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Labeling Method for Acceleration Data
Using an Execution Sequence of Activities
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Abstract: In the area of activity recognition, many systems using accelerometers have been proposed. Com-
mon method for activity recognition requires raw data labeled with ground truth to learn the model. To
obtain ground truth, a wearer records his/her activities during data logging through video camera or hand-
written memos. However, referring video takes long time and taking memos would interrupt natural activity.
We propose a labeling method for activity recognition using an execution sequence of activities. The ex-
ecution sequence includes activities in performed order, and does not include time stamps. The execution
sequence is assumed to be made based on his/her memory after several activities have been done, therefore
some activities may not be included in the execution sequence. The proposed method gave a precision of
0.772 for data including seven kinds of activities captured from five subjects. We also confirmed that recogni-
tion accuracy for training data labeled with the proposed method dropped by 6.7% (min.) and 20.0% (ave.)
compared to that with ground truth.
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Fig. 1 Activity recognition system.
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(6)
TYLPTYL/TIL—TLPTYL—TL

(m>mn)

7T ALY BRI G L T HATEHIL T OYE, n BT
o m AL EBIEG E 2D, —F, 7T AY B
WREETLITEE L VS VIGE, Rk m—nflOr 7 X
FIAIATEAH 7 XV 259 5. n BEOITEIE m —n
T DATEI R T N DIEHNL ,, Py &7 505, 1TEIAH
TV E) LIZKBI L 2728 m —n HO 7 0L DY
m-nPm—n CEHRLTWA. TEVAZ NV ERAT 2 HH
i, 77 AYEPITEBLVZVERE LT, 1 DDfTH)
PO 7 7 A7 IZE )R TONL AL, HEL TV
WITEISEENT, TN T A HE) B THNDL GG
BHITOHNDL DS, FEIZENL ZHJTE L\, ZD720
KL T, ATE I NVOEE 2 L TR NV
4 X0, ATEAHT ANV EMNELTINY VT EFT
DLWV T Tu—F% L 5Tnah,

X (6) 25N KHMAEEDITEIEF OBEH (T
TTENEF54) PredictedSequence = (PSy, -+, PSi, -+,
PSyy) &, L —hvacek L AT B (FESATEYIEF)
RecordedSequence = (RS, -+, RSy, -+, RSn,) & DR
HED SRV 5. Np ZELETBIHFORES TH 5. HHk
DEHFEIE TR XFF T30 1 2 TH % DP
(BIAYFFMIE: - Dynamic programming) ~ v F ¥ 7 &% i
%. Nix Np ATh dij IIAR—FIEDXF VT4 THY,
PS; = RS; T d;; =0, PS; # RS; ThNidd;; =1
L95.,

(1) Initialization:
Cost(0,0) =0
Cost(i,0) = oo for i =1,---,N{
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Cost(0,j) =occ for j=1,---,Ng
(2) Cost calculation:
Do fori=1,2,---,N{
Do for j =1,2,---,Ng

Cost(i—1,7) +d; ;2 (7)

Cost(i,j) = min

(3) Output:
Return Cost(N§, Ng)

22T, R (7) D Cost(i,j) DEEIZBNWTRF VT 1 d;;
DR ERL D Z LIZOVTENE, BOTEELEE N
L9 5 e, REFEBEOITHEMRN TR E5EH T 5
LT A= SR T TN ST Ny > N L 51
REMEASE V. —F, ATENER ZEBIATONIATEIO ) &
FRELTWbDTHY, Ho TRETRITEIZRGRT S 2
EBEZONDLD, HHEATICRRTHRO TSV
ZABbNABT N < N &b REMEDE <, FHATEIE
FEBER SR T A R T RIS AET B 7 _RF VT (1
RS LELTWA, WS, ERATEIIETOADPEET S
BRI - OO -l BT 2B TH D 7R T
VT A% 2f5E LTWw5h, 72720, 2—HFD2l) 725kt
MoTBY, ZORBFEEMLHPefE LTHENR
WAL, -V ORGEE LS 5 T HATENER R A5
REns.

) &7z Cost(NG, Ng) #5THIATENIE 54 O His <
HY, NEVWIEFEIERTEIIRE TV L2 EERT A, T
RXTOTFUATENER RO O B HBEA RN & % 5 E 4TI
WoT, ANF=3DRET A N ANIET AT =412
TR TR L7278 SRV L — Y
FREk L 72 IEMRATENIE R \2HRVT 25D A3 A3, ISR/ &
7% HELTHAEMAFLET 5. TOSEICH L TlERE i
FEERIZBWIS KT 5.

