
DWTHRR, RICZFORICE L TR 3. X512, BHELEREY S VI RT
LEAWT—REREE R Y Lz T — RINEFEER L Z D0 RICOWTIHER S,

31 >XATLEH

B (D), (2) 231X, Y, 77— 2V — NI 2 22 s i %
AL, BEICHENARERRETH 2 &5, MUK T 5. X512, BEH@3)
iz 3720, NVIRIGR K 7BEER R D4 FVIEHR, b L IRERERE
E, BELNAREDTITANY = BELEWT =X 2 INET VDAY
BHT 2. BfF @) 23720, BEPORELLEN (ZFY—N—RZT 4
¥7) TEET 2R Y 2RAT 5. B OG) i3 o, 787/ 7—> =
VHARZ LT, SUTABMLAEZ R U 2RATS. Uz ehs,
RO SERTCI AT LT 3.

1. N S (ZF I —N—RZAT 4 VD)

2. MW, R, RE, [E, BEEREIIS T 25EE 9
3R R T YY (F I —N—RRT 4 V)

4. 77 7= aYHAMLRRY (ZF T —N—RZT 4 V)

5. 7— &Y — (/MU PC)
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FIREED S LEBE FIAEENBEVWEE B FilhAROEE
VEYITRXyFUE) (Z Dt DERE) (€A )
I 2 RIE

oY >

BLE | EnOcean I
[ I

| I
EnOcean [

.
EnOcean |

EnOcean @ ((A)) —— BLE

:

L IIE_ . . PREHY I B

— B}

B 1: 2R A7 A EEK

3.2 DRAT LB

X112, EREIBUI IR AT LOBMEZRT. KO ZXT7 41, NE&Kt U,
BtV F7Ev¥, 77—y avRRY, F—REHY — TR
N5, DUNICEMRERICOWTEKRINCHARS.

321 ARt

NE&t i, MR oRE LN RNREZIT 28T, Sy TIAM%Z
BT 22 9 ThHD. Lizh->T, Ry MREO/NEIYNC X 285, B H
HR I X BIREEIC X > TEMEEN L 2 SRIEEMED D 2 2 L ICTHEEDRET
Hb. Aoy, REEXYTF A7) —THIEXH 572912, EnOcean #
FATHIS L 7= BRI FEE AR IVEY 2 — /)L TH % ROHM H D STM431J & Nkt
VY EY 2 —)LTH 3 Panasonic 1D EKMB1101112 ZfHAE X /=& > ¥ %l
EL7. 2Tk D, BIEHEDATEY S V7Y —N"AD T — X EEH A HE
THb. A4 RXE—MRUSB XEV LFAIFTHH, BETHERLEI N—%
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R TWB77D, 452 LIEFICRETH . T, NEt I OMEIHEHFHIIKF
O4FE EES2E, HHtSmTHH, HFEEFTOHETHNI I HEOKRETHE
DRERT % I N—H[EETH 5.

322 RWiEvE Y

REX VLT, WETEZ27—X0BZHTHD, NITEERBORL,
Omron 1D 2JCIE-BL 2§ 5. #RRS A7 4T, RV ¥»oiifE, BE,
Mg, KJE, BE2EE L, BLEICK > TH —AAEMET 2. BLE OE{ZHHHE
F10mTH D, —RBRFKETHIL, TROTMEICHKET ST, ENDE
U LEGARETDH B, kT, AMEXEVEABLTWS 20, —RimEkE
EICHHLATRETH 3. A RFE—v a vy H2o0BE L/ VUTHD, ERE
X16g b BETHZ. X—IMELTWBETF—&>— Nk 3y, BibHEMI,
YTV RN S I EDOSEE 6 ATH 5.

323 F7EVY

R7 OB ZEE T 272012, TFI—"—2T 4 ¥ 7 THET % ROEHM
HOWMK R 7B Y EY 2 — L TH S STM250] ZFIH T 5. K73,
LU REKE T2y FD2ODAA=Y LR ENS. ZOEVHIX, FT7L
R7HHCE) (P szt VI RIK <~ 7%y v &IEDT7D, BELZD T3
T R7OBAEREIIGT 2. 20%, &I RIKIGEUS U 72BHEAE R E ¥ —
NI L TEET 5.

32 7/ T—3 KRRy

BEZEDITENE Y ) T —a v T 5701, ROHM DML REZ > X7 — &%
B y¥TH2PTM210] ZHHT 2. Rt Hik, BHAREEY 2 -2
ATED, TFI—N—RXT 4 Y7 THETS. REUBPHIENEEO %
FIH U CEBMFERTORELITY, RX UM RINZ e 2 LE 27 v
N 24 U EnOcean 2 TIEET 5. KLV HiX, FHIET, 22001 v F %1k
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ZTW5E., B4 v FI2Z, IR KRTRI—ABIisTws. BEEFE,
FNEFNDRA v F M TITZ XD, THORREK T2 /)7 —>a v
TERZENARETH 5.

