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Automatic Activity Report Generation System
using BLE Beacon®

Tatsuya Morita

Abstract

As the world’s population of senior citizens continues to grow, the burdens
on the professionals who care for them (carers) are also increasing. In nursing
homes, carers often write daily reports to improve the resident’s quality of life.
However, since each carer needs to simultaneously care for multiple residents, they
have difficulty thoroughly recording the activities of residents. In this thesis, we
address this problem by proposing an automatic daily report generation system
that monitors the activities of nursing home residents. The requirements for the
system in nursing homes are: it is possible to identify multiple residents(Req
1), it requires no complicated operation and the burden of wearing is light(Req
2), it does not violate resident’s privacy (Req 3), it can be introduced at low
cost(Req 4), and it can respond to new residents immediately(Req 5). In order to
sastisfy these five requirements, we propose Bluetooth Low Energy (BLE) beacon
based activity recognition system. The proposed system estimates the multiple
locations (areas) at which residents are situated with a BLE beacon through a
variety of methods for analyzing the RSSI values of BLE signals and recognizing
the activity of each resident from the estimated area information. In addition,
in the BLE beacon, we implemented a classifier which recognizes the following

action: “sit,” “stand,” and “walk.” That is, our BLE beacon can recognize what

*Master’s Thesis, Graduate School of Information Science, Nara Institute of Science and
Technology, NAIST-IS-MT1651114, March 15, 2018.
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kind of actions the resident perform. The recognized information is stored in a
database with timestamps. Then, the server automatically generates daily reports
based on them. The requirements are satisfied as follows: The BLE beacon can
identify residents by ID (Req 1), it is compact and lightweight and does not
require operation (Req 2), only radio waves are used (Req 3), only low price
devices are used compared with smartphones (Req 4), and it is robust against
individual difference (Req 5).

To show the effectiveness of the proposed system, we conducted an experi-
ment for five days with four participants in cooperation with an actual nursing
home. We evaluated the proposed system’s effectiveness through 1) comparison
of machine-learning algorithms, 2) comparison of smoothing methods, 3) compar-
ison of time-windows, and 4) evaluation of generated daily reports. Evaluation
experiments relvealed the most effective combination pattern among 156 patterns

to accurately generate daily reports at F-measure of 80 %.

Keywords:

activity recognition, indoor localization, BLE Beacon, machine learning, nursing

home
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%%%@ﬂ%%%’ TEIRDOMERHE 7 7 —Y 2 QB2 ORI H 5.
B 32 ZEREDREINEDHTF L HET T —V 2D %R, KD X S IZEIC
£oT i%%@hkﬁ?féb& TR S RWEE®, ML REDTY 7 TIEAE
75 —=a%TE50ENRDHL. ULizDo>T, ZEMOZRELGIZ X > TidEEE
PZERKEDAENFEET S, BLE O RSSTIKGHEPREY D ELZI1T P T\
M, ERRD &S BEREGFOGMIC LD I SICARZEL RS, I T, 2D

BB CEDLROBRT 25T RARE LD, TOTRIZDVWTIX3S
HiCaiHd 5.

3.3 MBFS7—%7/JF~

BLE ¥ —a Yz W BAMEHE T, £<OGAREMIcY—aY2KE
IZREL, -V DDA — brn%}@hﬁ%ﬁm?%u3m3ﬂ IOk
5 72 F % FBMS(Fixed-Beacon and Movable-Scanner) £ E3% 3 5. Z DTk
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"'" . ; w . DB

BLEE —a> E—ar 2EH# 5
= )
i g Web
Jotvy o [ : ;_:;il i
[ Minor_} -
= 1
oo BETELR ZH Tk -1
A HETYTID N TTEIHETE —"
RsSI B Tntz RO

o)

4 VAT LOWEKROT—& 70—

B MR R E A — b TN A2 RO MR DA% 5% S RIS 2 HER% TIEE
ADPBBIED, RIFZED & 512 @wE N EICFHT 2% CTIHEA IR N pRE
B YOETHY TR, 2, POV R KRBICHKBE TSI CEIR
EDHE A NAMEL o> TV 5.