W, ATEIEHAE D 2 G0 EIIDOVWTIRRDS, 21—
s [A—> Bl LW IHTEHZfLE [A—Cl Lo Thlsk
L7720, TA>C—B] 7o TwARWiTEI#iFA L T
B 5 L, BRo o TIUATENER R O BEEAV NS {2 o T
RAIER SN TR D, TN U IRBENKT T 5.
L2 L, FEDTE RS MR IR - CRodks 2 2 L1
I DIZ L, Ty LR Z L HITMoORRS CHILT
HATENDSIE L  REEk SV THIAIIICER ) OEIE KT T 5
7o, =W OITERLERDRE > T\ 2 T % R 5178
FRM TR S NG, T72, —EFHRIIMBNLZAS
T 52 CEHOTEET TR E5E S5 L9 12%kE
LTWAY, ¥Z A5 —3aryOBRNICEoTARE2D
DITEITH LU 06T 12087 Ay b LTHRIES
NEEERZF0R 7 X 2 M2id 1 FEOITEN S~V L E
DVBTHNLNIZD, FHOTED TN v 7AEEIMET

524



RS 2R

Vol.55 No.1 519-530 (Jan. 2014)

®2 FHEHT—2

Table 2 Data for evaluation.

Subject  # activity

Duration [sec]

Ground truth

A 19

875

Stand— Walk—Sit—Stand—Walk—Undefined (put on shoes)—Walk—Stand—Up
—Stand—Down— Up—Stand—Run— Stand— Lie—Sit—Walk—Sit

B 60

1,695

Stand— Walk—Stand—Walk Undefined(put on shoes)—Walk—Stand—Walk—Up
—Stand—Down—Run—Stand—Down—Sit—Down— Walk—Run—Stand— Walk—Up
— Walk—Stand— Walk— Up—Down— Sit— Up— Walk—Stand— Up—Walk—Run—Up
—Walk—Stand—Walk— Up— Down—Sit— Walk—Run—Down— Undefined— Walk
—Up—Sit—Up—Walk—Up—Walk— Undefined—Sit— Lie— Undefined—Stand— Walk
—Sit

885

Stand— Walk— Down— Walk— Up—Stand— Walk— Run— Undefined—Run—Walk—Up
—Sit—Walk—Lie—Sit

1,531

Walk— Down— Walk—Stand— Walk—Stand — Walk—Stand — Walk— Run— Walk—Run

—Up—Walk—Sit—Lie— Walk—Sit— Walk—Down—Walk—Run—Walk— Up—Walk
—Stand— Walk— Down— Walk—Run— Sit—Lie—Sit— Walk— Up—Stand—Down

— Walk— Up—Walk—Sit— Lie—Sit—Walk—Down— Walk—Down— Walk— Up—Walk
—Sit—Walk—Sit— Walk—Stand

E 30 852  Walk—Undefined (put on shoes)—Walk—Down— Walk—Stand— Walk—Down— Walk
—Run—Sit—Walk— Up—Walk— Lie— Walk— Up—Walk—Stand— Walk— Up—Walk
—Stand—Up—Walk—Undefined (put off shoes)—Walk— Sit—Lie—Walk

TorLELORD.
4. FH

RETIIREFEDO TN I HRROFHE 217 .

4.1 FHEREE

FHCIEAETE, M, AREO 3 AETIC 3 AR
Ex % (T4 LATFY 0 I3 WAA-010), 556
WF—FNERY 7Ly b (v 230 Ea—F#8 Lu-
vPad WN701), SEERICIEMATEIGCEH Y =7 7 7V 7 A
7 (SONY t1# HDR-AS15) % %75 L7 5 AO¥FRE» S
THHOITE) (D, Lo, EIChD, k<, kD, BB
#bD, BEBEETVL) OF—% W L7z, IEET—
Yo7 T REWEEIE 100Hz TH 5.

BARN 7= 2 WUE 23S 5. EBRF e 3R
B LT, T8O 7— 4 2 ETLERTH Y, ko 7
OB Z LTH 5 ) L) IfmaTwab. 727210, 178
DNEFE R A HTH Y, [ CATEN &[T > T H
Bbwds, WINOTEI IR 1 H3fr) &35, KT
DY A IV TP EEETEY, THENTHO T —
IHET o LB RERTHBISKRTLTL v, 7—%1f
A EBR B E I AT, BEBRE A LT 2T T
TNH AT TERORT 2 L T 5.

