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Abstract

As of 2019, major ways to operate electronic devices in front of the eyes are manual
operation and voice operation. However, in the situation where hands are dirty and you do
not want to touch the device or you are holding a baby, you cannot do the manual operation.
Therefore, when hands are occupied, operation by speech recognition can be considered.
However, with speech recognition, when operations are required many times in a short period
of time, it takes time and effort to say the same words repeatedly. To solve this, Igarashi et
al.[1] proposed a device manipulation method with speech recognition using tonguing, a
tongue-based rendition style in the performance of a wind instruments. However, even with
this method, it is impossible to solve problems such that speech recognition is required for
every single page of an e-book with 200 pages. This means that it still takes time and effort to
use speech recognition many times when operations are required repeatedly after a certain
lapse of time.

Then, as one of the methods in which neither speech recognition nor manual operation are
performed, various studies on using feet for performing operations have been conducted.
However, many of the previous studies require preparation of dedicated devices, which
requires time and effort. On the other hand, Scott et al.[5] studied the gesture recognition
using smartphones, which many people carry around on a daily basis. Their study investigated
the recognition accuracy of the gesture of the foot on the side of the pocket in which a
smartphone was put. However, the recognition accuracy in the front pocket was 60.2%, which
was not high enough. Here, since smartphones can be placed at various angles and
orientations in a pocket in everyday situations, the direction of the sensor's axis would change
when they are placed in a pocket at angles and orientations that are different from those
observed when the dataset was built. This may affect the recognition accuracy, but Scott et al
's research[5] did not consider its influence.

Therefore, the present study proposes a two-feet gesture recognition method considering
the change in position of the smartphone in a pocket. In our previous research, we constructed
the data set and calculated the recognition accuracy in order to verify the recognition accuracy
of the two-feet gesture in a specific orientation. As a result, the F-measure representing the
recognition accuracy of gestures by both feet was 0.93, which confirmed the recognition
accuracy was high. Then, we developed a prototype system based on the result of the data set
construction, and conducted an experiment in which the participants are asked to read
electronic books using the system and evaluated the system. However, the post-experiment
questionnaire reported that the recognition accuracy that the participants felt was not as high

as it was expected . The reason for this would be that the recognition accuracy when using the



recognition method proposed in the previous research was not as high as it was expected by
the users. Another possible factor is the slowness of the time for recognition. In the past
research, we conducted a questionnaire about how long it took the system to recognize
gestures of both feet during the experiments. As a result, it was revealed that 7 of 8
participants tended to feel that it took the system long time to recognize the gestures. This
seems to suggest that the participants felt the slowness of the recognition as a bad recognition
accuracy. Therefore, in this research, in order to further improve the recognition accuracy,
we reviewed the feature vectors and classifiers and improved the recognition method. For
recognition time reduction, since recognition is performed within the limited system response
time, the number of used frames after starting the gesture is reduced. Also, since recognition
accuracy may decrease due to a decrease in the number of the used frames, we considered the

improvement of recognition accuracy by using gesture data just before starting it.
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I D b D ICHHIR, FRNEFNL—TEDO 7L — L%+ 2. g Tlcik i 23T o 720F
FeTIL, v v ZTAREEBUL 30[HZ] TH Y, FHE~ 27 bV IZEE Z 8 2 72 R X Y i 9 7

5% 300[ms]) &, D 16 7 L — L5(H) 540[ms])DEF 25 7 L — A & L TR
7 MAEAERL, Y2 AF X RAHBML TN ZIT, BAETToET— Xy MEET
i, v 7Y v IR 30[Hz]2* 5 SO[Hz]ICEHE L CT\wb, 22T, AffRICEWTY
BRIMEZ B Z ZZFFE X 0 S RTD 15 7L —24 (8300[ms]) Dvv > v T —2E, D277
L — 24 (#540[ms]) Dit42 7L —LDe vy v ST -2 2T 3.

BRIV 2 AF Y L ERICEZY 2 2F v F— 20 Tl, 4% 2 7B

=T Y Y I F—ZH 5 100 7 L — 245 (#)2000[ms]5y) OF — X i+ 5. *
LT, ZD100 7L —L53D7T — X &23ic, WA DHELZHELBA RO 7L — L%
WEL, 7, ffIRED vy v 7' F— 2D TlE, Y2 AF v 2RI 2541V 7
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LV HTORE#F Oy > v /T =2 2T 5, 207, P AFYHEAXA4 IV I 00
102 7 L — g7 (9 2000[ms]f) 2°5 61 7 L — LRHI(HI 1250[ms]ii) £ TDFF 42 7L — L%
DV IT—XEFEHLT.

h.3. ’l‘_¢r_ He n;ﬁfﬁ

Y x AT ¥ RO MERERHI T, {ERTFIETH 2 mAME - /MBS XD AR L Z2FHER 2

e ZNEND GBI DMAG DEIC %iémﬁﬁﬁ& RNAE - foIME - FEE - ke
EICEVAERLZFEANZ PV EZNTNOHFERICE T 2EEEZ KT 2 2 ik
0,ﬁﬁCi5VIXTkmdiﬁ%&%?éf®®mﬁ$$%@J?5 72, HWEIT X
L5V AFXRBMDED RV IRLEDL LWFEFHICHF G L TR0 THH L DI
5.

ST 2 BRI N T TOR 2 ORAEETE L 72, HFEICO\WTIE, Random
Forest &, SVM ZHw 3. S [EIfEH L7z SVM & Random Forest DREskICFEH L7274 7 F
V%, scikit-learn[48] % {#H L 7. SVM & Random Forest ICEF 53T X =X ZZnNZ T
T ANEDNTRA=REFH L, KT, BN LZFER 7 Pricsn T, v v3o
HEOREXICXZRMYICK VBB EICEZ W ELERL, ZORHRI P VOEZER
WAL L7z, 7z, FABECTIT o727 — Xty MEECEEGRICE Y =X F ¥ 100 [, L2
ICX DY AT % 100 HOAF 200 [FY 2 2F ¥ %2{ToTdboTHY, RiffFETiIy =
XTVﬁﬁbﬂéﬁ@hmm% FREIREE &LTW%LTW5f® FAHRIREE D 7 — £ 23 200

DIEIEST 5. LA L, 200 M OFREERZ Tl 72581I01E, Y2 XFvyDT— 28
‘&%%®T—ﬂﬁ'ﬁ0#$u<bim &%%T@mﬁﬁﬁ#/leV@fﬂ
R I LRBIEE~GEZAERKEL > TCLE ) 20, FHIREEDT — 228 100 M4

:fJ:%J:? :7\/57""&\/7)‘/7%17‘07’:: Z T, nuu&*ﬁﬁa)ﬁtﬂa)lz i 300@
DF =2 (ERICEBY 2 AF v F—2100 [y, HRICEZY = ZF ¥ 7 — £ 100 [E]4)

K2 VAT v IR L 2R
L
X i« Y il - Z ifyoo s A
XU - Y $il - Z oo [ B fE
~ A 7 TR K EE O JEEEL
~ A 7 CRZRKEE
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K3 ZTNZENOEBFEICH T 27058 (Previous: i KTk, New i L Fik)