Z ZCARMHE T, BREMCZEHEZREL, AEEVPEY -2V 2AkT 5
MBFS 7 —F%727F ¥ ZHW\5A. MBFS 7 —F 727 F ¥ ZHW7Z#%EH N D
MEREINTWS [38,39]. MMzt D & 5 72 @EkaE H R 5 iz Tl MBFS
T=F%T7F v 2NV ATLAWEYTH S.

3.4 VRATFT LK

AREITI, BEVATLAOFRFIOVWTHERS, K41V AT LORER KR T —
RIO—%,39. VAT LI, 1)BLEY—2Y, 2)¥—a3V%ZEH, 3)¥—
N, ) Web 7TV —=varo4o50arvKR—3> FTHEBEINS. BT,
ZAVKR—F Y MIOWTDHMERRS,
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9ghtz>t —1 BLE nano Y

INYTY

5 BAF L7 BLE ¥ — 2 Y O %

(1) BLE¥Y —av

BLE B —a Vi3kX R Y X =P 5 RFRINT WA D, KK TIZSERDIN
b RMEZ, 9ffiz ¥ (SEILEE + 3y v M 1+ 3ffia X)), <A
sazuaveyd, Ny 7T —%2NELUZMEDOBLE Y —a v 2% U7z, B
FUZBLEY—a Y 2M50RT. 72, SHBOBHIZOVWTIZ6FE TR
3 5. 9l > HIZiE, InvenSense MPU-91502% i\ 7. 9 fifitz > 4 & Inter
Integrated Circuit(I?C)3 & ®H L T, ¥ 7V V F R 100[Hz] TT— X %
EoTWb, ¥—arvEYVa—)LIZiE, v 270 7aty H#E#H D Readbear
BLE nano?Z W7z, iz ¥ Sk o THREZT 2217070ty
YCUEL, Eiff2Ed 5. BLEEY—a 2R LT UUID, Major ID,
Minor ID, RSSI, BIfEHEERER 2 HEEG LIS 3Ty b /RPORIFETT RN X A
X9 5.

2IvanSenseMPU-9150:https : //www. invensense.com/products/motion-tracking/

9-axis/mpu-9150/
312CBusSpecification:http: //www.i2c-bus.org/specification/
4Readbear BLE nano:http://redbearlab.com/blenano/
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(2) ¥—a 3258
Raspberry Pi% 77 v b 74 —L & UA~Y— b TN A7 ¥ & LR U ZAiffi 7
ZAEWE AR U7z, Z{EFD BLE O 5L I3HI-100~-50dBm FETH 5.
ZAGHETZAZ U IERIZ R A LA R T ZGHED ID 2L, Y —3AIF
WEEEFET 5.

(3) =
=T, B3V ZEEISEOSNTESZIERE D L IZ python DAY

ThMI&oT, TEHEE 7O AVETING. [THHEE T2 AIZDWT
E35HITIRARL. 72 Web 7 TV T —>a v I —NTEITINS.

(4) Web 7 7V r—>ay
Web 7 U — 3 U CIEY —ANTCUBINET—RDRTEITD. &R

BlZPCXX 7Ly "CHE, VN7 MNTAHEZEMARETHS. HH
FEEIZOWTIE 5 EIZRT.

3.5 ITEMHEOER

REVAT LTI, WETY THEHRE2D LITHE2HET S, HAET) 7
MBFS 7 —F 75 27 F v IZHDO W TFHEIZ & > THEE T 5 79%, BLE ORMEXRZ(EH
DFHEIZFROHFIDHEE H Y, HHIZ RSSI R % g d % 7213 TIEKEE 13K
W[7.8]. £ZT, INOLOREEFEUMETY) THERKEZA LIE5720,
AFRIZRT 320 ot A CHEERTTD.

