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Fig. 1 Example activity and gesture data from

wrist-worn accelerometer.
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Fig. 2 Example tree-structured classifier.
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Fig. 3 Overview of our proposed approach for constructing a
tree-structured activity /gesture recognition model from

labeled training data.
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= 1 FEEHOFIEERRE (Samsung Galaxy S3 % i)

Table 1 Average computation times for Samsung Galaxy S3

Feature  Time (msec) ‘ Feature  Time (msec)
7ZC-X 0.035 Var-X 0.082
7ZC-Y 0.028 Var-Y 0.076
ZC-Z 0.028 Var-Z 0.072

RMS-X 0.032 Energy-X 0.780

RMS-Y 0.027 Energy-Y 0.787

RMS-Z 0.027 Energy-7Z 1.346

Mean-X 0.067 DTW-X 376.557

Mean-Y 0.043 DTW-Y 365.114

Mean-Z 0.061 DTW-Z 371.219
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a) Original Tree

b) Pruning
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DTW zc
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Var Mean zc
0.08 0.06 0.03

143 377.11 0.15 0.14

c) Tree for Wrist Sensor

4 FHEEME VY TN ZAE2HAVESEOARMERTH /Y =
AT ¥ ik R TR DR
Fig. 4 Overview of modification made to tree-structured
activity /gesture recognition model for use in a

wrist-worn sensor.
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T—REAI—NTI A VIZERFTHILERT /) — NI
TR oNnDd, PEHEEMT AL A LTI ARDEIFR
thkkﬁmT5M@®ﬁﬁﬁbm ARX—bT AT
ARG T DI FEEEER TN Z2DRD D
:ﬁﬁbfhé. F72, PEHESMT NS Z EONME ) — N
FTHELZHEE, TORBHKEROAEZAT T 5V
IZHEEL, U TF—RIZAY— N 74 VITIHEE LR,
TR &Y KIEISEF I 2 BHHEZHIRT 5 Z 2 h
TE 5.
3.4.2 FEEBBRTNAR/AX—KT3VDRTIZLD
B
ER U@, YA ZDNSRFEESET N Z3Y
A ZXDINZ72Ny T ) U ERTE Wz, HEHIRR
HWONKRETH S, I Bluetooth 12 & 5T — X IX[EDHE
BIIE K E <, Bluetooth Low Energy (BLE) %\ 7z &
LTH, T—ROEZEINLTNA ZADN Y TV BRERE
% s%blffIETLES LEbNTWVS [6). EkD
KO D 2175 BOBEZEYNCHREL, Fruiksi
TNA AL CRBIRRITH /Y AF v I T s Y
F—RDFEERITLRNI LT, FT—REEICEHLLEN
HEZ KIFICHIKR T E 5. BARMIZIE, Bz T — X0k
RIZBERHEEEN L CMIZRET DI LT, FHES
BFNA A ETIET—XORERFLL RICE 2 HET 208
b T, BOOIZAY— b 74V ETEFIRDZI N
f%é FYHBEEMT NS 2 L THRBPRT LEEIL,
DRBAERDOAE AT — DT+ VITEET S, FHilkkER
i%®7~&$##%_mé<,ﬁ@yylz%v&ix
DEECETEHE, log(C) By bDA—X =275,
ZAXITE )Y 2 AF ¥ 7 T ADED 256 DEHE, 131 FD
F—R—TRHTES.
3.4.3 EVHT—IXEBEICBITBEEET—YEHRBDOYR
BLE 70 b 2V & X V¥ T —XOREFIZHWEE, N
Ty RITEITHRKRT20 N1 ORI A=FF—& (F—
ZDAKR) IZMAT 191 DA =N~y RREEFE I
% [5], [6]. 1HHOMEET —X2D 1% TR 10 €y b
TRHINDIGE, 3WOT—2Z2&5HET30E Y hDOR
A= RFRTF—=XPpELLRSE. 1 DOEIRT 50%4 —/N—
TYTDATAT 471 Y NUEHWEZE E, 100Hz
DEVHF—RZDEE, 120714 RIDF—&X %2 %E
TB-DIZ 188 N1 FDRAI A= RTF—XNEEINS.
(B0%A == v TLTWBED, 712 FIHADESD
F=XEXENZLV.) TOF—XI1F 10 f#D BLE /7 v
MZATTEETEIBENE LD, A—N—~v N2 E&
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DTN FDOT—XDREEINE. —FH, FEHEE
FNA A LTHB/Y 2 2F v ORBHFET LBHAIRT
OFER (1 X1 ) OAZEREET E720, F—N—~v V%
HEOHT20 N1 bOAVRERFIND. ZHIZED, 94.7%D
T—XRBEDOHIEAERTE 5.