325 T—2Y—N

— &P —\Z13 Intel ££D NUC ZHIHT 5. ZDH— NITIEBLE@EEH F
>V, EnOceanBfSH F ¥ 7B EINTED, ZhZzRELV 7 —&
¥ BLE #i#%, NEt>¥, F7tr¥, 7/ 57— a3y KREK ¥ EnOcean fif%
TT—RDEZEET>TWS., F—n"DPRELT =X, V—NCEIET
BIRINT —RZRX—=ZATDH % InfluxDB NMENT 5. £z, X7 LEHAFTH-
THEe Y VI RTABERICEEL TW A 02 lERET 5272012, 7714
Y 7 bo 27 ®ngrok ZF|H L, Web ¥ —NEREM O F 2 7 I1I2HEBNBHE
LTW3., ZOB, =Y —NIZV¥ 727D LTEREUSB RV 7L TH S
PIX-MT100 2#t 55 Z & T, ENA NIy VT —=IRHTAHY F74 VR LT
W3,

3.3 othFE

AEITIE, IBBETZ2RV IV IIATANBELNS F—XITHT 2 RIE(HEFH
SEFEPHILIE TR OWTHR S, Z0%, fTERESER T LTV X 4 L iHETFE
WZDOWTHERS.

3.3.1 KIEfED#HT

t YT — ZIFEARRNHIMANCIEERTRET H 2 235, 17817 L7 — ZIZAD
NMET 2720, ANBIUT K2 T =X RBIRET 2. THZ7 L7 =&, 17
BIRRRIC BV TIEM T — XM 3 20, KEIFFR - 72 1B T — X DA Bk
T5. [ERT —XDR-> TV A EE, WURFPENTET, THRETE T VDR
BIME RN T 2720, REBHEOWHTIIERETH L. THI7 L7 — 213, EAMIC
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Bilh - T Dy P THEELTED, T—2KRIEBIX, FITLTFD 3 Ex =K
HIFTRETH 5.

(XA 7)) 1TEIRARE, BT X4 vy FOmMAZHLEh
(XA 72) BAAL v F M LEN

2471 DREBIX, T—EZDoHANE I ENELTERY. 207D, FE
FOHCHETHS7 Y7 —FTLPMETERY. X4 F20KREIX, T2
NNVT—=ZDAMI U TIFEST 2 221Xk b. FfkIC, X4 730KREZ, Bk
FANNT—=ZDAMN LU TIFET 22215, Lo T, ZhsDRIBICx
LTiE, HXD7 o — bDIZDLITHEMNZTFIEIC L 205217, i, &
RIE « FATENCH LT, UTD@EDITS -

AT 7)) 77— NIEDE, [THT—XEEBETS (X4 71312
K.

(AT v 7 2) WAL L72MT LT — X 5 YA TEI O S  TEIRF RS A 1S
BHIR Z NILT — X BT 5 (R4 7 2 1THID).

(AT v 7 3) WAL L7=BHGR T NV T — X 5 Y EATE O R EIRRICK T
TRV T—REERT B (XA T 3IXHID).

Xl 2a, 2b, 2ciZ, IEH, 7/ 7—>aryRERVOBBEAA v F R LN
5ia, BT AL v F2H L EN5E80MEN /RS, FITHRICBI 2188
AT LTI, BREIRHLTSEHERESZBDOT /) 7= a3 YREX Y LB
LW, LEdoT, BEEAEREICBWTX, B4 v A& 2 202 [#dE
LRI T A Y RX Y A2 [l S 2 5808 AET 5. 20 L5755, i
LTI OB ITEIDK TR & LT, RERIIICITBIORZISEE ST —
R T T7—2DOEMEE LTHRHALTWS
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B3sa BBt e s % ik Bt
/T /T 2T #HLTh T =WT

Uk fFar Uk J_L
31T J |_ #ﬁéjJEPI_ SE(THYR

®y

AR

®T Pushed Pushed ®T% T
IR “End” “End” LS #H/HT

(@ IELWT— &4 (b) XA 72 DRAEH (c) &4 73 DRAEHI

2: RiAfEDHHFER

332 FEERET7ILIOVX LA

FATHRTIX, FRYIT — 2120 U TITEIRS# 21T 5 72012, LSTM % H
TRITHRERE T LR L 7.