3.5.1 T—4%tvy MERKRUVT—4 OREIUIE

REV AT LTIE, BLE € —2 > ® RSSI Z2REE & U 72 B0 8102 & 0 e
TV T72HEETSH. EBLEE—a VX 1 BEICHEEANAY Ty hE2T RANXA
XG50, BROREIZLD RSSIBALZETHS. £IT, &ZEHRVIZET
55— VDRSSI % 1 T L ICHMSEEML, ZOFEE{LL 72 RSST 24T
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izl TU71 | TU72 | TUT3 B TU71
-88
-82 -93
00000 | -85 | — | -98 00000 | -85
-86 -95

-80
-78 -73
0:00:01 =71 — 0:00:01 -80
-81
-80

6 7 — X DRI

D7 TDORSSIE L7z, K6 DEMDERDE N FTRINEHRI LU 7Z
RSSITH 5. 35 L 7= RSSIDM %25 L7z CTRAT 6 Z & TEHE LT
W5, F7z, ZEEVATY MEZETERWT—ALRET S, TOHEIEX
I—T—RELT, ZEMPZETES FRMETH 5-100dBm 2RAT 5. 1D
TYY 3T a—Y ez, BREZEHD RSSHEZ GRS 5 2 & THREYE
DFANTF—XEMEHRT 5.

3.5.2 BB DIEE

F—RDUEERE, IE L2 T — RIS 2R L7, X/, 8T —
REMERT BIZHT->T, Nzt TldA—F, NiERE, AEERORED S
WZHF R LD 28D Web I XA Z2E L7z, FERE, fikIhZesA%2HT
INELUZT—RDT RV DF %2 FEITITR 7. lgREEEE o1 77100
scikit-learn® % FH\N T python A2 VU 7~ & U THEEEL 72, ARWEZE TIREN 2%
IARFETNT)ALD, 1) BV AT 1y 70k, 2) ¥ R—- IR EZ—< ¥
Y, 3) FVRLTAVAN, 4) AT —AT 4 VI RDADERKT S, Th
ZTHOFIROR R Z AN TR 5.

Sscikit-learn:http://scikit-learn.org/stable/
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(1) BY A7« v 7w (LR: Logistic Regression)
OYAT 4w 7L, ZEETEICHWONSFERT2MEL2E D 274
WEZREBLZBOIRME L UTHY, SRR E W T T OFEEMER %2 5]
5 [40,41). F£7z, BEORBEBEZHET 5 LT 7 A5HA~EIGH
TE2. MORET VT XALED & EH, BELWSREND 5.

(2) ¥R —bRZ X =< (SVM: Support Vector Machine)

PR— IR R =2, M7 5 ARFDORIRNFIETH Y, BEE KL T
B8 — VRO FETHRBEREIENZET VD —DTH D [42]. ¥ —
VUKL N D SIS CHEBEE 2 RE T D D TrRWIMLRE DG T E 5.
— I TMDFIR L T 2 L ZENHE PR RAMEAR D 5720, T— X
D+ VEBIZIERWETHS.

(3) ¥ XL 7% VAN (RF: Random Forest)

SURNLTFVANE, TUH Y INFEBIZEDOWEEEEE T LT ) XL
Th 5 [43,44]. FRFHEL U TEHBOPREREFERL, TOMREHET S
e TERBERDEEREGS. NS ERREAE <, DN ERS T
H5. Flz, FEEOEEEZFAETLI LN ARETH 5.