SVM RandomPForest
Previous 1 New Previous |1 New
Precision 0.9820 | 0.9838 0.9848 | 0.9863
Recall 0.9811 | 0.9833 0.9844 | 0.9856
F-measure 0.9816 ! 0.9836 0.9846 1 0.9859

HHIRIED T — % 100 [014) 205, ZNZEN 8 E DT — £ (240 [M5r D F — 2) & AW THEE
v, Yo 2807 —% (0507 —%2) ZHWCREEEORH %7572, 60 [
HOT—Z2DOMMHTIX, T2V EEEL, ERICXZY 2 AF ¥ T —%% 20 [y
LGRICKDY 2 AF v 7 — %520 By, FFHIREED T — 22320 Ml Cmd X5 T v &
LTENEN 100 M5 DF — 2 2 bl L 7=,

b4 R -ER

FK3IDBK T 7 AICET B Precision GEAR) DOFIH, Recall (FFIR¥E) OF¥E, Zh
5 DO¥EEE b & ICEH L7z F-measure (F ) OFTH 5. 3£ 3 ICE W T Previous & FHD
NIRRT ETD 2 AME - s/ IMETHEB L 2R 7 P vz v 72 R o 8500 B %
KD7zbDTHY, New & EDPNTHNBIREFIETH 2 mAMHE - m/ME - FEfE - hRfET
B LR PV WZIROREERE TH 5. KR4~K T 13X NZENOFE & R~
7 rvOfflaEbeEAWTEE L2 15 A oRRATY 2 &8 L ZiRR{THICH 5. it
CREIY, ZNENERICITONZY 2 2 F y Ol L, BRI Ny = A F ¥ OffifHE R
LTw3, RIFMAZicEhZhoFiELFEEZHW R L ZRRTITH 5. &

91%, K 8 T d WA EMK D> o 72 il /13 O D Random Forest & IR EFiETHM L 72
Frg~ 27 PRI L ZRFTIITH 2. RI10 PREFEICIVEKL ZFE~27 bre
Random Forest Z I\ TH L 72RO IE~DRBEOFLEH LK LK TH 2.

% 3 OfEH 25, Random Forest & SVM O Z N Z D FET, ERFETEML 7FFEL
X7 MG EOREEE 2, REFECLVERLEZFEN7 PrzHvEo#
A DS Bl o Twa, R10 0260, <4 75O v Hicks T FEE - R E2352
R BE D U f%’%"@?f‘/‘%f’@ﬂ(%bf‘/‘% EEZOLND. ZDRE, FHE~ 2 P i
DWW, BIfFL 728 0 ISR TFEIC L 2~ 7 P A Tid e, REFEIC XV FE~ 7
FVEERT S &'Cuuuﬂd%ﬁfﬁ WELZLEZONSG, w47V HICBWT, BEDR
KELNDHE LML o 72K & LTlE, ~4 7 DB IS ORI CTH 5720, HIMH
Doty HLiFE Y, Y AF YL Y 2 AF v E L TOARVEE TR UERE Z-oTL
Fo/h®d, FHEEN TR o7zLE2LNE. 7, /MEDFEE MK 201, FEfHE
EHIMEDRHE IGEEN 270, FIEEL T IEOTFLEED TR eFELLN 5.
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KETI3, le%«?@uw&%a}#%aﬁz%?z) ZEEHIE LT, DFEHERTE CTHe o
T\ % Random Forest IC X 238 FiE 2 et L7z, 2o/ e LTid, X300 5 L9
I, BROKME & R/IMEIC X DQEWLf’fH{%ﬁ'\‘7 FLERWERE, REFEICKVAERL 725
W7 AW OEEE 1, Random Forest Z W72 RO E D HF B E D - 77
D, RBNEEDOERDO T TH 5729, BB TFEICL 22 EIRZ T bR o7z,

PR WTER L 72 15 A5 O RFE{TH

#F 4 SVM LItk DR~ 2
EE GRS
* £ (527
* 294 2 4
pan 2 295 3
(53 4 2 294
#5 SVM LIREFEDHM~Z A ZHWTERL 72 156 A DT
e RES
* £ (527
* 295 1 4
£ 1 298 1
(53 5 3 292
F 6 RF LHEEDEFE~NZ A2V THEE L 72 15 A0 DiRF{TS
A R
* £ (527
* 296 2 2
£ 3 296 1
(53 6 0 294
#7 RF LEEFEOEHM~RZ FA2HWTEE L2 15 A5 0 RFR{TA
GG GRS
* £ (527
* 298 0 2
£ 2 297 1
(53 8 0 292
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H

S FHE O
K8 INTNOEBTRICH T 28 E (F i)
(Previous: {3k Tik, New R Tik)
SVM RandomPForest
ESL A YAk : ] ; ]
Previous | New Previous | New
A 0.9837 : 0.9837 1.0000 : 0.9837
B 0.9837 1 0.9837 0.9837 1 0.9837
C 0.9837 | 0.9837 0.9837 | 1.0000
D 0.9500 ! 0.9837 1.0000 ! 1.0000
E 1.0000 1.0000 0.9837 | 1.0000
F 0.9837 : 0.9675 0.9837 : 0.9682
G 1.0000 1 1.0000 1.0000 1 1.0000
H 1.0000 | 1.0000 1.0000 | 0.9837
I 1.0000 ! 0.9667 0.9837 ! 1.0000
] 0.9837 0.9837 0.9837 0.9837
K 1.0000 | 1.0000 1.0000 | 1.0000
L 1.0000 1 1.0000 0.9837 1 0.9837
M 1.0000 | 1.0000 1.0000 | 1.0000
N 1.0000 ! 1.0000 1.0000 ! 1.0000
0 0.8548 | 0.9010 0.8833 | 0.9024
# 9 RF LREFEOFHHIRZ PArZHWTHEEL
Fhkt 1 O ORFIFTA
Ao
e tH ik
Ie 18 0 2
1 1 18 1
e 2 0 18
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EH T E o %
72 10 Random Forest O Z2#H5 E~ DR E D % 5 (%)
] /M 3.427%
T .
P fiE 1.851%
e | 0.949%
- /M 9.650%
— T I
P fiE 1.639%
e | 0.388%
] /M 5.972%
T I A i
P fiE 0.588%
e | 1.434%
] /M 9.674%
T . D
P fiE 6.360%
e | 2.356%
- /M 1.982%
. T .
P fiE 1.267%
e | 0.534%
] /M 4.584%
s L K| lo1sew
P fiE 8.655%
e | 4.656%
- /M 0.016%
T
________ ﬂ?f'ﬁ]ﬂﬁ 0.054%
i N 0.019%
________ Hi/J\ﬂE 0.022%
BkEE mAW | e
P fiE 0.134%
rh il 0.100%

23



%fﬁgb{/ﬁ%ﬁﬁ 2 unuu&qé‘(f

H
(@)}
i

%6 % %ﬁéﬂ'flﬁ%ﬁﬁ W52

o4 BETOHRANEY, RIS H 0 2 REICRED H o7z, 22T, KETIIRETD
200[ms]LAPNICHI R ¥ = R F ¥ Dk % AlAE & 6 LR 21T 5.