X 312, ARFFRTHHLEEEEETLVOMELZRT. E7LE, ANE,
2HEHE, Yuy 79 MNE, LSTME, HE» S SNTED, tensorflow
FAT5 YNy 7Ly N LTz Python HIREEE 74 77V TH 5 Keras IZ
FoTHELR Tz, "N 8—RFX—KZ, 2GR LSTMED =y b
Bx512, Fay 77U NED Ry 77w b R%E2 02, ANMEEETHZ LY 2V
Ny 7 K% 100, epoch B % 10, AJI Ny FH A4 X% 512 & Lz, EMHE(LEAEIC

DWTC, FEAEDIEHLEEE ReLU, LSTM J8DIEME(LEI%E tanh ¥ L7- L
T, WHEOEMELREE > 74 FEBE LTWS., Thbb, SITENCEEL

, ATHIL TV A2 L TRV EHINT 2 2 (EH#fEE T LVEITER D TH S S
ﬂ%)ﬁib’m\%. ZAUTK D, BEEEEOREIIBT 2= LF I NILEEE 2
EDHEMEANE L TV 5.

7B, NEL/ ADL 7— R IAEGE T — 2 TH 5. NEEHEAOXALIZIZ, =
A MY T 4 TR K 588 SMOTE[69] 75 £ DFEIC & 57— XHLIR,
ETADOHNINIMERD L FWEZZ Z TV L Threshold-moving Z FIH L 7z
FEREDPFET 5. AFETE, AEET XL Tarx by 74 77
HEEFET 2. BRI, aX by e T TREEOEAL LT, UFD
K2 TERINDZEAZFHTS. 22T, zhPhw 07 I ADEA,
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N T7—=28, C,: 787728, F . &3 7 ADL 5 5.

BB, TEWET —XNOMNREZITORVWEGES, (THEMEETNIEY VY TAr%
BOr 7 AERNCT 2 X5 IcHEmmE EMT 5. LA LARHMRS, R THAHT
LAEET — 210 LTI, Tscikit-learn] FRIIUHE LR EE 74 75V F
TRNCFIAZNZEA?TH 2 w; TlX, DB 7 2AREMRL TE2#mEHE
Mi$ % [70]. L7zdioT, AR TE, MRk 72XV 24 M 2BRT 5720
FIEZMAEATHEIW, 277 AV x4 b LTHHT .

- 1

Wi C, % F (D
14+w;

W= 2: (2)

1= 512
TEMEAL BEE: RelU

Fay 77 k= Koy 777 F:05
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TURNTAVANETIVICANT S, X574 LA ME, Python %y 7 —
DTH 3 scikit-learn> TEE XN TWEEFALEZHMHATS. 22T, EFLDNA
R=RFZRX=&F, 7y R —FEIZED, IDOI D ADL 7 — X% AN L7145

3https://scikit-learn.org/stable/

51



AICRESINZEEZHHATS. K9I1Z, 7V y FH—FIRIC I DERERL-HH L,
DUE L72EERT. BB, BRI NA 887 X — X OHFHIIREBRINCERE L
TED, RIEEHL TORWOANAAL R=0F X —&X, scikit-learn DT 7 # L ME
ZHHT 5.

1=y 128
a1 EIEL: RelU

Fow 777 K205

1=y 128
TEMECBIE: RelU

yEMECEIZL: Sigmoid

20: DNN & F LR R

RO GURLTALAFDANALIN—RTF X —&

RIRA—=R FiAA PREREIP  PUEME
max_depth ROBKRIFEX 1,3,5 5
min_samples_leaf ¥/ — FIJBT 2V IAEOFR/NME  2,4,6,8, 10 6
min_samples_split Hfil/ — RIZJET 29 IV BOR/NME  2,3,4,5 5

4.5.4 FHEFE

T — &, NUF—>avF—& FRF—XOMBREE LFR— K
7% MEIZ X 5 EFLOFHITIE, FRETOF—XORD BEET 358, €
FA DTSR L\, AREBRTIE, IR W S @EE D o B AR

52



TT—ZNEZToTWEZ D, HDEIHDOT AT —XD3H, ZOMd
HOF— 20U THBHEERZ W, 22T, K2LIRTEII1Z, F—X
DIFRIIMEZ R L7 E EREMEEZ1TS. I U ®IC, AFF30 HRElD ADL 7 —
X 3HTOWHEIL, 20550 8FZiMT—%, 1El2MEET —%, 185%
TANTF =X LET, FlakhoififsilzEH 3 3.

ZD%, MAE7T — X ONMEZBEELZEET AT —XDOMEEZT S LTWL.
ZORE, MEET —XDMEDFRRICT ST 2, GaF90# D OMFEEET L2
MR T 2B D 5. L7 > T, WiE7 — X ERERFIICR%ZD 3 H D 7 —
2 LTHEELTWS. fRe LT, ZhPNEH L FHiifso g2 EH L,
EEER ETFLOMREL § 5.