(4) Al 7 —AT 1 > 27K (GBDT: Gradient Boosting Decision Tree)
BT —=AT 4 v IRIE, TYVRLT 4 VAN ERBRICEBROPER % ERK
LEMTEEIEL T VI Y INEERDO—=DTH S [45,46]. AT — AT«
YIURTIE, EfRMEE FHFEBOFHMEE OEZADAR E R LT, Thi
BRAMET B S ICBRMIC 2 EB 2 EEIES. 20RO, TUXLTH
VA& D BEERREL RBMA1RDH 5D, FERHITES 85,

3.5.3 Bt

K721 HOFEftEE 2533, ZOMIZZALT1 Y FIZ AEZEOTE
WEMEZ2BRENOLZ2DOTHS. EEILS, HEIBREDE L E D TIENHET
STVAEY, Miilz2 R DRMENPHEELTWBE I Ehbrs. ZOFREK
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BiEEMRR

IR

10:30 1100 11:30 1200 12:30 13:00 1330 14:00 1430 1500

tar B vers [ ok [ RE

Lo)T—3v YNEYT—av

T TR R 51

& BLE D RSSIEZAZETH D, FEUGATIZHEL THERELLELFHTEINSTH
5. Fl-, ZEHOBEGHOHNEREHELTWEILEEILONS., IOk
I E 2 W AET ) THETH > ThH, RSSIZHWEIGEKRE L
BEZIFBIeNbhotz. FIT, ZOMEL KI5 720 {b L % 12
5. AWIETIE, 1) BHEMEIC X 20, 2) BWEEIC X2 EE ko 2 fE
MO PN ARET 5. TNTNOFIEICDOVWTLATNIIRT.

(1) RBEIZ K 2 FE#b (MFVS: Most Frequent Value Smoothing)

MFVS %, FREZBZHTL, TOHTHRLEL ATV a7 2H1E
TVT LT E5FHETHS. MFVS OMEZKI 8 IZ/mRT. 9, FifkizHw
HIFEBDOREXIZFHET S, MOflITIE, FRFEARIESITHEELTVS.
RO RHABDORE I DOVWTIX S HTHAT 5. RHEBRREHE, XML
AV ECH AU WHPDO T — 2% F =X R=ZA S0 9. B 3B
CHIPHDBA M E R EDRIRICY =Y v ¥ LT, AR /280 T —2 %% <
BOHd. Zov—YrOT7—RIFHER EEROFEREETIBICHWS.
SEWALIE, BIBSDPOREETT— X2 1 DT DOA5 14 RIERRSFTS.
plcix, REBZTFOFMTRL, FREVPETINSET — X E2ROPTR
LTWd. £72, &£V 7 IEENETNHETHRDITITWS. IR TIE,
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FiRLEEE

Ml;l|4|5|1 ﬂﬂﬂ
el T L )

ex) FFEZE =5 #

on a0
=Ty MFV =1
F—HEIDRSAK

1 54 5
MFV=1,5

LLMFVA2DLLEH BB E ., BEEDELMIHTEERAD

L #E R

1 BBRE

8 BT & B (b

EIALRTDO T — XX 5 &R >TWaED, BEANTHY Y N UGS, 1A
BREZVOTERILBEDT —XTlE12Rh5. £/, 1DATA RIE/K
DETIE, KHBNOT =220 T22 15 PABTHREEL %>
TWa., 2O k5 uGE, FANCRELZEBEEIZIVEEEDOSVWTZY T
EHAT S, BREIZOWTIX, 4B THHAT S, ZONMEKRNETAT
4 REERVRSTI T TERLETS.

B8 1Z X 55k (MLS: Machine Learning Smoothing)

MLS 1%, BN OFEROHBNR - 2REE L UM EIc L - T
EBbT B FETHS. M7 T, VEVTIZELEEEINTWE Z e
Ohrb. TR Y TR DRI H BT, MDY TIZEREL 2%
BEPOBZEINPTVWILVHEATHS. 2D L5 %2854, &HMIZK
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oEltz Y