6.1. /T =

Z T, Y AF vl T 2 REE 2 FHE T A FiE A MGETT 5. 200[ms]ANIC Y =
AF ¥ HBHET BT, T—FHRY = 2F ¥ ZHIE L 72K 2 & 200[ms]LAFE D 7 — £
B B TERVEZD, PHRWVERP OV 2 AF ¥y OR#MEITI LT D, ZDEA
'ﬁ,%S%Mﬂ%ﬁhdeé%Tmf NETOTHEEHERSE &, ¥V XF v O
EAMET T2 eRnELLONS, T2T, 200ms]PAED Y = 2 F v F— X 3fEHTE 2
B, VI AF xR ZEANCEERCITON I 0BETH 3 FEEHEDO YL v
T—=2%FHT LT, THREMFZHCEVKIVEBBEE S A2 nELbN
5. ZOfERL LT, ThETOFRLFECRHARELZH L Z2WGEIc, PHEIFoY «
ZF v TF—2E, INETCOFETCHVAEY 2 ZAF ¥ T -2 X0 LEVLHREOY = X F %
T—2%FHT22L T, RUMOREEECY 2 A Fy2#Ts2enTErLH
7570, PHIMEEZFIHL2FEE2H 5 2 LT, ZlEEZ2EHRT2 R TE L LE
Abib,

6.2. MEREFHIE

THHENE 2 Vv 72 58 Bk o thRegatifi < ik, FBiffFovvy v v 77— 2 2R3 5 C
T, ML WTAER L RN 7 P2 7250506 L 0 b BRI 25 < 72 6 2
ZRGEET 5. SRFEHT 22 vy STELRILTHY, FHT IFREEIIE S EoMfR
2 b i KB & B/ ME, FEE, FOREZER L2, 3 2 28R IcowTil, B 5sETH
\»7z Random Forest &, SVM ZfiHI L, FHEH~ 27 L OfEIZEEELL T 3

6.3. RERHER - ER

7% 11 %* Random Forest & SVM ICHB W T, Yz AF ¥[BEL A I v 7L VREO7 L — L4
&, Ve AF x4 I v D7 L -, ZNUBO T L — LB 7 L— LB
TR 7 P Z AR L, R E %5 L7z F-measure (F ) TH 2. ¥ = A F v[llh
ZAIVITRKED ) =Y BREEIIKEDER L —H L 24 I v Ths. SEEHL
TR E L, RONE - IME - CPEE - hIMECH B 70, 7L —LofREn2 7L —
LR DEEL, RAKMEE R/MES L TCLE S 729, ZiElEOREH IIfTbRd o 72,
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THEIE % o 72 38R T ik

H
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K1 DFROEFRTRRIN T EEINE, Y AFyBlEA A I v 707 L—-0¢E, T
UMD 7L —2 G0 7 L — 280 R — DR~ 7 P rvodT, &b B2 &
TeRRLTWVS, R 12 IETHEFZHVRWHRAGDE O T b BB &0 5 72
MAaGbe el LZRRTYITH 2. £ 13 I FHEBEZHCEHA6020H T, &
G DS E b o Tl A B b TR L ZRFETYITH 5. K 14 135D B2 &S0 -

eAlAGDEICBIT 2 ERGNE LOFBHEZRL-RTH S, £ 15~FK 18 IIxd
R Em D o A G DT EHOCCER L 2B E o T, ¥z AT v OREEE
DEFICE D 5724 ADFERTH 5.

AR THEE Ly X7 LADICERFQO0msDUANTY = A F ¥ 2l T2 ¢ 2 H
MLTW3720, 2—FBY 2 ZAF 2% LIED T2 ORIETDH 10 7 L — A3 200[ms]) LA
WY 2 AT X BT 20BN DD, ZD=0, TOEM 2T L-hCRd HOEER -
2DE, YRAF ¥ ETBHMDI0 7L —LE, VAT rERLIRDET7L—LEZ UK
D7L—L%EL 10 7L —LDMAEDERRDEVEHBBECH- 7., TRV AT ¥
LR -7 L =0k, ZNUBO 7L —L% &0 10 7L — LS OAEDEICENT
b, RTCOMAGDLEICENWT, Y2 AF ¥ ZRIKET 2O 7L — 25258 2 &I X Y FEH
WERmEL. £ 12 &£ 13 0RFETI2 6, PREEXFIHT 2L chHREICL DY
T AF ¥ LFIRIER X 0 IEMEICRE T 2 C e KB X S icm o7 2 L DEHNEE 01

FicFHFHE LW EBHL 2 E o Tz,
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% 11 Random Forest & SVM ic &1} % F{&
(EEBFRVEALEFR—DHBE 7L — L2 FH LT3R CRIVBEEITVHAEDEEZEREL TV 3,
ewh - mT 7 L — NERAEL, B %R L — LR

RF 0.758 | 0.775 | 0.800 [ 0.827 | 0.837 | 0.850 | 0.869 | 0.870 | 0.881 < 0.925 ¢ 0.970
- SVM 0.739 | 0.750 | 0.775 | 0.801 | 0.808 | 0.831 | 0.850 | 0.862 | 0.877 p 0.931 p 0.956
RF 0.737 | 0.753 | 0.780 | 0.820 | 0.839 | 0.837 | 0.858 | 0.869 | 0.883 | 0.888 5 0.939 % 0.972
' SVM 0.723 | 0.745 | 0.783 | 0.787 | 0.807 | 0.812 | 0.831 | 0.844 | 0.864 | 0.879 < 0.938 < 0.956
RF 0.707 | 0.730 | 0.771 | 0.791 | 0.802 | 0.811 | 0.838 | 0.869 | 0.859 | 0.876 | 0.885¢ 0.929 ¢ 0.961
- SVM 0.702 | 0.716 | 0.750 | 0.766 | 0.797 | 0.813 | 0.808 | 0.835 | 0.849 | 0.869 | 0.889 » 0.936 » 0.957
RF 0.715 | 0.762 | 0.776 | 0.789 | 0.820 | 0.834 | 0.847 | 0.842 | 0.876 | 0.875 | 0.871 < 0.941 < 0.965
> SVM 0.711 | 0.734 | 0.755 | 0.784 | 0.793 | 0.814 | 0.814 | 0.838 | 0.847 | 0.874 | 0.887 ¢ 0.940 ¢ 0.956
RF 0.744 | 0.744 | 0.792 | 0.780 | 0.811 | 0.833 | 0.838 | 0.851 | 0.873 | 0.884 | 0.893 p 0.933 p 0.973
: SVM 0.727 | 0.734 | 0.760 | 0.779 | 0.800 | 0.816 | 0.822 | 0.837 | 0.854 | 0.871 | 0.879 & 0.933 & 0.960
RF 0.728 | 0.745 | 0.782 | 0.786 | 0.810 | 0.834 | 0.830 | 0.854 | 0.866 | 0.869 | 0.891 < 0.943 < 0.970
> SVM 0.734 | 0.739 | 0.758 | 0.778 | 0.792 | 0.821 | 0.827 | 0.840 | 0.855 | 0.865 | 0.878 ¢ 0.934 ¢ 0.960
RF 0.735 | 0.747 | 0.769 | 0.802 | 0.807 | 0.825 | 0.832 | 0.845 | 0.876 | 0.887 | 0.891 » 0.935 > 0.969
o SVM 0.736 | 0.756 | 0.761 | 0.785 | 0.800 | 0.816 | 0.827 | 0.842 | 0.852 | 0.860 | 0.882 < 0.937 < 0.962
RF 0.709 | 0.762 | 0.783 | 0.789 | 0.822 | 0.825 | 0.833 | 0.839 | 0.866 | 0.892 | 0.888 ¢ 0.939 ¢ 0.967
¢ SVM 0.745 | 0.751 | 0.764 | 0.788 | 0.799 | 0.812 | 0.829 | 0.837 | 0.851 | 0.863 | 0.878 » 0.936 p 0.960
RF 0.718 | 0.759 | 0.775 | 0.805 | 0.809 | 0.824 | 0.841 | 0.856 | 0.864 | 0.886 | 0.879 & 0.936 & 0.970
o SVM 0.754 | 0.757 | 0.772 | 0.787 | 0.797 | 0.816 | 0.826 | 0.838 | 0.853 | 0.862 | 0.880 ¢ 0.935< 0.960
RF 0.740 | 0.753 | 0.765 | 0.777 | 0.814 | 0.830 | 0.831 | 0.846 | 0.853 | 0.878 | 0.894 » 0.939 ¢ 0.967
’ SVM 0.734 | 0.751 | 0.771 | 0.788 | 0.807 | 0.817 | 0.824 | 0.842 | 0.854 | 0.868 | 0.877 > 0.935> 0.959
RF 0.725 | 0.757 | 0.773 | 0.797 | 0.803 | 0.821 | 0.843 | 0.842 | 0.860 | 0.878 | 0.897 < 0.937 ¢ 0.962
0 SVM 0.754 | 0.747 | 0.772 | 0.794 | 0.805 | 0.823 | 0.829 | 0.844 | 0.859 | 0.870 | 0.882 ¢ 0.935¢ 0.959
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® 12 Fliagh{Fz vz wila g bE ot