1@;5 g | | ooe | }Uﬁﬁ@%fﬁ
S e [T R T +er [ > 20w
Iy
&t

o

S or| I |

[ oo RN ) 55 oo
10 8 [ AR | | oo ESHEERN > 105 5 O

* Y v
F—Rty b2 ETILDEE

: I
|

®21: 70 As) P 2 Y Fik

4.6 7T—RINERR

RE LIV AT DL BT — RZIPERMBIZONWTIARN S, KEBRTHHT 2>
AT LT, 7/ 7=>aryEhEDONENRI RIS 27D, 7/ 7—
avIA—RRNvIHT7 IV = avEHATWS. 74 —KNwv 777
r—a YOMREEDD B0, HiE THAR—RRETOERFICH SN
7ATE 7 77— a>d IR BbN B UERNRITEEICN LT, AFEBETR
SNTAUERATEICE LT 5. kB, Z ZCTHANETEI X, FI3FEICTE
F LI RIBERMEONRE B BAP T ET ) 7—>a v I A HITE 21787
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LR EWT . BRIICIE, AR - R - BETENX 4 RFEDL L, BEARTTENE
1 8L B3 L TIThN T W AR, 7/ 77— a ¥y I XAOAREErEW
B, AAUEITEIE LTART. AHUE, ks 2RFEMENGESKET 22 8
5, NAEITEIONRL SR LTV 5.

M 2212, AEBRZELTEFKEZ L IR oM, HNUETEIORERT. B
BIC TR EBROMRTHAX 10 LT, 7/ 7—>YaryIxReEbh
2 AUBEITENDS IR LT 2 Z & A Al 5. FEFRICIIERM S BEERO
KNEBH2BDD, EEHH—H B2 ONIEFTHEII 2 TORE L 1781 % F
HLTSEREFD L. UEoZedhs, 74 =KX 277V r—2avd
ALK D 7 77— a v I RTERT 24 0UEITEI 7 Lo RAEZIHITE %
ZepmgEn. ¥, KED, AUETENCR D LT WTENIRETH S Z
EHmARNS. SEOR Y v INRITENI AR - K - B - S - BEIRT
H5H, K- BEOTENI RN —HIC3MFERET 5. X512, REETENX
FyFUTITONL D RTHD, BETEHIIZA =7 LYY
ITIbNE e RTH 5. FvF U TRERMNIIHFTEI L 2REL
BRODIIMLT, A=V Y TRE RGOOS5 2%, B
FTHLANDRET L2220, ThbD, BETEHOG - K TIXZoftio
TEh L LT, WY - 22N RTID 3D nwenwzr 5. 2D X5 KXY)h
D7 MDITENC S — 2L RIBAT LR T WEETHORHEDS, AU TH)
DEWRNTWR EZ NS, SEONFTHLINCS, 7L EHEETE X
< — b 7 & YHATEE O RER R 2 ATEIRR, RERE DOIRFZEEAY R XY D A3
D ITENE Y /77— a VI RDAREMDRE T2 e EZ 6N 3.
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Number of Missing Value
L5 ]

6 Activity
mmm Cooking
mmm Esting
3
4
2 I
| .I
0

1001 1002 D03 D04 1005
Home 1D

X 22: BRESITENC BT 2 M EITEIEL

4.7 T—2HAIE

AOHTIE, EITEBRTHH LM FELD b EWITERGRIEE 2152729
12, BOoDOHEMERZERLTVS. 1ZUHIZ, [TEIMTHA 2 HR &
RITHOZLDEHBEZERB L, | FEOE I RIGDAERZ, ThZh—D0DHK
MAREW L7z, BIRE V3> 7 Y 7R3 SR TH %720, FifEi#sd
WZED 1 o OREBRICH L THiZEZIToTWwW5b. £, F7ReUHE, o9
RO T L BN S XS WCEELBEIC 1 D7 5 7% EEL, BTy
O XOWEELGBIC0D 7 7 7 %KET 5. 22T, F7HBHALLNS
BEDOD T 7 72BN AEET VICERICYEIE DI, R 730k
BHHIED 7 5 7o 62 L LB, #ille 7 7 7ML, FE D0 DR
BrLTHALTWS. Zzoftl, FEF 72 HIRLT, BREDE VI RIED S
DR ER R ZREE S LTAEKL TV 5.

T/, NEEVHICHET2BMFBEY LT, AHERRT 2-D0RMES
AT 5. AL VDAL LB IS S R T L EFHT 258, BEEE
FREIBWT, W iDOEFEOH L ZFEM T 20 3REETH 5. BHEREFEE
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MR FTHG5EGRRY, —HAOBEEPIHHLTOTY, b5 —HOBEEHFI
Fo T NEE VY RIEHREET 270 TH 2. Lizho>T, REBANICBWVT,
FIRHCRIG L2 N 3 O ffB S 02 To NRte o kibE iz, a2
NHT R E Y LTEECHAT 3. kB, NEE Y 2 o E, 3
RERTETO I Z7RBICINZ T, 2 Y Y RIORELANOLARHER R S 202
DR LTERL TV,

NEE ¥, BRIl 2R & e LT, UMD 1.5 5 F TOHiH
I U7 — R BB TFRIEIC X 298 UE 7 5 7 DA, 10%5 5 90%
T, 10%%NAD =LY RANINTE 77 TDOEREITS.