RTC

| sEt Y vqoodoesy |

|

_XA4oaJotwyYy ‘ INT ‘ ‘ microSD ‘

X 9 BAFL7=F—&u A o

HZVEAETIE NI LA E Vo ZHBEBEEDE WY T2, Y7L
Tito CTEBbEI N algett i d 5. MLS Tlk, HIZHBBEE 1) TFEE1L
BIEMEEIC & > TR b 2T S 720, HBEBEEDRWTY 7H - TH
BAEOS W) 7IZEEBE XN WML TIEEZONS. HBSHE
DENTY TIZIE M VPO AR, UNEBVREEEREDVL WO I DF
EERET S, MLS OUHEO K31 MEVS L[| U 7205, BHliz sE %
AV PLUTIZI T ZREL TV TERMZEEIZE T ) T 2RET
LU ZITS . BT EIZIE, 35 2HTHHLZEDDSH SVM 2R\ 72
LR, RF, GBDT ® 3 2% W7, SVM IZZEBIZRA Lz Z A, RTA—-X
Fa—o VT B EOFH IR KRIZ > 22O R\ .

3.6 BFHEEOER

4471, TESL), TEME] 2 OBfEFRIE, VALY T—2 3 v ORRER

fifis 5 LCAMAEERTH S, £k, FEHGE 7 0E A THE S il e A
GOEL I TROFHMLTERE AL 4D, REVATLTH, 34 TR
N7z& 512, AEEmENHIAET S BLE C—avicfiLizvr7n7oxy
PIZEEE U DHBRIC L 5T, VTR A LITITEHEE 2175 .
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(1) ¥— %07 D%

BLE B — I VIZEHET L NEGEMERT 5720, vV I TFT—-k2NET D
T—RXAAEEFKLUZ. MIWZT—2aOMEEZRT. T—XaFI3RD
S5 ODERTHEMINS. 1) 9l Y, 2)vr27mar b —7 (SparkFun
OpenLog%), 3) microSD 7 — K, 4) Real Time Clock(RTC), 5) Xv 7 VU. 9
fifiz > 213 BLE ¥ — 2 » £ [d U InvenSense MPU-9150 & f\ /2. <A 2
DY hE—J3NMEEL I ROREONTELZT—RXERICHLESN
TCERRALARY T ZFAMLU, microSD ~NMEET 2. Yo 7V v F R
H100[HA] £ LT3,

73 Fid D AERK

MEEF—2a A 2HWTINELZT—&2 &Y, BLEY—aIZFEET 2
JEHERRERR U7z, D SEZRDIERIZ X Weka” 2 W /2. #ifEHERE X, BLE ¥ —
avEOvAraravy Y TITI720, SEBEESNLRLEOTHLELE
NhHsb. FD=d, REPTree ZFH\WNT 5 D NEESZ/ER L T-. k%
VERR T 2 BR ORI IE, NEED x il - y ¥l - 28, 3 DO®IOFSHIR, ¥
FHR e 1 BEORIEDO S 2\, ZO0MEeEIck->T, BLEE—aYD
WIS CENMEDMEE X, HEE S NZEEIXE =3 DT RANXA XAV A
Ty REUTHEINS.

6SparkFun OpenLog:https://www.sparkfun.com/products/13712
"Weka:http://www.cs.waikato.ac.nz/ml/weka/
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BLEESTN

(a) BLE E—arZEE/E LKA (b) 9T EFEEX D RED

10 BLE ¥ — 2y %% | 7-hHE

4. FLM=ESR

AT, FBI AR T 7 > 2 S 25 A DRI DV Tk A
5. 39, HROME L KRB OV THIT 5. Wiz, MKW TH
5.

4.1 EEREE

REVAT LATHOWAITEfEFIEORELRMAGDEZRET 572012, /it
EE NI VDRI T2 R—IZBWCERE TR -7z, FEERTIX, Hi#fxT
EEINTVWE3ADAFEZL I N\ONEBEZNR L LT, 2hEns HET —
REWE L. #WERFHIEBLE ¥— 3 v 235 URET, Rl ifEn 83T
LI WESE D EER1TS. BLEY — 3 V25 LREEZX 10(a) 1ITRT. %fT
B WTCBLEY —a Y 2 HIZ NS TAEET 2 L BHOBR EITREIZ R 5
EWIERBD 72728, RERTIIAFED L EMHKEURDRIZL SRV E N
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YNEYTFT—30T)7
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\ oL ©
N o TTTTTTTTTTTT AN
® | .“§>ww
™ 1 @
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s I JEVY