Sk FEGNTE 4585 > o 7o AL b & TR L 72 15 A5 DRI

A
x fi F
= 266 4 -
il 12 268 20
o 26 16 258
213 PIBIER IV 715 & D¢ O Tl AT 23 2o 72
Ha frb & THI L 15 A5 ORI
i
r i il
= 266 7 -
il 11 272 17
o 23 10 267
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FEENE % > 72 BT iR

F 14 RODBHERE - 2lAEGDEICE TS
FER 1 & DK E
Random Forest
Sl 1% — :
Precision : Recall : F-measure

A 0.9349 ! 0.9333 ! 0.9340
B 0.8101 0.8000 0.8050
C 0.9516 : 0.9500 : 0.9508
D 0.7472 1 0.7333 1 0.7402
E 0.9365 | 0.9333 | 0.9349
F 0.8376 ! 0.8333 ! 0.8354
G 0.9841 , 1.0000 0.9920
H 1.0000 ! 1.0000 | 1.0000
I 0.9379 1 0.9333 1 0.9356
] 0.8865 | 0.8833 | 0.8849
K 0.9333 ! 0.9333 ! 0.9333
L 0.9349 | 0.9333 | 0.9341
M 0.8088 | 0.8000 | 0.8044
N 0.9127 1 0.9000 1 0.9063
0 0.8541 0.8500 0.8520
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K 15 bR ® 0o A G bE DR~ P %
Fh TR L 758815 1% B DRFITS

HIE KGR
s 8] (B2
s 17 1 2
8] 3 16 1
i 4 1 15

# 16 i b i A3 @ 02 o Tzl o & DR~ 7 F v %
FI TR L 7 528&15 1% D DiRFITA

HE AR
* £ (527
* 15 2 3
£ 3 14 3
TRk 5 0 15

K 17 i b il 3@ b o Tzl o & DR~ 7 F v %
F TR U 7 528R1 1% M DR FITTA

HIE KGR
s 8] (B2
s 16 0 4
L8] 1 16
TRk 1 3 16

K 18 b K ® o el A B b E DR~ P %
TR L 7 528&15 1# O OiRFTTS

HIE KGR
s 8] (B2
s 17 0 3
L8] 1 17 2
5 1 2 17
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BT % —EBOBMERED LI-FRHETF &

FSETIIPIRORHNZ & ICED T /-0 10, FHEE DFEE 2 72 1TV, TR0 R
WEEIT-o72. 2L T, 5F 6 ETIIFRHKI ﬁ)ﬁ)%hf"ﬁ%%ﬁ%{ﬁ?%f&b I, VIAF v RIRD
% 1B IC RIS bh%%x@%ﬁf%%%%%ﬁ%%wumd$£®@ﬁ%ﬁof
Z DFER, PHIMEDO Y 2 2 F ¥ T — 2 23 2 LI X RENEE M EL Twz, B
%muylx%vﬁ%ﬂ4iyﬁibﬁ@m7v—A& VzAFxBBEA I v IDT
L—2sdt, ZRUBO 7L —L%2E&T 10 7L —LDEEF 20 7L — L COHMKE LR D

FWVIREIEE & o7z, Lo L, ZOREKE R L AR hvizy, ZEEoUE%
TOREDLD 5.

HBOEETOTETIZI2 7L —24 (FJ400[ms]) DY = A F ¥ 7 — 2 Er b KfiE L
B/ME, FHEE, PREoRHEEEZBEHL, FER2Z PV OEREToCTE . 2070
Yz AT ¥ AT BO—EOEMERTES L ENTuinwy, I, 2o EFTFoY
AT ¥ DEEICE, TREINEL R%Z LT 28(E B2 T 28FCERILTW22, i
if@%%@ﬁ,%h%éf@%ﬁﬁéih(w%VIX%&?~ﬂ#B HHMEoH %
ﬁofhk.%’“ W E MBS DEIT B 26T, Y2 2F ¥ —HOEEZAET 3 C
EDFREL 2 Y, ZDOREI LY 2 RAF ¥ T — X0 bERLEFERZ PV EAVWE Z L
&y, ﬁEVIXT«WJm%ﬁFF#éE ICE BB LB EZLNS.

7.1. BHF}FE

ZZTRADIZETIE, Y2 A F v ho—HOBER D L2 TEE LT, kil
M3 2o v 7 —2%%080L, RELZZNTNOY 2 AF ¥ T —2ICENT, &KX
fill, /M, R, FEEOEERHL, ThoTXCoOFIEZHAGDE TERL
FrE~ 27 P2 7238 L2 RS T 5.