R e LT, fTERTIEIREZ 0202586390 %T, vy 7y
L CHREE E LTy, EBCERME, 1| HECERNRBEFRTIERL, B
IR CEsi R 2 B 21D, Lzdio T, MEE | HEBICIERICZER: L, #iH
DI TR D H O BIARFZNCEHNCER T2 Z L 2 E BT E 3 X 5 A
BERAER L. £, FEBRA OO, BiH4K25 TREZTOXMER, 6
Ko ORFETORM~RE %R, ZhPNEHY Z 7, ¥i7 77k e L THRRBKX
nEE=VIL, FEEz LTEML TV 5.

FHEDENZ, Zho 2 TOREEIIN L TEELUH 21T o T\ 5.

4.8 1TENERSEER

AREITIE, BERN—ZF 1 Ve RBEFEZ KRS 20, IREFHEITTHH
T520DETNEMAERL EOHELMHEID I EE MLz, £ 1012,
4.2 BINZTIbRTz, RERA OFEE FE, MARMOYEFIE, BEEEE DT
HER2ZR L FEFECBT S5, SRECHT 2 AR, B, BF, s,
MEAR, haRTTENRER & R 7 2 i L 7o kR 2 I L EHAN Z FlEZ RS, &b,
FRCREN M FEE T L LT, F—EFET/NLICDNN, FE_ETICIT VX
L7 VAMEFHLTWS. 22T, FEITIZFEEOITHEREREXIX, 30
SREERELTWS. £z, IDUM4 OKEE, T—XZNELTWdDD, HE
RIETHoTTe®d, TR LTHRALTWS. 2k LT, A - - B
IRTTEIOFRRBE D E &, R, BFHOEMBEMEWERL RS, £2To
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KiE, FTENCBT 2 FEAR & FEIEX, MABRMOYEEFIELD D, 59EE
B, I T66.7%TH->7-. CASAS[8] D> AT L% FH L CIEX 7= ADL
F—RICXBEREHBLTDH, BVRBERTH - .

T, REZ L OFRHBBEZILE S 2. ID01 ORETIE, HETHHPZD
RIEODFHL TV Z e b, /4R35ty IDORICHHEHZ VWL E X
LN, BEET ) 7= a v EITbRVWI 2ICMAT, EBREFEEMTD X
5 AN RATENI D T DiThRWV. 2O—HT, EBRIIIABDPTEIZ1T-> T
BY, VIV IINROBEENZDITEZIToTWEDLD X2 VY KIG%E
REz s, TEREERET SR L QRIEFEIE N 4 X b, Lo

EEHRE T 2 AR, (KEGREY - P REEEEL,
ibﬁﬂﬁﬁ%%mﬁ?é T, BV YT LTV AINRORENDETD 5.
ID03 DRFETIE, FEED, HFERETABES, BHADT7 4y b2 R F7TD
BEEFAL TV 205, ABITEHOY Y IA0Pi L, BB E RN
FEZbN5. AEBTHRE LTWATEN, —MNAKETIXEZHEHITDNS
CHRESINZITETHZ. 2070, ICHT I - RITL > TiE, NRITED
5 NIBITENEN L0 ZETH S, ZOBIC, BB TEY Y Y7 LIWTE)
DIERPL, EEITORVITEIZRIDIAIRER S AT 03 KD 5N 5. ID02 D
JETIE, ZhoORFERTERIZDR L, HENERNREEZE s Tkl
M, RBENEL otz EZ NS, B, IDOSDERED A, MORE X

D HEED NILL, REBBEOEENIDETH->/722 05, K7LV T—&D
RIEDBFEL TV, Lizd-oT, AMNBBERNERE DRV 0D, o3
T—XDOREPETORBERTCHEFSG Lz EZON5.
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£ 10: WAATERRRD 7 a AN 7= a ViR