TTEIOFLERIE, EFH S DMER L7z Android 7 7Y & v
TATo7z. 77V TEEOITE) B £ OF [Delete], [OK],
[Finish] 28&F N7z R 8y U HRE SN TEY, #kE I3
R E CIAT AT 2 AR C AT 5. AN ERLEZ 7
%4 1& [Delete] K% » THIRTE 5. AJJ#IZ [OK] K%
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YERT L, ZORNORR EATEIERSRE S NS,
BEICII oMLY, HREDTEED YA IV T T
59 LR LE. $§XTOAND A S & [Finish]
Ry a4 LT, —HOTHIEF & EBREMRETIC A —
VR FEN S,

T — FWUER T 7, FEBRTEAEE IERE A & s 7 —
FBIT 2T I TN ATOEEERIL, YT T
WA AT OMG % b EICTFEETMEE T — ¥ IZIERO
TENEHREZ 535, BBREIARICITEL TCWb729,
THEUNOTE O EENTBY, 200 0TI TE%
F-1 LT [Z20Mh] TNV EAEG L7

W L7:7—% %% 2 IZ/~F. Ground truth (ZIEfFD
TEITH L. BhOTEHEIIITHONIATEIOEEETH
5. WRBEREEIEE Y 2 VSRR LTS, REOITEIO
FLERE T LCT 7)) @ [Finish] K% v % L7285 F ©
DEETH D, AF— MEREELESOMEETH Y,
Mo THIAE L T D, WERERIIIZEENEBE L7
D, BRI OET R REEGE - TR T, Bt e BE)
L7

F 7z, WEEOATERER YR 3 ITRT . REEILFOERRE
2 [OK] K& > 2 L7zkeZl, 1785 AT L AT
Thb. 72&21E, WEE A O 147H TIZBIE 379 R
T, FNFETOITEIE LT Sit — Stand — Walk % AJJ
L7222 FHRLCWA, 72720, S N/IEG 0 EHR
BRI OFFMTIEH VT WAL, £ 2 OIFERiTE % 3
DATEIRLFRZ WIS 5 &, TEIRCERICIEIRTSH B 2 L A8
GrA. ZIUE, HRILD Lo T B ATE) Mk
e DSBS FE B DATEN I W BB A2 NS OfTE 2 L7z & v
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® 3 WEREDRCER L ATENER
Table 3 Sequence of activity that subjects recorded.

Subject  Time [sec] Sequence of activities
379  Sit—Stand—Walk
A 562
875 Run—Lie—Sit— Walk—Sit
126  Walk—Stand—Walk—Stand
180 Walk—Up—Stand
279  Down—Run—Stand
368 Down—Sit
481  Down—Walk—Run
662  Walk—Up— Walk—Stand
B 763  Walk—Up—Down—Sit
917 Up—Walk—Stand
1,037 Up—Run—Up—Walk—Stand
1,197  Walk—Up—Down—Sit
1,308 Walk—Run—Down—Sit—Lie
1,591  Walk—Up—Sit—Up—Walk
—Up—Walk—Sit
1,695 Lie—Stand—Walk—Sit
259  Stand— Walk—Down
494  Walk—Run

Up—Stand—Down—Up—Stand

¢ 696  Walk—Up—Sit
885  Walk—Lie
142 Walk—Down— Walk—Stand
369 Walk—Run—Up—Sit—Walk—Lie
509  Walk—Sit— Walk—Down— Walk
735  Run—Walk— Up—Walk—Stand
—Walk—Down
980 Walk—Run—=Sit—Lie—Sit
D 1,167 Walk—Up—Walk—Stand— Walk
—Down—Walk
1,313  Walk—Up—Walk—Sit—Lie—Sit
1,423  Walk—Down— Walk—Down
—Walk—Up
1,531  Walk—Stand— Walk—Stand
—Walk—Stand
333  Walk—Down— Walk—Stand
—Walk—Down—Walk—Run—=Sit
E 706  Walk—Up—Walk—Lie—Walk

—Run—Walk— Up—Walk—Stand
852  Up—Walk—Sit—Lie—Walk—Sit

, ILEESIN ol tEZHND.