1.2. ’I‘_ir_ Hb:I;ﬁfﬁ

REF ORI © I, TIHEIE L E% BT 28F, &% T 28F % Xil¢ 3 IR
X7 MAVERERL, ZORER7 PRI 2 6 BE TOFBTIEL, V= AT
Y HO—HOBIF 2 G LI REFIERICBITIMEY = 2F v O EZ ik 2 2 L
TREFEOAGMMUELZBELT 5. & Z TRHBMHEORMICE VT, 5 5 HToEEH R
O RN - 5/ME - FEME - ROREZ TICAER L RN 2 P v e, e h oz of
HAEbLEICL o CHEREZEN T 5. SHENT 22y HiZnE TR U SIEE, A
W, A7 v FICXVIELZER T — 21 LT 7 — Y ZfBUE % T > TS 72 i
RKEE L, mAREED BB 2L 72, /78R Ico T, 5% 6 & TH 72 Random Forest
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&, SVM ZH\%. 7x% SVM & Random Forest ICE I} 587 A =232 ZNT 7 + v
FONTGRX—=ZEFHLTEY, FE~7 P LOfEIEFEL 72,

FEOEDKERD O EEIEL AL 7L — L TORMBEIRDEVERTHY, VxR
F¥FBEA I v o7 L -0t ZNUED 7 L — L OERE O INIC ] U CREERRS
FERE T AR o7, F2T, Y RAF X T —ZOHMHORICIE, ¥ 2 F v AR &
AIVZIDVHIO 7L =L %EHL, Y2AFYHELA IV DT L =L ZNUED
TL—LEZEAT10 7L —LHIETO 7L —LE2HHLEZBOY 2 2AF v F— 2 %2R L
TR 7 PV OERZIT, EBEE2HIE T 5. 22T, 6 BT d im0
ol FHEEHBET L0, ¥ET X T AT —XI13HE 6 BER—DT — X% EEL
7=.

1.3. EBHER - 2R

K 19 BRI T — X &0 L il ik 2 A2 BB ok EoRch 5. Hl 2 LR 7
L—LB2 7L —4, B7L—L010 7L —254, DEED 6 DGEICEHT 20 EE 1T
Hi7L—LneB7L—L20G5 12 7L —2% 6 2HIL, 2t 2 71/—A75>Bﬁrj<{ﬁ
w/ME, FEE, Rz BEH L, 202 6 [l OREED S ER L ZFHER 2 P v
T SVM & Random Forest % #L%Z 11D 73¥HdR C Precision (ﬁ/\y) Recall (FFHH¥%), F-
measure (F{H) ZHH L 72#EETH 5. £ 20 BRIV OMIMUIC X 23T 5% W72
T D aakfE L DS W i A G b DB 2 M/fﬁtﬂbfwaﬂﬁﬁﬂf%é *21~% 23
D 6 ETHRD BMBESE WA DEE o R 7L — 410 T, 7L —24 10 &G
20 7L — L% 255y, 5%y, 10 55 L CAER L 2R 7 PV CEH L 2RFETAITH
5. #24 Mrfbmﬂﬁﬁfﬁm#of:fﬂ&’*:fo&é@#ﬂi‘ﬁ«& FUVTHRM L 2 ERn & L

DRHBREEDRTH 5. K25~ 28 1% 24 THEMRNEE 2 FFITE A o 72 4 £ DRFEITTHIT
»H5.

K19 DFEEDL S, BIZ7L—LB2 7L —L4, 7L —L42010 7L —24, DEER 2 T
R L 72 R _ 2 v & Random Forest % L& &8 CHEH L 72 383G 23 & & O ey
EnEmelABbETH o7, TRETIE, 2RO 7L — 22 bH B L FE~x 7 b T

ODRHEEEZLVvMEE w2 L 2L T, FRRIIT— 22060 L RS TFEORE %
To7z. ZORERL LTI, 3EALDEATHIOECEHRLARIO 7L —LLHBEDO 7L —
LDFEI CHA G DETERL7ZEER 7 P2V ZED FEX ) bEGRERLE ko 7.
T/, HIOEICEWT, Y2AF Y ZFBLEZZAIvIE, ZRUBEO 7L —L42310 7
L — LUND KB TH % 0.896 7 T 245K L oz, D720, Y2 AF ¥HD
—HOEMEERTED L 2T EZ M CH REREOUGE ITIZ 2R oo b EZD
n3.
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7 —HEOEEE A L -3k
#£ 19 KRV oMimtic X 2 i FE %2 v 2B o ZRE

(SRR N FRETEL 2 2 L TR R L L 2 Ab1)

BizL—&4 | 871 —24 ’ 4rE(% SRR Precision Recall F-measure

) L0 ] RF 0.8896 0.8844 0.8870

SVM 0.8650 |  0.8378:  0.8511

3 9 . RF 0.8653 0.8589 0.8621

SVM 0.8543 |  0.8244 1  0.8391

g 3 RF 0.8505 0.8422 0.8464

SVM 08515 08233}  0.8372

4 0 ; RF 0.8635 0.8600 0.8617

SVM 08548 1 08278  0.8411

5 10 3 RF 0.8689 0.8633 0.8661

SVM 08670 1  0.8444 1  0.8556

] ) RF 0.8201 0.8144 0.8173

SVM 08216 07944  0.8078

] 9 5 RE 0.8632 0.8556 0.8593

SVM 0.8518 1  0.8278 1  0.8396

L0 8 RF 0.8645 0.8633 0.8639

SVM 0.8544 |  0.8311:  0.8426

. . ) RE 0.8486 0.8422 0.8454

SVM 0.8431 | 08167  0.8297

g ) RF 0.8547 0.8522 0.8535

SVM 08541} 08300  0.8419

g o . RF 0.8557 0.8478 0.8517

SVM 0.8567 |  0.8344 |  0.8454

10 o RF 0.8691 0.8656 0.8673

SVM 085271 083111  0.8418

o ) RF 0.8545 0.8511 0.8528

SVM 0.8635  0.8411:  0.8521

? o 6 RE 0.8516 0.8478 0.8497

SVM 0.8487 ¢  0.8278:  0.8381

Lo ) RF 0.8783 0.8722 0.8753

SVM 0.8785 |  0.8589:  0.8686

0 L . RF 08855 | 08811} 08833

SVM 0.8683 |  0.8478 |  0.8579

L L RF 08813 08767 08790

SVM 0.8537 |  0.8322)  0.8428
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#21 @iz —2410, 7L —2410, 2EE2 O
R~ 7 b CEH L 72 15 A DRFIfTY]

I E 5
Vs H b
I 261 11 28
tH 8 271 21
i 33 14 253

K22 Hi7L—2410, 7L —L410, 535S D
R~ 7 b CcHEH L 72 15 A5 DRFIfTY]

HIE AL R
Vi £ (527
* 273 4 23
pan 11 272 17
TRk 33 19 248

F23HI7L—210, 271 —24 10, HEE10 D
FFR 7 PV CHEE L 72 15 A5 DR FITA

HIE AL R
Vi £ (527
* 271 10 19
£ 9 270 21
TRk 36 16 248
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—HOBEE LD LT