RIEBNLDFE (PN & THIEEZ SR L 778

WEE EBE FME HEAE HEE FME EEX HEEE FHE

IDOI 0712 0521 0571 0681 0575 0.602 0.681 0.657 0.657
D02 0772 0587 0.636 0723 0.627 0652 0.746 0708 0.713

IDO3  0.677 0.478 0525 0.666 0.541 0569 0.668 0.626 0.631
IDO5S 0.696 0.535 0.573 0.699 0.619 0.642 0.707 0.662 0.667

FE 0783 0528 0576 0.692  0.590 0.616 0.701  0.664  0.667

FARUAERIE, FB—ETVICDNN, FETUCT VX LT+ LR 2R
HLEBEORRTH -7z, R 111C, BEFERCBOWTHE T VOB EE 7
NTYVZLE, BELETILDTZNIY AL EBLXBGEOMRERT. 28,
zhreha Y 27 4w ZEllE (Logistic Regression) , 7YX 47 4+ L A+, DNN
DHAEDLEICE > T, EREFHOEAMNEFEEZBEHL TV, /2, vY
AT 4y 70l Z Y RLT F LA DDA IR—=0%F X — Rid scikit-learn DT 7 #
NIRRT RX=ZEFALTED, DNNDANAL S=r8F X —=KRF20I1ITRLTZ2HD
YAETH B, FROENS, F—FEFTILELTDNN, F_ETLELTT
XNT 4 LA NEREAT 232 =00, FIEEIRD ROELHANNS. K
W, BLETNALE LTI VR A7+ LA N ERHAT 2GEREKRE U THEENE
ELTEWI N5, ZOHBAL LT, SHEEETVICANT 28EFE
DWMEDITHRINT —21EE oI T =X EIDb> IV THY, LI T—&H
LR ZEHE T 2DICHBERIZIEEMRETNRREZLEE LEWIENEZD
5. FiZ, DNN MR 7 — 2 0Kz il 2 DICEHTH 208, HERH
BHETIRNR R 207 — XD FE N TROVIRTIR@EEE D FE LT L,
HLTWRWEEZOLNS.
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RI1L B ETNVEE ETNEHARATEROERETIIEAN & FH

2nd model o .
Logistic Regression Random Forest DNN
1st model

Logistic Regression 0.614 0.647 0.595

Random Forest 0.651 0.658 0.605

DNN 0.644 0.667 0.632
49 EE

AYTFYRATV =00, REOEAHEZEET D, o> T4 7R T7T—2%IL
BLRW, SUTNRBRIRATLAPOINESINLT =2 LT, TR EETH
BEFEE D ADL B RETH 5 Z e 2RIz, (ERDA~Y— bR — L F v
N DIRRE, EBRO—REREIC AT LE2HEL CEEEIN T — X 2RI L
DAL, BARARBRE N TOMN ORI T731cH 5. SHEFEML /FHET
X, EBRO—RRENOFBELEE L, ERSNARZSLERIC, V540 0E
FE DGR T v I REBMEIE, Lo ViRE, VI TAMEToTED, &
B2y N7y THRETH B, T, L UIRER, EVTOREERYICK
3 N7 INE—Y otz LedioT, —BERBICE N X2 2 2 RUHEICHE
WY AT LT, BRAMEREVWEEZS.

IATICEALC, AL CIERICIHFATERSG RS R 7 2 i 270Dt > v
TIATLABIUTHE# 70— 28R L TW5. L L) s, BHEMIIER
HRER DY YDA L TEEEZNENOITEER L X8 2 BB
H5. ZODHIZE, REXREMHOIFEME FOADT—2006, AZED
LU RIEE TSR F v LYYV IRFEE RS 20BN D L. DPRE
BIRART 272012, ()EBEMATE Y RIGERYIZ Z e, )k H itk
FIPpoRR =<y F U IRFEMMLTT—220lT 528, 3)IFRERDS
SN FIRE R L > & Y FFERBERT L2 REPRETH 5. FZ, (1)
BEUOQWEHE2TEIITHRLEHIZ, HITHEDPICS ODFETSHDD, +
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DBRBERPHENRL— X7 — A TOBEEZIZE > TWRY. )IZD2WVWTDH, E
WHRY =7 7 70 3 OEBITEPMREERTADBD, MAENEZITS 72
DIZIX, I XTRERREDMNHT Wty > T 4 TEREDLEE T 556
MEZ2W, LOLENS, FIZIZHIRXA TRV 27 T 703 T, Rt
PIEH UBRTEER Ry 77—k U3 2 ORI IRHEE 7 & 2 — IR ERERIC
BOWTKa A b TEETEE, BEFIHEBEIR L RAZETICL @A
DHRETH D, Lo T, FERNZEEL LT, #EI AT A ZREE %
Ky 75—t 3 eflAild, BEBRCESRIC K DEIG L AV OmZER
72 EDHBINC 2T 4 T TRIRWVIERD HME NG 21TV, SEAEE IS
LITERRRZIZEN T 5 Z ek 2 HIET.