4.2 BREER
421 75RB)LTERTALT— 3 DA
WERE A OT— 7120 L TIREFEEZHE L 2Bon
WEEPRI, AT MVEBE, SWME, 7 AT -3
YETTAY) Y TOMER, MEHROET A NET T A
) 7 OfRFERER 4 \RT. MEERE (K 4(a) »
SIRON/ANRT FVERE (K 4(b) HTEIOZALS
TE—27%RLTWLIEDGN5. N2 ART ML
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< 10* (a) Waveform of acceleration
5 1L - —_—— R 10 —
—_— ——— — 0 g
£ Jl0E
g0 z
E z
ER . . . . =
g 0 2 4 6 8 10 <
2 Time [1/100 sec] x10*
(b) Spectrum transition measurement
100 - —_— - J— 10 —
- - - 0 2
= H -108
& 50 ‘ =
0 Ll il m Lo tbdallig g
0 2 4 6 8 10 <
Time [1/100 sec] x10*
x 10° (c) Running variance
3L 03
g2 108
_ * >
g1 Rl =
= ke =
=20 = 5
§ 0 2 4 6 8 10 <
Time [1/100 sec] x 10*
(d) Clusters and segments
= 20 [ 1T 1 10 —
o H [53
g iy 0 — o
et o] 1] :
o l LLI0NUA (i =
S 0 O 8 11111 2 - z
o
0 2 4 6 8 10 <
- Time [1/100 sec] x 10*
(e) Clusters and segments after integration
20 [ H 10 —
g Y03
2 -10 =
S 10 2
o 1 — — 2
° ] 2
50 . . . &
= 2 4 6 8 10 <
- Time [1/100 sec] < 10°
~—armx ~— army ~— armz ~ hipx ~— hipy hip z
—legx —legy —legz * ground truth | segment > cluster

4 REFLEORHIZBNTHES LT
Fig. 4 Waveforms obtained through the proposed method.

EBREBLOSEME (X 4(c) DELIcEIWTET Ay
MZAE L 7oA L S 2 Cr T A S ) 7 LIk R
2 4(d) IR, TOEMBETIRMr VRS X Y M2GE
XN, A—tZ 2y NNICERDZ 5 A% OF— % DA
LTWa7%, RETLIMETFEICL > T 4(e) ITRT &
I, ATEOZLIITHIET 5 L) 12872 Y FARAE S
N, EZ7 AV MI1DOD7 FIAIFZFEZEHY LB TTWE,
FENRTIEFOATE LT 5 &, 7T A5 FrDEAt
DYAI YT EIERITHIOEND Y A I v BB L 2—
HLTVWDBZENGDD.

BUEBRZE DT — 7 T he AV F—Ya By
FAZ) Y TORREOFMET 4 \IRT. AT M VER
BEBLOGHEICEI T/ AT =V a vtk > THM
B O E 7 — &\ $E 2 518, 1738, 7118, 173
i, 86 it 7 2 ¥ MIpEI SN TEY, EBOITEI X
DLW DD, T, AT FIVEBEIREE
DAY FIVHHEZAL T A ETY =2 2R 7280, .o
TVALIIZRTE 2 LAY, SATHICEDTHEIZT] - 2
oo THEZOEIBIENTLEI DO THS. F
7o, VA BERS L, 1448, 181, 26 M#, 20, 26
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Rd vIAYT—varBIUOrIAYY) VIR
Table 4 Results for segmentation and clustering.
. # segment # cluster
Subject  # segment  # cluster . . . . Sequence of cluster
after integration  after integration
A 51 14 22 [461141261241451476382126 12 13]
B 173 18 73 [15157575173716916758567391
59739315176252715797376525
94651637573737351251457 2]
C 71 26 16 [752515525214531515158
D 173 20 64 [2328232824208202871378272824
198111120131811181118767818158
381 76718181151383]
E 86 26 39 [121617114171611611818216 17166 3

16 221814 16 1716 1 16 12 14 1517 16 1 3 14 3 1]