£ 24 RO AHBKEELE Lo S DEICEIT S
EEG N O L O

RandomPForest
ESL A YAk — ]
Precision Recall | F-measure
A 0.9565 ! 0.9500 ! 0.9532
B 0.7768 | 0.7500 0.7632
C 0.9516 | 0.9500 | 0.9508
D 0.7852 1 0.7833 1 0.7842
E 0.9042 | 0.9000 , 0.9021
F 0.9507 ! 0.9500 ' 0.9504
G 1.0000 4 1.0000 | 1.0000
H 0.9841 | 0.9833 | 0.9837
I 0.8538 | 0.8500 1 0.8519
] 0.9286 | 0.9167 | 0.9226
K 0.9060 : 0.9000 : 0.9030
L 0.8868 | 0.8833 1 0.8850
M 0.7970 | 0.7833 | 0.7901
N 0.9000 | 0.9000 ! 0.9000
0 0.7631 | 0.7667 | 0.7649
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8.1. REREY

INFCIFKALDBToTELME6ITIR, K7y FicR<w—F 74 vEANBAE LA
BEHRED o IO R E~DORE IOV TOERZTHLIIC, FEDMEICE T 5 4%
WEZEHRL W, Lal, Av—F 74+ Y2 ANBEICIE, FEDOET v Fem%, fif
BICAY—F 74 vV ANDZRABIETH L. 200, K7y MCAY—F 71 v E AN
LBRIC, T—Z %%y MERERFL ZA~—t 73V EANLEFRT Y FRRAE, MEZEZTA
NEGAEICE, 77— X%y MR IIEE A E 2 L oo E77 1R o [ & 232503
HTULICEY, VIRF ¥ T—2BT—%ty MEEROT -2 06E{L L, mdﬁﬁuﬁ
BERIZTTIEeBEZLNDG, 2D, K7 v FPNTORA~Y—F 75 VOMEELIC X
G~ DRI O W THGET 5.

WAEDT— Ry MERETIE, KTy MRS —F 7+ VY EANSBOME %, w4 2
ATy, T4 AT LAEHBRICHN A Z IR 5 X5 ICEBROHH %X - T
Wz, L L, KRETIEFRTY PNTDOR~— b+ 7+ VOMNEELIC X 2 FEE ~DFE
BT IMEND D720, FillT— Xy MEREEZIT.

82. MBEZEIDH BT —Xt v FMEE

T — 2%y MEETIE, 20 %~25 KOKRFAE T N0 ERIEIC, WEICX 2 B
TV zRAFv%, 5 4 BCRELZT — X2y MEERC AT L2HOTToTdH
o7, KEBRTREET Yy VICAR—F 74V 2 ANBZEDORA— 7+ VDAIE DN X —
VIZLATD 4 X2 —vTHDH, 20D, KT —Xty MEECTIIAREERD 298 —
V, AR—=1F 73 VKT Yy PCANBIED 4 XZ—v DT XTCOMAEDOEGEN Y& —
NDENFNT 40 BIFOMEDH0E D EF FFDY = 2F v 21T - 7280 &EF 320 1]
DY zAFx%x 1y el ZLT, EEHIEICIE2 2y F ODAEFF 640 222 L D
LI TFTFOYzAF ¥ 2L ThHW, T—Xty b EREEL .

N — Q. <A ZEDHBTICRY, T4RAT L AT Rz vE X
NE— (D). < A TESBTICRY, T4 AT VLA RICY - 5 A%
NR— (3. <A 7ERHB EICRY, TA4RTLAE DRI i v X

NE— (@) < A TESBEICRY, T4 AT LA BRICY - 5 A X

8.3. UEBEZEAL DRERES

VEZIC X B R ~ O EHE T, A7y FPHD R~ — 7+ v D & PALE

=
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R~ 2 2 BICOWTREES 5. AETI, $FF 7y PN TORAS—F 74D
MERGZDRBEE~DEELRET 2720, TTAY—F+ 743V EANEEFT v b L
M Z 2, HROFIART v M T, w4 7B TR, 74 AT LA A& ©
DYz AF YT — X%, 3HONE CTORBMBEOREZITH. X, HRITRTON
ECHH LR EHCEBROREEE OB 21T,

R E DR RICH V2 G LI 7 L — LR 7 L — LD A G LY TR OFE 2 54
12, 4rFEERIC I Random Forest ZfWC, Fi7L —4%Z 10 7L — AL, 7L —24%
10 7L — 4f#H 3 %. RandomForest ICH 1 537 X =R 3 ZNEFNT 7 H# L FDoNT A —
ZEMFHAL, FHx 2 PO L 72, 72, B CITo 27 — % & v MEETIE,
Ait40 oYz 2F v (FRICLZY 2 RXF¥% 200, ERICXZY 2 XF ¥ % 20 [0])
Flieybell, ZNTNDOANX—V T2y MioThbotk, FESEEFRL LI, ¥
T AF ¥ DT — X EFHERED T — 2 HORY 2FEL, AILT 2L h5X5LT
VRE—=H VTV T ToTe. TIT, FEHIHHAT % — v oK E OB ORRICIT,
12005307 =% (ERICXZY 2 AF ¥ T =240y, HARICKDZY 2 AF ¥ T —X 40
b5y, FFHRREDO T —% 40 [M43) 6, 8 FDOT—232 DT — )T HEEZT
W, oo 2#loF—% BRSO T—%) FACCRBBEORE 2T - 72, FH Il
LARWAX— v OFRHEEEORH 7T v £ =% v 7Y v 27 I3 fTb I 120 5 (FH 2 40
[y, 78 40 [015y, fF 40 M15) O F — 2 ZH O CREEE OB 21T > 72, ShI#EH 3
v 6 B LA U S MERE, MM, ~4 7 v IC I VINELLZERT— 2 IR L
T7 =) TREIERZIT > TRERANEE L, RRKEEDRFEEEFERL 72, 25 M#EH
TARHHEILE S EOMIES, O, mAME L &/AME, FEE, PREZ 5.

84. IBEZWOFEEXRBROFER L ER

39, RYOPBRY— 73V EANDI KT v P EELAEBEROFKRT v + T, ¥
2—=vODHTEH LT ORI, 320X —v DY 2 AF ¥ 0L 2B
DRBEELZHEHL72RTHE. K30 BR—F+ 7+ VY E2FETy VAN EL WX
BEROHEIART v T, NE2—=vO~DDEF 4 X% — v CTEH L 0GR vz, 1%
DBDRRE =Y DY 2 AF ¥ 2L IEOREKEZEN LK TH L. K 31 A~ —
F7AVEANBMELAZREREEERDAIET Y D2 —vDO~DDE § &2 —v
THEEHLEETAEROEZRIKE, ZhEThORZ—v DY 2 2F ¥ 0L - BoREE
EEEHLA-ETHE. KRNBRAY— P75V EANSFT v b EALE & A X AL EDH]
KTy T, XX =V ODOBRTEE L EETFAZTOERIC, 13- —vDY 2 AF %
L BRORHEE AR LR TH D, R 33 BAY— P74 v EANDNE LM
ERLERDOHIFRST v b C, 2 — v DO~DDEH 4 & — v CEEHLZET A AT HE T,
EDPDANE =V DY 2 AF X L BORHBBEZHEH LR TH S,
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K29 DFERD L, MER—HLZ0EEICE, HEEE»EMlLZ 2%, K7 v b
WTDRZHRDMZHRKE LD o 72 GE I TGRS T 2 AlREEARR I T v
5. ROLEROHERIPODPELICFALAAZ—rvTHoTDH, HRDKET v FITA
STWVBBEDPERDET Y FICA>TWVEREWVIFT v F DEWPEFHBEICHEEL T»
2. T30 EEBREINFNORDOET Y FiTBTFE3R2TCOAED AN —Y (432 —V)
THELZZETVEHOTZENTNOMAEDE DT A b7 — 2 % CRHEKEE 2 B
LERTHDED, FRNEFNORTEHLEZETAVEIRNDOREDERET v FICZA<w—F 7+ v
ZFEI U E CANEGEICORBKBENEL T 2 e h b, £/, 43X — T
B2 50T, A=+ 74 vEANTVE RO — v OO RHBNEE % H
L7228, 1 3R — VDR TEHIGEETACHEB L ZRBEELSETLTW3E Z &%
5. 0FY, A=+ 7+ VDETy PHNTOAE LAEICK o CTHRIIEE BT 5 2
EDBHL L TR
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K29 LRDOAZ—vVODOATHEEIELLED
F v bAD R — b7 o v DRI & E IS X 5 BRI ~ 0