4.10 EHEFBREICH T IEERITE DLEE

AREITIE, BEFRICTRIN TV RITEREGEE 2, SEE W EEE
FEE T 2 1TEEGRE R 2 i T 5. ERBEEEREOITHIREE D 72 12 F]
MEh2z7—%ty & LTARAS 77— Xty MREHEEFERIRNY F~—
2 I CASAS 7 — &+t »  (CASAS 4 dataset, CASAS Summer 2009) 73Z1F 541
5. BREERER Y VY7 — 2T X 2 EBEEFEITERSEICEE 3 5 BEETIE D % <
[66, 65, 751 1%, ThoDTF—Xty bZAMALTVWS. HlXIX, SARRIMA &
WS Y — FR— 2 DITEESE T [65] TiX, ARAS 7—X -+t v MIHLT,
A ZHEDRLE RO I 2L —varyF— R EHAALZ LT,
61.5%7%> 5 76.2% DFEEETENGHAZ H 5 WEUEFEH OITHIRESHD T & 5 Lk
HNTWD. KB, ARAS T—& -ty MIX LT, CRF(Conditional Random Field)
%> HMM(Hidden Markov Model), RNN(Recurrent Neural Network) &tk % 72 7 L 2
JZXLTRYFv—7REEREH LTV B [66] TlE, 60%5 5 78%DFEE
TENGAZ HE S ITEERGER DT FIRE T H % b bR ST WS, LA LA SH, Zh
DT —REy bDHHARAS T— Xty MME, K6 THitdf L@, N&t
YHRBEL VY RETTRL, TUEREICHWELE T 2RO Y, &
Y7 7 NOENE Y ORE, it Y, gt Y, Rl YRy,
RN RAITENA DO W Y ZEYI R EICRE ST 20BN D 5720, HEIZ
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DB RFRERY - FEM 2 A S REVEREDH B, X5, ARASEIZULDE L7
Tty M, 2HUATOREEI /LN T -2 TH2ZeHhREL, 5§
DEDF=2ZHWTETVEHMATE %2 dDIFARWV. £/, LiloEEEME
HIENT D CASAS 4 7 — X+t v 5 Summer 2009 7 — X+t v F TlE, REIAS
BRNEE I ZERAHLTOE 300, ZhAZROHET IRk 15 [ERE
DNEL > ZHEERICEBELCBD, REIX FBETH 3.
PLEWZOWT, FICERE - VIO BREFERETDOR Y > v 7RISR
Y LT =&ty bORHEERIR L. £1212, NSRS h S T —& 2y
MEEB L U2 OITEREESREE O Y Fv— IR, AHETHHLz7—&
v MEEDLERERT. 7238, CASAS4 7 —ZX+t v b B XN CASAS Summer
F—Xty MX, FBEOHEEHRIL—TORBEL R Ty rEhik
TR EINT WS, LD, RIFROME L > VI X7 413,
DY AT L ED BHAMNCHRE L TWB G5 DL, REH»2H
HERDRNZ b, REHBRICBWT, EBIZTF R PRy FTIER L%
FKENEAL CGEHLTVWA Y AT LIIFELTVRY. X5, XVFv—7
E LTHEB STV B ENGEA Z 5 1TERSHAE I, £I256%05 83.7% DM
WKINE > TW3., 2D ens, REFIRITKXDE LN 66.7%DITENRRIEE
X, BREMZEE IR L T EEODHIBETHLEEZ NS, ¥z, K%
TIEHRTERHTIEDH 2 DD, IR T —XIEFIECLI VBN T —
RIS WIATHREROME Y L TR RV WA 5. YRR S, EERICIER
VAT LEBHFRETHRRASFD X7 AADISHT 2 121E, 100%1781 %78
WMTERZEDEF LV, SROFEL LT, AR 7O TRLEHEMB O TR
REEEDRB AT LOWENPLETH 5.
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=D
5. 4550

AETIE, R LT2EEMLZS AT LADFMEERICHT 2 LD LiER
AT LDFFEIZONWTHR, RFRISFEROEBLEIZOWTIANS.

51 BROFL®

ADL ZEfik L 7 —&{b3 2 Z i, EMmERENY —EXLHEE DR D
VAT A, SEEETFINCEHTE229EHTH 3. FICBRIETIEX, P15
LR = FORENHEMEL RoTED, BENEZDOININ L THEAM
DAEDGANLIETDH 2720, EREDOXEPEETHS. Lizh->T, ITH
iz k- TADL Z HEITiZ#k - 7ML, 2 oY —ELANFEHTE 2 >V
T AT L ATERESEREMN IR D 5T 0 5.