® £ BIEHOE)
e EERNASER)

11 JrigfEse D FEY

IMEDERF G Uz, RO BEBIE, ) HAET Y 7 HEEIZ W 2 B 722 B
FETNTY XLDWPRE, 2) Bl iR b TFIEDOIRE, 3) #RRHABDIE,
4) M1 I NNl dk DI CTH 5. FNZTNDFHM HIEIZ DWW TIX 4.3 HIZT
Y 5.

4.2 ZEERRIRE

FER %1772 o T a1 250m? DEZ £ 5, $ﬁﬁ%%*@% Ni&EZEAT
RoTWB., il DN %X 10(b) 12K . ARMEMEHIGENZ LT —E
x%¢mtufﬁﬁofkb,AE%kxbﬁb@77/%¢WbEﬁ$E@#

— MRUGERERED R EE2 B LZilliz TR -oTWwad. HH, #1048
EDOANBED P> TED, TOIRIREIIMB 7 LA TrI6E, kg1 % A,
MERMREHY TH 5.
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AEBRTITA—F LHHKL, M11DO LS 2%z b1 L, AR, UANEY,
K, LZ7Lb—=yay, JEVYIZDEDOOT) TIZHT7E. ZheDx) TIEAE
FHDITD ERTECEOVTOTSNT WS, b L& ABIFEEIC &> THES
N-FEZEMTH O, MO Y TIFHRZEFRTH L. ERTIEHIZAL VYDA
TRTEIIZIDDZEHERE L. /2, IV R Mo b—ATF—XZ2INE
T 572012, fikDA—F, NEME, AEERTZORED GIZHE 2 W72
X26HDWeb I AT HBRELT.

4.3 A E

AREBRTIX, UTFD 4 DD %4772 72, TNENDFHM HGIEDFHM %2 LT

A7

(1) #AET ) 7HEER S E 7V T X LD g
WAET ) THEEIZAWS LR, SVM, RF, GBDT ® 4 DD 7L T X LD
PEREZ - U Bt 7L 3D AL 2 PET 5. 7IVT Y X LDOFHIT I
Leave-one-person-out & 7Rk % W 5. Leave-one-person-out 42 22 MG 132
ABEPS 1 DOHEBZITZRKEBUTT A MHEAIE U, 7D ZFl#H & 3
5. INERFEFN—FETOTANEHIL LD LS BEAEZME D IRT FETH
5. RFHUEBRTIX, TNENOHREZLIZTHSODT — X ERVWEZL2TD
T—REFETFT—RE UM, VAT LM 5 OFHAEE I BIRHZ S Al 58
THDE VI BEMZHTT72DITE, MEDT—XEHNGAETHHEED
F L R NIEZR 5700, D72 DNALYERE & Bl T & 2 AFEMIFIEE Wz,
B E 7N T AL 2 RET S ETEELRERIE, BICEWHETHEZD
TIEZRL, MUVDES RBREOSNMIE 2 EMICHETE I TH5.
Z 2 CAFHMRRECIE, SEAHERE TR KZT Y TOREZFHE L TT
VTN ZALERET S.

(2) FHALTIRD L

BARMEIZ & 55 (MEFV), BEE I X 57t (LR, RF, GBDT @ 33
Ko=) OMREERFHEIS 5. MBI (1) TRELZ 7TV XLIZER L,
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BHRENE ET 2 FEEZMEY R TV XL LTRET 5. b TH
WHEIHET Y 7 OEBEIINMEME LG LAWY, 1) b1 L, 2) AR, 3) Y
NEV, 4) Ry R, 5) LrZVT—=vay, 6) VEVIDEIIZPREL .