K7 v b BT Precision Recall F-measure
NE—v(D 0.9196 0.9107 0.9151
RE— (2 0.2882 0.3417 0.3127
T2 I IRt RN s S i
RNE—(3) 0.5372 0.5405 0.5388
NRE—v (@) 0.4226 0.4488 0.4353
NE—v(D 0.5921 0.5536 0.5722
RE— (2 0.3949 0.4286 0.4110
7y A - Bt il Bt
RNE =03 0.4557 0.4845 0.4697
NRE—v (@) 0.5248 0.5071 0.5158

#X30 HGRDOANR—VTHEHEIELLZD

o PO R~ — b 7 v DR & [ E I X 5 R~

KT v b BT Precision Recall F-measure
NE—v(D 0.8742 0.8631 0.8686
RE— (2 0.8641 0.8512 0.8576
3 A SRR i St B i
RNE—(3) 0.9223 0.9167 0.9195
RNRE—v (@) 0.8886 0.8810 0.8848
NE—v(D 0.4675 0.4702 0.4689
RE— (2 0.4459 0.4369 0.4413
ER | S O O
RNE =03 0.4117 0.3774 0.3938
NRE—v(@) 0.4580 0.4655 0.4617

K31 GREERDA AN -V THEILLED
F v bADRw— b7 o v ORI & E IS X 5 BRI ~ O

KT v b G Precision Recall F-measure
NE—v(D 0.7903 0.7798 0.7850
RE— (2 0.8213 0.8036 0.8124
5 A SR 8 Sl I e
RE—v(3) 0.8403 0.8393 0.8398
NRE—v(@) 0.8370 0.8155 0.8261
NE—v(D 0.8774 0.8452 0.8610
RE— (2 0.8459 0.8333 0.8396
ER | OEOTL O8L 089%0
RNE—(3) 0.8517 0.8333 0.8424
NRE—v (@) 0.8428 0.8155 0.8289
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K32 KEROAZ—VODARTHEHRIELLED

KTy FPAD A= —F 7+ VOAE & A 212 X 288N E A~ D2
K7 v b ] % Precision Recall F-measure
NE =D 0.6137 0.5833 0.5981

g ||
NE—=v(B) 0.4871 0.5048 0.4958
CSx—v@ | 03648 04167 03890

NE =D 0.9883 0.9881 0.9882
|| v
NE—=v(B) 0.5587 0.5393 0.5488
CNx—2@® | 06378 06119  0.6246

%33 KERDANR—vTHEHEIELLZD

o PO R~ — b 75 ¥ ORI & [ E I X 5 R~

KT v b BT Precision Recall F-measure
NE—v(D 0.4532 0.4583 0.4558
RE— (2 0.4307 0.4313 0.4310
5 A SR R N Sl B o
RNE—(3) 0.4665 0.4488 0.4575
RNRE—v (@) 0.4113 0.3833 0.3968
NE—v(D 0.8982 0.8929 0.8955
RE— (2 0.9019 0.8929 0.8974
ER |l SR O 08T
RNE =03 0.8959 0.8750 0.8853
NRE—v (@) 0.9090 0.8988 0.9039
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8.5. MIBZELICES L= R#EF =

AT DEIT DRER D DM ERCARHNGE~NELE L2 52T 2 e o Loz,
Z D70, FERIC X 2EBIHE~DHEL RS 2L E1H 5. £ 2T, K7 v PAT
DA — P74V DREZERIFHEEZMN 2 LT, A= 7+ VOEZRLICL S
AR~ DB NS 5. 2 2T, ZNE TICHWAREEDUMNC D, Hifg 5 & &
Ervdprofhidns 2~—F 7+ vOlHZ OREEZMMT 5 2 & C, ERLICH
Jo L 78 T2 R T 5.

8.6. MAELATAE

LB ZCICEIG L -T2 W32 8T, K7y PO R=— |t 7+ VO % RhiE
DRHIEENG 2 2B R T 2B TE L 0E2WAET 5. BEAIICIX, chE TIcH
WTWwizk v HANCEE D v EHAWSE 2 LT, HBEE~SEZ3FEER DX I
AT 200HET . AETR, TFRT7 Yy FATORAY— b7 5 YO E D5 2 %38
WE~DHELZTET 5720, TTRA<—F 7+ VB ANS KT v b LEED, HRDATHE
Ty bT, A 7ERBTICRY, T4 AT LADBRICHNEZVAETOY 2 AF ¥ T — &
RIS, 3homE CORMEEORH 21T, Ric, A~v— 74 vE ANBLEL WX
BHREDOHIART v b DX Z—vDO~DDEF 8§ & — v THEEHL 0GR T, fhomzco
R O AT .

A E O R MICH V2 G LI 7 L — L &7 L — L DA G DL TR OFE 2 5#4
IZ, 4rFEERIC I Random Forest ZfWC, Fi7L—4%Z 10 7L — AL, 71 —24%
10 7L — 4f#H 3 %. RandomForest ICH 1 5 X7 X =23 ZNEFNT 7 H L FDoNT A —
ZEMFHAL, FHx 2 PO L 72, 72, BIOFICITo 727 — % & v MEETI,
Ait40 oYz 2F v (FRICLZY 2 RXF¥% 200, ERICLXZY 2 XF ¥ % 20 [0])
Flieybell, ZNTNDOANX—V T2y MioThbotk, FESEEFRL LI, ¥
T AF X DT =X EFHERED T -2 HORY 2FEL, AILT—28Lh5X5CT
VRE—=H VTV T HToTe. TIT, FEHIMHHT % — v OFEHEKEE OB ORICIT,
1200507 =% (ERICXZY 2 AF ¥ T =240, HARICEKDZY 2 AF ¥ T —X 40
b5y, FFHEREDO T —% 40 [M5) 6, 8 #OT—232 DT — )T HEEZT
W, oo 2#loTF—%2 BRSO T—%) FACCERBBEORE 2T - 72, FH Il
LW AX— v ORHEEEORH 7T v £ =% v 7Y v 273 {fTb I 120 [H45 (2 40
[y, 78 40 [015y, fF 40 M15) O F — 2 ZH O CREEE OB 21T > 72, SRIFEH 3
2 vHIRE 6 mER U MEE, AEE, ~4 72 v FICXVINELAZER T — XL
T7 =) TREIERZ T > TREZRKEE L, RRKEEOREE L, g & MR O
HMEIN2MEE AL 72, 2503 2 RIS S EOfE» O, RAME L R/IME,
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FEME, FORAEE e 2