F7z, KFETIES50%A—N=F3 v TOAITA T 1~
T4V EIEHVTWS D, FEESEIT NS AN 1
MIEDDY 4 Y RUDTFT—RE2R2TEET IHEIRRN. Z
L, T Y RUDARED T — X PBEIRZIO Y 4V KU
DT — REEDBIEEFFEADZDTHS. LrL, #D
AN B WTT — R EM TN - 7256, PEHES
RITNA ZEARED T — R B EETHE2HENH L. Tib
5, 10D BLE /87w N 2EBIMTEET2BELD 57
b, FERMEN 2520, RO INTEIESE U
TULES. LWL, 1HONTY N2EETHIDIZET S
FEfIX 0.72 S UBRBRES LN TE D, 10Dy b %
BEEUZE UTHBIEIZEMNT T2 IUMERD, TOE
JEITFER TN .

3.4.4 FREIEREELHOHIR

Z < DfTENE, HARERRMERL TR 5. filx
X, SLATER SR ZehLniEs 5. FEE
EMTNAADRSZD LS i U MERE2F L dTES
T, WENATY NEEET A Z LN TE DD, Rl
BEVTNVRALIAY—= DN 74 VIZEEFETERL 2B
EMEU S, ZZTAMET, RilERE2MHATSET S
Vr—YavizkoT, #RELELTIMENIERSEZ

IZEHT A, Bz, YVAFYALaIT U REHES &
SKRTTVr—rvavid, Vi AFrORBEREEY T
RALIBEL T L7755, —f, TEIRMERE2EHT
L5554 7070y 7V r—vaviy, V7R
A LEREBREE LW, ThbD, UTLRALICKHERE
REETHIMBEOL VR Z NNy 7 7 T L, #Y7R
RAIVITELOTRIFET DI TEBIZHET HHEE
HEHET 5. BRT 20 DR (1 DOfEIX 1 AN
A N) ZFLOTEDLIELT, FOHEEXSFECHAT
400 N1 IS5 39 NS FNFETRET—REEZHIBTE 3.

4. FHMEER

41 F—4%Ev b

S, FEEEM TN ZBEED SR B E T L
7oA SEER D 24T 5. ARIFZETIE, 100Hz DY > 7)) v
L—1t%235D3HEEZERL -tz v — N2 H
WTTF—XZ2NEL. oY/ —RiZ3 AosinEos
FHIZEELTE 5 o7, ERTI, ThThosmEn
R2IRUEGFHE YV AF Y25 VR LRIETO @
DfFSkyvarvE 10 BT 2fFko7z. RIRTTHE
VI AF i, BEOMETHVWONTWVWEEDESHIC
BATZ.
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x 2 ERTHVAGH/VzZFvyDV AL, (IyIRNETF—X
Yy MIEEND A VARV ARDLHHE)
Table 2 Activities/gestures performed in our experiment asso-

ciated with proportions of instances included in sensor

data.
activity gesture
run (18%) left to right (1%)

draw on whiteboard (19%)
wash dishes (18%)

write in notebook (19%)
brush teeth (18%)

right to left (1%)
clockwise (1%)
counter-clockwise (1%)

down to up (1%)

H|g|lQ|lm| >
= E Q|

4.2 FHEAE

RuFFETIE, [leave-one-session-out] 22 ZEMRIE % FHWT
Fliz T o7, Thbb, 120y yaryaE2FANT—
X, D 9DODEYyYavENL—ZVIT—RELUTEK
EREEITD . BEFIEOEMMEOFTMD-D, LD 3
DOFEABEFIRIIMZ THEL .
- Act: ZOFIETIE, TEIFRRIC MW S 0 5 R
DAHAVTIERTHEBEITS. Thbdd, DTW AW
N, BEARIZIE Weka T—X A = 7Y —)bFw MZ
FEINTNVWD C45 (JAB) EARE T 7 # )V h DEETH
W7,
- DTW: ZOFEIEDTW 2RIZU 72 kEFERREIZLD
RiBEITD. ZOLE, TNTHOMOT—RIZH LTk
EFERBRET, 2B TR RS R 2 IET 5.
- Tree: DTW DO#fER & BUED R Z ILIZH WS C4.5 Y@
AREEEL, FHBHAVWSE, ZOFETE, TART—X
YAV NHEE L2 — R OATREGEH RIS T b
5.
- Proposed: AREFHETH 5.

I o DOFHEOFMICIX, EHFHEEHVS. 72, &
HIAPMLULTH, Galaxy S3AY—h7 4> T120DF
ANT=RET AV N ERUIET D200 5 YR %
W5,

4.3 R
4.3.1 R—RATA VFEEDIHBREE

® 3%, Act, DTW, Tree DSFHFELFHEIAME
T FERICETEY, Act FEHE X bR AEICHAT
WB D, ZFORBBEIIMELr -7, ZhiE, FEIA D
@<L, Yz AF v ORBMITEBT 2 DTW & H DTN
7-HeFEZ5. —5T, DTW ® F{liZ Act (2T E
LTWaA, X MIFEEIZE. £/, DTW OF
L Tree IZHARTEZENIEEEL D o7, FZ, Tdraw
on whiteboard] & Tclockwise] D F fEAME» > 7. Tree
D FEITED» - 725, FHHEIZXNBRKICED? - 7.
I CA5 T TV X LWERAELLD K E W2 E 4
ERISGEW — RIZAWS XD IZAREFERT 5728, DTW
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£ 3 Act, DTW BLU Tree DFMHE IR MLV F fil
Table 3 The computation cost and average F-measure for
Act, DTW and Tree.