ST T\ B 220D B

(1), (2) THIE L 7= Behle® ¥ EIHL DO FROMA L bEIH LT, B d
NE— v DIEIZ U CRERSEA 2 RET 5. 22 CHRET 24
Bt E BRI T U S R O 3 I 5.

s SR O Al

BREHNZIRE U FIRIZ LD, EBICHE USRSV R by b—
AT =R &> THAUAERZ RS 5 Z 212 & 0 kG ROGHGZ 5.
F7, REVATLOEHMOFHGE U TSRO —F, MiERE, #
BB VR 2 — 2 TVWEBOBY CIEHTE 2008 5 iR L. 12
KV AT LOARAMOFHIG 6 BIZRT.
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ElR = SVM RF EGBDT

1.0
0.9
0.8
0.7
[«b]
5 06
g
2 0.5
L 04
0.3
0.2
0.1
0.0 UNEYT— Ry L7 EVYT  mMETFH
/EI/ I—/EIJ
X 12 HhkE 71 31 2 L0 ikt e
+
5. faR

5.1 #HE2EE7ILTY XLDLERIER

FUOIZ, WETY THEIZHOWAEWMEE 7 LT) XL LT, 1) LR, 2)
SVM, 3) RF, 4) GBDT ® 4 D% s 5. 7 ITY XA, Leave-one-person-
out RAEMGEIZ L VMMED T — X 2 HWTIHME L 2. K12 12HEFESE 7LD X
LD KR A RS, B A 47E L NEEYS, Ml FEZ2 RS, 2TOT7 IV
TYXLT, MEFEFEIK0.65 % L7z, H£TETLICATAS L, SVM,
RF, GBDT IZ 2 TOTENZH W THIBNZE L TWE A, LRIFMTENZ L - Tl
F-measure 23 UK RN U7z, FRHZEREOE W R LR IYUNLE Y T—=2 a3 00D
EOBTHTETLTWS., T—2HDLZ VWL 7 T—Y 3 vy s Tl
BE W FAE7ZDY, BREORmWTY) 7OREMES TRV AT LATHWSIZIE
REYTH 5720 LRIZBRANT 5. 5.2 BAEO T SVM, RF, GBDT % H
W5,
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Y11 O

Ground Truth

10:30 11:.00 - 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:.00

ot Wvers ok [ AB

Lo)T—3v . YNEYT—av

13 WEINZT VTV R & > TER S Nz rilzisk CEHLRT)

(1312 SVM, RF, GBDT & I\ THRL L 7= /ritéid sk CEiLRT) oflZ =7,
IRV —RL RS2, HOAREDE L E D TIEAEHETETWVWE,
M2 B 2L < DFRHEERFEL TWDHZ W bh b, ZOEMEEZH ST Z
T, BEFMEUNEREICLE>TIORPIIARZEEIONS. £ T,
ZTNZTNOFRERIIHN U T 2HBEO BT IEZHEIGL, BMEOWEZKAS.
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21 TR WSS R (HE = 208)

178 RF GBDT SVM
CR MFVS RF GBDT LR CR  MFVS RF GBDT LR CR  MFVS RF GBDT LR

b1V 0.483 0.764 0.643 0.725 0 0.501 0.767  0.671 0.743 0 0.497 0.648 0.633 0.688 0

JEL = 0.630 0.896  0.872 0.889  0.507 0.723 0.896 0.893 0.903  0.593 0.755 0.885 0.874 0.882  0.748
UNEYF—2ay 0355 0494 0549 0.616 0 0.416 0.519  0.572 0.638 0 0.408 0.421  0.554 0.604 0O
Ny K 0.490 0.301 0 0 0 0.480 0297 0 0 0 0.380 0.105 0 0 0
LV7)r—vayv 0.535 0.636  0.606 0.628  0.542 0.548 0.647 0.593 0.616  0.527 0.553 0.611  0.557 0.593  0.529
DRI/ 0.793 0.865 0.765 0.764 0.867 0.783 0.862 0.744 0.758  0.863 0.797 0.869 0.721 0.755  0.867
DEESEYS F A 0.700 0.791  0.716 0.725  0.722 0.710 0.793  0.701 0.720  0.720 0.714 0.782  0.675 0.709  0.731