DY FAZITHEENT VWS, ZHIFEZRSN TR W
TN ERAT o 72T =800 T A7 R LY, [FUATET
DRDOAERLEIE DAL THRLR D7 T AZIZEH)BTH
Nl Z26N5., 7IA5) Y 7I3#MG L TTF—
T DA DIRGET BB & HINT 5720, [ UAT
FTH T — ¥ DEMICEEN T WA Z EER TR S Y
FAFTIZE D B THNL. 1 DODOFkEE L TV L7822
DY FTATIFESNDLEEE, ET7AY VHAD T T AY
T DLEEDPS 7 T A FTEMETAHILET, IR
v MgE 22 M8, 73R, 16 1R, 64 i, 39 il & EREOITHE)
BICEWETHET L L9 hoTnb, $72, 7T A%
Bz 11, 1248, 101, 134, 14 2b, TR0
HUEVEIC: o T b, BN EEEHR L7 A Y MICHE
DB THENY TAYFZOEALE L L, HEE A Tk
I ITAITEFADRAMD LD, INEEFEREFNLOXT X
N CIXFE CATEI DS TR T b EEZ 5N 5.
4.2.2 FNXYCTHEE

T 5 IIRETFEICL ST X)) ¥ 7D Precision & Recall
Y. EBATEINET & HATEIER B O LB 5155
N5, TXVDOERLE TNy — U HIIHERE A, B, C, D, E
TENEN M, 1, 3, 118, 3ETHo7. B
BEOBEE, T— 22T NV G ENEED KD K
EVERIEEIRT L. CNEANT—7 D) bERSNT
WRWATEIO &I 7 W72 ToH 5. Precision &
Recall 12k NHEVRD 5.

Precision(i) = # true positive labeled with i (8)
’ 4 samples labeled with i

_ # true positive labeled with i

Recall (i)

(9)

# samples of activity i
Precision 13f35- L7z 1 0D 7 NV 2SIE L\WE[& %, Recall
FE1EDOATTT =8 DIEL K FXVAFIT SN L EE 2R
F. IR YRR G 27T NVDSIEfRE L T AEET
FHIlT 2 DB B 728, AHiTIE Precision Cigim 3 5.

ERLD, WEE A, C, DOFEYINY v TFE (Pre-
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=5

TR ¥ THEE

Table 5 Labeling accuracy.

Subject A
(96.3% labeled)

Precision Recall

Subject B
(94.1% labeled)

Precision Recall

Subject C
(86.3% labeled)

Precision Recall

Sit  [0.923 0.171 [0.588 0.735 |0.477 0.481
Stand | 0.963 0.921 [0.950 0.784 |0.994 0.883
Lie [0.211 0.995 [0.851 0.785 |0.0696 0.0193
Walk | 0.982 0.763 [0.892 0.572 |0.953 0.854
Run |0.723 0.997 [0.770 0.736 |0.935 0.777
Up |0.913 0.828 [0.640 0.901 |1.00 0.900
Down | 0.987 0.941 [0.994 0.912 |0.928 0.939
Ave. [0.815 0.802 [0.812 0.775 |0.768 0.693
Subject D Subject E Overall
(63.4% labeled) | (94.8% labeled) | (87.0% labeled)
Precision Recall | Precision Recall | Precision Recall
Sit 10.770 0.776 |1.00 0.584 |0.752 0.549
Stand | 0.541 0.977 |0.734 0.516 |0.836 0.816
Lie |1.00 0.487 |0.406 0.444 |0.508 0.546
Walk | 0.678 0.407 |0.934 0.532 |0.888 0.626
Run |0.881 0.327 |0.466 0.0770|0.759 0.583
Up |0.914 0.284 |0.942 0.594 |0.882 0.701
Down [ 0.00720  0.0311|0.986 0.933 |0.780 0.751
Ave. |0.684 0.470 |0.781 0.526 |0.772 0.653

cision) 1% 0.815, 0.768, 0.684 T&H %75, W& A O Lie,
BiBRE C @ Sit, Lie, #:5E D @ Down 23K < % o Tw»
B, ZHIIHRE A L COPELLT—FI13E 2 IIRT
X, WEmE L, 1EEOITEDS 2 MIARE L 0947 &
NTVWEWOTHLEEZONDL, RETHOWE L,
TR TF =2 a R FGAY) I TDI AT I B
7o, TEIENDLREFHAFELE 7 XY MIA-> TV
D, 1ODITEIR 2 D017 A Y MGz h, HUAT
L TCWwber A MWD I TAY o7z T 5
EWEAT L. ERSINDTEORBIPwE, THAT