AT, RERRICET 2 FEE OEEFMILMHPe, [THEFEZHNE L
72 ADL 7 — X ZINET 2 /=D B, ADLt Y Y AT LARIBRLT.
BFDOADL Y > Y 7Y A7 LI21, @ffitdhd e GRELD), I DEZ 2
BRIEAOHEICHHE LW & GRE2), T AT —(REOH R OREND S Z
E FRE3), EHINBRA Y TF U ADRRETH D L (RE4), ADLT—XD7
7= a Y iEPEMTH S 2 GRES) O SERENTFET 5. o DifE
WHLT, BRI RAT LTI, REMESCRRZEIRIEREE LR, 2
RBRBEREN Y EAHAL, SUTABRMLREZYE2Y ) 7—Ya Y HAANA
YR I7z—RAE LTADLE Y YT %2{T5. BRI AT LI, 2 AMPHKEL
RTIHFEOENMEEZER LI LT, 74N —(REICHE LTz, ADLT—ZD
INEDFIRETH B. MZA T, A4 VR T7 2 =R L TETHEIRDERIE D LB
, HLALXYDAZHNHT 370, EIEICE>THHRHLRP TV AT LT
HBLWVWRDE. BEATLEFALT, Git2sy ABOEMRBNCE 24157 —
RINEERETo72. ZOFER, LSTM ZHWT 2% D EHRCITHIRGRN T &
52Dy hol.

5T, BREFEEZEZRT SBROTEHR#TFELE LT, BEFEOITHRE
BErZR LU PR FEERE U . — RN EREEEREICB T 5 BEFEDIT
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BNE, SMEADHAL L TIT O ITENIZ Tl <, BWISHHR - EH 8 Lz 517517
MOEHETIEZONS. Ld->T, BEEEFEOTHSRCBVTE, &
TN Z CWATERERE T V2B L, 1TERGRZIT O 720 TR, EEEHEOR
m@ﬁﬁ@ﬁ%%ﬁ?% e, FEMECHES T eEZLNE. Moz e

IR RBFTHERRO 7 L) XA LT, &EEHEZ LIy LT
@%%ﬁ?%DNN%TthKT,Emwufwﬁ@@ﬁ%%ﬁﬁéiyﬁA
ZAVAMETAZEAL, 2EHOETAZHVIE# 70 —2RE L. &
‘i, Am, R, 8%, S, BERfTENCEL T, 1, AMoAE T — &
I LT, BRECBT 2 EFEAEE T 2TEHREGRMEE D925, 66 Nz
Z2FETHRMTER e 0oz, ZHUTEKD, RADIRRERTRZEMTR VT
FURTZY =D, COREIZHRRBEARER LY S VIV RF AL ST, BfE
HOD ADL 25T E 5 Z e R E .

MDY YTV RT LB XCEEEFEE I THRRERFEORRICL -
T, 16K, TR MRy FRRKZES - M 22 TO A RERES LTV
TERSEE, —MRREICBWTH L OFBRICEMETE 2> 27 2 DIRENA]
RETH 3.

52 REXATLOERE

RS 27 MFVL O EOEET 2. UTIE, RT3 20/ v R
T A CATHEEMTFIEICBL T, MESNI2HE L Z DMRIRTIEREBXRS.

5.2.1 1TEEREREDR L

FRRRDYEE UWAETERITEIOREKG e LT, BETERE T OIS, —RINICES
TEPTONEGRTHEEA =0, VeV 7IE, KiEOHWDGE LTHH
ENBGEDRDHDE DD, EVYRIGDAPLBHLTWEILEIEZHEET S
IR TH L. LehoT, BEOHESCLARZHOLTAREL - 2 v
F DHFRITHRRGRE T LD N—Y F 74 AR I X D, [EENEL, (LK
REEFORHICHEL 5 2IREER, £G4 70200k L 7R HHD 5 38
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WEEERM LXE2FEPNERHTHLEEZS. FHC, Zhoorr Y E2REAEE
DHEIRL, METEATES IS5 E&ET240Y, —BREREIBLTEWZAEN
ZRHEDDIRAT LBREBAT DD TRIVEETH 5.

T/, BEEEERECBWT, BERICRE XN NEL >3 0 MG E A H
MICHREST 2 2 IZNE#ETH 2 Z e RIS T WS [48]. FEHE it > 5 D AT
Nl 2 2T 2 U, BEIBEFEERETHITEE — (TSR T %,
IO EREBT 28605, —FEe LT, NEEerHE2RIGIEEAADH
BNCiE, Y RICDIERRRRTIN) 6, \VOBEKE FHT2 Z L8 TH
BrEZLNSE. NALF VLY E OB TR TEERR TR D EE X
T3 [57, 771 DD, EHEEEERES, B DZEML S5 % —BREEND
JCHIZIEE > TRy, ThEFEHT 270120, Ikt rolEllt s vE
D HATEIE O SRR 2 IR T 2 FE 2 AR L, NX 4 VENEm7Z 7
2y b= EEFALT, MO OEVWRE VYREMEDENEEE L
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