5.2 FERIEFEDLLEFER

5.1 HiCHE U 72 Bk e 7L 3 X A2 MFVS & MLS(RF, GBDT, LR) @
2FEHH (4 82— ) O FEEBEIS L, MR EEEFEEZRET S, K
LIE, &EWFEE 7L T) X226 T % 4838 = OSERLTED F G LS
Zm9. F7z, CR(Classification Results) I&, Fig{bz e d 2HD F iz xR U
TWa. ZIZTRETOFEEFERICKHEZ 20 %2 HW -,

o, BEALDOFRIIEVWT R zEIES Y56, FMEIRMETSZ
EDNroTz. UTzhio T, BEVATAIIBWTERLZELT S Z XA
Thb. MEFEFEEZRTAS L, MEVSIZBW Tk @WHEEDR LR S
N5, £72, MLS D&, fTENCX > TIREBT 2B TERWT —ADH
5. ZHFETT — XD nEE, BT 2R - UAFEERTRETETY
BWEEZLND, FEEDA EIZEWT MLS XRIERBTH 5D, MEVS DS
FOMPNTHDLEZS.

PAED &S 7fkERm S, EHRLTIEIZIEMEVS 2 WA Z 8 2IE L. IR
2, TNEFNOEMEE 7L XL2d 5 MEVS OfE R % g4 5. IiE
P F A% RS 5 & RF-MFV 1£0.791, GBDT-MFVS £ 0.793, SVM-MFV %
0.782 & KEZFA 1T\, UL UITEIZ LI d 2 &, BEEOH WML, A
B, VNEYT—>3 D& 5 RT7ETSVM-MFV @O FIEIFELS B> T Wb, Z
NoDITHZRERT S Z L IXEETH S0, 5.3 HLAROIEMGTlX SVM-MFVS
k<, RF-MFV & GBDT-MFV @ 2 DDflAEHLEZHWTHMZFTS.
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EERAE (F)) B (7))
(a) BRI BRIC KD LLESHER (RF-MFV) (b) B ZRIZ KB LLEHE R (GBDT-MFV)

14 R D Lt 3
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2 RARERFE O A R
Wha#  RF-MFV (KFEZ = 60 #) GBDT-MFV (HfHZ = 50 )

Precision Recall F-measure Precision Recall F-measure

A 0.840 0.816  0.791 0.843 0.821  0.798
B 0.787 0.775  0.751 0.785 0.769  0.742
C 0.890 0.879  0.875 0.887 0.867  0.868
HIEESEYT  0.842 0.826  0.809 0.842 0.822  0.806

U Tl E72HEIMEW DS, SRIOEE TIHMLOTE) & IR L T 7 — 2837
Dolz7zh, T—REEWEPHITHEIIEEI NG LEZ 5N,

2 ITHRERE (NMERRBEZIRC 34) OfiiFEREZ RS, MEEEE2 RS L,
Precision, Recall, F-measure £ CDIFET08 ZHATWA I L hbhrorz. Z
DRGRIL, EEV AT L% LOO ZAEMGETAHIIT 5 Z il &> TRSN. D
E0, BEVATLADPHHAEZZN LU TCT —XINER VIZHEIGTRETH D L5
Z5. UlzdioT, 3ETCHELUEMS 2. £z, REVAT LDPEK
DABEDITEZEMHIZE=X) V7 TETWE OB iz LTW5.
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) {E Precision Recall F-measure
A7 0.898  0.942 0.920
[[ERYA 0.851 0.655 0.740
A 0.851  0.951 0.899

hEE -4 0.870 0.871 0.866
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- UI-E ER 5.
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EME DA Z B S E 5720 DBHNRIEE & N #EfR DA —F »
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EEDRERIE, 50DV AT LAEMEWT-L, REV AT LABPNERBKIZE W
TEHTHDZ & Z2RT.
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