BNEFF et & IEAT BT OB IS BV T, S AR
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EPHAIWIIKREL R, o BRSNS TR
5. F7o, MiERE D L3 B ORE 2 EAMEE L B
D, EEERRIE 2 RORERE & B0 R & L CERRC K
{, ZOHithD Walk &L#ifE L CIEL €Ay T— 3
YBIUIIRY) VI TR R0l Ln L, BERE
D I3 Z OB DA% Down & L Citdk L7272, Walk
2 Down & LTINY » 7 &R, Precision 2VKIFIZT
L7z,

—7J7, WilrE B O¥H TR KSR (Precision) 13
0812 TH Y, Sit & Up 2% T as, #E#E A, C, D
L THL T RTOFTEICB W TE VR (Precision)
ZRLTWD, ZHIHERE B 25 L 727 — % HY b
A, CO¥2EERY), ¥ T AV T —2a Ry FTAY) VT
DIABH o7& LTHUITEED L V2D, ZORBIE/N
LB, 2FD, BWATESNNIZB W T —F DT 74T
FEFICO LG L) kA TF—va v s
AZN Y TDIADHIN ) BERIIEL 25720 TH A
LW D, e zIF2MEA L Walk D9 B 1 [RISHH
SANHRI L ZLIIEZOND., 4EOEEDT— 724
LTLIADFERIEDLLRVET L E 403 AD5E
T5ZEICh 505, Walk 258 [al47hN T, FEA L7 40D
IATRT Walk I3 $T25D0THLZ LTI DL
WV, BB BISRENLELTBY, TS Ground
truth & ZIZFE U TH > 727205 W IEE  (Precision) % 7
L7-tE2zoND,

CDRERD S, AT o TATHED S {, MR TE & &
F R IUEE T XY » THE (Precision) 73551, 5
TEERD 87.0%D T — 5 12k LT 77.2% D (Precision)
TINRY VT TEDLZ Do Tz.

¥ 7, 2 —FOFEEEICIIT o ATEIAR S S NG W
(BB, 7o TWARWITEI % RLekd 5 (38BN, 17572478
O R Citdks 5 [HE#H] O 3O I AHNE
AbMA, ZZTINLDRERI ANT N ¥ FHEEICS
ZAHWEBELRET L7912, Ground truth 22 5 L 72
ATEPRCERIZ LT, ATEIECEE D 0%, 10%, 20%, 30%7A%
HIkR, B0, &S 7ATE RS VT I N TR
(Precision) % &Hili L7z, 5 A OKHERE DT XY v 7§
(Precision) OF¥EEZR 5 1289, Bk, B, &0
frlE, B L 72178, B L OBEERBOTENI IS ICHE
L7z, fER LY, eI R0EPHEINT 21206 T N &
75 (Precision) AMEFLTW5A, $72, 320 ofHIC
HEHTHE WA & (8] BXO [E#] Ll <
P (Precision) OETIEERLHTH Y, TIITARGHG LA
I—FOFRERTER LD D) HEILEI Ty
AT LHEEFESNTED, RLEROBITH L CTiErH 5 2
EERLTWA, L83 AT 30% ClATEIHMRASIEIES 12
FLERL 72D DIEL 2 ), R ORSHIC L SRR ANOR
LTw5h.
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0.85 b
£06 ’%
B2 ]

3
& 041 N
—e— Decreased
0.2 —=—Increased ||
—— Replaced
0 L L
0 10 20 30

Amount of data decreased, increased, and replaced [%]

5 I—WOFHRLBICHRIPEINLLEO TN ¥ IHE
(Precision)
Fig. 5 Labeling accuracy (precision) for activity sequence in-

cluding errors.

FERIZ TR 7EEICET 52— FOAEFIZONT
BEAF P & IS 5. STk [13] CTIRIRETH: L ARRED I
W) v TR RS 512138 10 518 1 B OFTERLERA L B
Thb. T L TREFETIIRL 2178 % 5
K321 ETHY, ZOMHEIF 1 DDOFTEI ORI
HFTHOHMIZIHETE WD, REOHE CIIRET
FIZHRTRRE L., Lo Lad s, BAFETIRE- -
DR Z ToTWARPHEDTTRTOITHICEARA
HREELZTNE RS v, LT, REFERT- 72
TEZL—FOHERIA IV TELOTHRETE S
W, BHEFELY D 2—F~ORHITNEVWEEZ 5.
4.2.3 FREEE