cost (msec) avg. F-measure

Act 0.38 0.892
DTW 1112.89 0.932
Tree 388.14 0.962

ZHWZFHEEBBRIGEN  — FIZRES N1 6 & F
A5, FEBIZ, Tree TXDIEHRINAZETORIZENT,
DTW Z W89 E BB moT\Wi=, ZHhizky,
ETDTAMET AV N Z2REBT BB DTW 23FET I
N5, FAEIAANPELRE. UETIKIRETIETH
% Proposed & Tree DFHE I A b5 K OEH FE % Mg
5.

4.3.2 REFEOHER

K AREFEOMEREZRT. DITW 2HW /-39 #
DorEIFEF 3.3.1 iR SHEARLTEY, %
NFNZT LI Tree LR U-EEIZA M EKEEZRLT
W5, HlZIE, IA NP 15.1% OBE, Tree & AR TEHHA
AR I5A% A SNTWEZ L 2RT. £/, F4
IIEEEZ 2 X ez 2 D/RERLTWS. 22 TH
B IFHAARERFREIAN (I V) 2RL, BEFIEZ
BEL D IAMDNEL, BRIV A ADNIWKREHRIT
5. ZOBEICEOARDOFEIA N2y bE—)LHRET
Hd. £4DEH3IOOFERD, IADMEK 15% FEEIZAK
WL OMMEZRELHITHS. 7z, Taccuracy(%)
w/o voting] 13§ FE RO AR 2 KN LR WIGEOKE
EERT. ZZTHEkE Tree D FEH FEE L 7-
HBETHL., INs 3 O0FRTIE, I X M2 15% BE
WETHIRLTWAIZHBH 5T, 96 » 5 ITRFEE DK
EHEZERLTWD, £7/2K 4101F, KiZEENE/—F
D EHE R LTS, Multiway D3EIHiEE W25
&, RKIZ&EEND ) — FELBRENI V., ZhiE, 12D
J — NORIEEBL 720, DD ) — ROATHHHE
BEOEWAEHMETES NS LERD.

T 512% 4 D Taccuracy(%) w/ votingl 1Z1F, FFFEER
DIEREZEN U2 HEORRERL TV, EROENE
TOZLTESITHEIRMEL, 98025 100% DK % %
BLTW3.

F412E, BEE RIBICNS SFEEL (25 S VD)
HERLTWD. Multiway R I A M2 2.7%I2E T
HIE L7295 2, 99.8%DKEILEERLTWE. 2.7%DE
BaZXME, 105 I VPOFERMICHIEL, KiRIZEHE
JAMZHBTETCWBIZHEEOLS T, BVRMEE 2
HER LU, EABRUZEY, Multivay 13 NENDOITE]/
VIAF Y I IFAZTLIZDIW J — ROK 2R 572
b, BVFHRIANEZERL-EZS. £/, WHEZE
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R 4 TreelZX9 % Binary, Multiway 8 & Multi-subset ®
A IA N EEY F DR (%)
Table 4 Costs and accuracies (%) for Binary, Multiway, and

Multi-subset when compared with Tree.

accuracy(%)  accuracy (%) avg. # of
cost (%) . .
w/o voting w/ voting DTW nodes
Binary
15.1% 96.6% 99.2% 4.6
TH =100
Multi
wneay 13.4% 97.9% 98.7% 1.7
TH = 250
Multi-subset
WSS 17.6% 96.7% 100.2% 3.2
TH =100
Binary
2.8% 95.9% 96.7% 2.9
TH =25
Multiway
2.7% 97.0% 99.8% 1.5
TH =25
Multi-subset
2.0% 95.8% 97.3% 1.5
TH =25

#9452 & TR 53%DREER LA FEBEL TW\5 (88.9%7%
5 94.2%). X ST OFER, TEIHIGT 5T AV B
D5H 1L.5%DAMN DTW 27/ — RZ2EREL T\,
Tabb, BEFECIVITHORMIKESEBL AR
W DTW OMEZ HERIZHIETE T\, —FH, Yz A
FYiIZWHETEET7 AL D55 59.7%H DTW %Wz
J—=RZBEELTWZ., ZOHERS, W<DI2PDY A
F ¥ 77 ADREHITIE DIW 2HWT &3 & WK 2354
TELHDLEZDL. BEFETEINZEHBNIZ ML —
VT TR FEL, BEBETNVEMEL TV

5 &bHYWIC

AR TIETH L Y = A F ¥ 2RI e 8 U
WEREEDRFE 2B I ooz, EFETE, ThthoR
WUV S N B RO B Tk & BT U 72 997 3 3 2 1A
MAEL, AMESITGU THEIGHIZ S FEEZ2ETT L2
&T, FMEaANEMA M ER U 7, FHME
Bz &0 REFROARME 2 ML .
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