BB, —ETEICI>TIT M FENLT—5 52
WCRBERE T VRS L TITB R R L 2R R 2R Y. [
BFHEE LT, RRKTEOREOUEIELNLHDNR—
ATA Y ERTROIE, TS UERTOC TG bk
WCFEETH G L EROITEICT NUAHT LZBAETH
FEM L7z, FRECIE, 41BN CIRIL 72T — 4 2 W T
B 2L 12 5-fold cross-validation CTaEZimfl & % 27 L 7-.
BTNV T) AL R=- bRy vy e fniz, #
ETEOFMTIEFEE - & LTIRETHETINY ¥
TLET =8 OR%MHL, ITHAHT V07— 13k
WTWh, WETHEOFECIEZE 57— % £ LT Ground
truth TINY Y 7 LT =7 0RE /ML, HEINT
WHEWITEIO T — 7 IEBVwTWnWh, LEFEEB L ORET
FOFMKEE (FH) 2R 6 BLXUR T ICFNEIURT.
BRI, HWEBEFETRELWERTI VAT ERTWw
L, BOEERLTWDL I LRGN L. —F, BE
FHETIIHEE A BL O C D Sit & Lie 2MLWVIEIE 2R
LTWaAD, IR Y ZEEIZSit AN Lie & 77X Y 7&E3h
TBY, TNRFITRY) U IIRBEOHRREL—F L Tnwb, F
72, #B#H D © Down bIRWKEZ /R L TWALHS, Thd
TN Y TREEOMRE L Tnh, HBEBBLUE
FETRTOFBHIIBTEHWEELZRLTBY, 202 A
OB (FE) 12 0.828, 5 ADFHR#HRE (F
) 130738 L% 0, EMOTEIZ I~V E LT
LB LTENEN0.109 K1~ b, 0200 K4~ +od
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® 6 ILLWATEIHHRT T NV L7287 — 7 2 w720
AREE (F 1)
Table 6 Recognition accuracy (F-measure) for training data
labeled with ground truth.

Subject

A B (@] D E Overall

Sit 0.992 0.979 0.993 0.956 0.979 0.980
Stand | 0.980 0.956 0.956 0.889 0.978 0.952

Lie 0.991 0.981 0.996 0.995 0.993 0.991
Walk | 0.926 0.893 0.911 0.941 0.894 0.913
Run | 0.985 0.955 0.983 0.958 0.856 0.947

Up 0.908 0.896 0.929 0.859 0.958 0.910
Down | 0912 0.889 0.917 0.729 0.907 0.871
Ave. | 0956 0.936 0.955 0.904 0.938 0.938

KT RETFETTIOMT LT — % & WO E
(F 1#)
Table 7 Recognition accuracy (F-measure) for training data

labeled with the proposed method.

Subject

A B C D E Overall

Sit 0.287 0.901 0.477 0.788 0.735 0.638
Stand | 0.946 0.943 0.931 0.695 0.943 0.892
Lie 0.346 0.893 0.00889 0.662 0.686 0.519
Walk | 0.882 0.749 0.922 0.485 0.885 0.785
Run | 0.769 0.937 0.981 0.957 0.593  0.847
Up 0.897 0.755 0.925 0.429 0.713 0.744
Down | 0.899 0.902 0.934 0.0196 0.955 0.742
Ave. | 0.718 0.869 0.740 0.577 0.787 0.738
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FL7z. FHlifER LY, THEOTEEED 15~30 50
HEZATEO 7T — 2123 LT, AT =% D 87.0%I12F N
VG L, 7 VDIEfR# (Precision) & 77.2%TH -
720 T, REFEHETIRVNIT LT — % 2EAT—
L LTRBETNEEE LG AEORBEED FEIE
0.738 TH o7z, RO 72 2 BIHEHICEHT S
RIS O FEIX 0.828 TH - 7z, EBIIEBEHOMLE
2H LTI LT =7 EHWEAED FAEIX 0.938
ThY), ZOFBPELILEL TORETETHGE, &
LN TNVIEED TV L LR L CHMEE (FH) o
KTIEH 0.1 THo/zZ & ARMER L7z, ATENEFEHILER
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TEIDO—EBEEERT L5 TE L, TERDF— ¥ EHEUTIC
TENBHRE LS T 2 T B L CHOIUEL B S TH 5.
F 72, T WHITELRRRR & Rk TICELER L 7 Twitter X
Facebook %2 £ DV — 2 v IV A F 4 T E ST & A#)
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