8.7. MIEZEALICES L-FEDERBR - ER

9, £34 LT TRENETNERDORT v bEERDORT v iz —vDDAD
VIAF ¥ TR CEFH LEETAEZHCERIIC, TRhEFNDAARZ—V DY 2 AF ¥ &5
B -BRoRBEE LR LZRTH S, K35 LRI TERENLENGRDOET v L
RORT v i, #2—vD~DDEt 4 “2—vDANZ LEBEOZNETNDY = A F
¥ T =R TCEHLIZETAEROERIIC, TRHENDOAS—FT7 3+ VD ANTDNNE =V

KBTIV 2 AF vy 2L ZIRORBRE*FEELZRTHS. £ 36 BPA~Y—F 7+
VEANNDAMEEMED, AREERDHIRT Y bONZ—=vD~DDEF 8§ XX —v DY
TAF ¥ T =R CHFELEETALEHCT, ZNETNDRNRX—Vv DY 2 AF ¥ Z L 72
o MEE2REL-RCTH 5. WEIRVENIMEX ORHEELZHHL 722 & T
WA A B L 72l afmbEaRLTwE, K39 LRIWOVPHRD 4 XX—vD L —=V
T2 TCH¥BRIELETACHCC, GRELERDHIFT Yy P TOZNENDREZ DT
AT =R LIEO T NgORFATIHZRLEZRTH 5. K41 &K 42 PR OH]
KTy PD4RR—VDY 2 RAF X T =X THYEIE, ERD 4 XX—vDrL—=Vv7
TR THEIEEETAEHANC, AREERDHIRT v P TOZRENDME DT R
F TR0 T AGORFITIZRLZRTH S, K43 LR MU PHRLER
DHIRT v+ D 42—y (G 8§ NF—V) DV RAF ¥ T —XCHEHEIEZETLVEM
WTC, GREERDHIRT v P TOEXINEINDREDT AT =220 L-BD 7 A5
DRFETINERLZERTH L. ERDHIART Y bD 4 XEZ =V DY 2 AF ¥ T — X THH
TR7ETVERCZLE Z2DENENDOMAEDLEICE T 2ZFBBEELRL KRTH 5.
KA RA—r 7+ VEANIMNEEREPHE L LERDHIFRT v bDAAZ—vDOD~DD
it 8 NEx—vTER L SR EHVERIC, 32D = DY 2 AT v B L 72

DRHBREEARH L 2R TH D, K45 LK 46 XN LZTNOROFIRT v b D% —v D
DHTHEE X472 L 2D Random Forest DFFHIEE ~DRMEOFEE (%) 2R L 2K T
b, LT, RAT LR BENETNDREDHIRT v b D 42—y CHEIRL X
® Random Forest D ililifig[E~ DR E DT LE(%) 2R L =RTH 5. £z, K49 PELRE
EERENENAANZ = B L7258 X4 — v CHE X H7- & & D Random Forest D 2.
IS ~DTFEE (%) 2 R LR TH 5.

K29 LR BVEZEH o 72KE, K34 LR3I PEZOFRHELZHVEOZN
INERDOKRT Yy P EERDKRT v P Z—=vODORETCA~Y—F 7V EANLY =
AF ¥ T — R CHBHIELHC, TNFRORT Yy PADRA~—F 7 4+ VOAE & X IC
BIF2RBEE~ORELTEL R TH 5. ZOME, HEXOFEELXH V2 L TlijE
VI AF v OREHMEENYGEL Tz, 2, TNTNDROHIRT v FICANBERD 4%

42



fLEZAICEIG S 5 Tk

H
o]
i

Z—VETDOMEDI L —= v 7T —X 2L, £ 30 &% 33 PMEZOFEEZ AW
T, K41 LR B PMEZORHEZHCCEE I ET A EHVIZEO ZNZE D24
BAOEDTAL T =220 RO EEELRL-RTH L. ZOFE, 1 X —vT
FEIGLGHELERICEZ OFEEEH VS 2 & TREBEASGE I N LR L ko 7.
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K34 HROANZ—vODOATHYEILZLED
F v bAD R — b7 o v DRI & E IS X 5 BRI ~ 0

K7 v b BT Precision Recall F-measure
NE—v(D 0.9263 0.9226 0.9245

RE— (2 0.3378 0.3560 0.3467

o 1 s S
RNE—(3) 0.6217 0.5548 0.5863

NRE—v (@) 0.5549 0.5048 0.5287

NE—v(D 0.5429 0.5560 0.5494

RE— (2 0.3901 0.3857 0.3879

BRI E 0O DI 09T
RNE =03 0.4417 0.4381 0.4399
NRE—v (@) 0.5934 0.5857 0.5895

35 HFRDAANEZ—vTHEHIXELLZD

Rry PADR~— b+ 7 5 VONE & A &I X 2080 E A~
KT v b BT Precision Recall F-measure
NE—v(D 0.8999 0.8929 0.8964
RE— (2 0.8861 0.8810 0.8835

23 I SRS SRS et B
RNE =03 0.9170 0.9107 0.9138
NRE—v (@) 0.8983 0.8929 0.8955

NE—v(D 0.4339 0.4440 0.4389

RE— (2 0.3839 0.3845 0.3842

ER LLCIE 00 0L 098
RNE—(3) 0.4479 0.4381 0.4429

NRE—v(@) 0.4452 0.4417 0.4434

#£36 HREERDA AN -V THEILLLED
F v bAD R — b7 o v DRI & E IS X 5 AR ~ 0

KT v b BT Precision Recall F-measure
NE—v(D 0.8890 0.8750 0.8819
RE— (2 0.8508 0.8452 0.8480
B |00 OPIRL O
RNE—(3) 0.8762 0.8631 0.8696
NRE—v (@) 0.8762 0.8631 0.8696
NE—v(D 0.9091 0.9048 0.9069
RE— (2 0.8957 0.8869 0.8913
ER | rE DENTL e O
RE—v(3) 0.8630 0.8571 0.8601
RNRE—v (@) 0.9221 0.9107 0.9164




H
i

fLEZAICEIG S 5 Tk

K31 ERDOAZ—VODARTHEHRIELLED

By PO A~ — b7 ORI L IC & 2 R~ 0B
K7 v b ] % Precision Recall F-measure
NE =D 0.4689 0.4643 0.4666

R LAY | essor)  o3sss| 0354
NE—=v(B) 0.4579 0.4750 0.4663
CNx—2@® | 03952] 042621 04101

NE =D 0.9885 0.9881 0.9883

ER |CATY@ | 0s0L] 0310 03145
NE—=v(B) 0.5104 0.4845 0.4971
CSx—v@ | 05776 05917 | 05846

%38 KERDANR—vTHEHEIELLZD

o PO R~ — b 7o ¥ ORI & [ E I X 5 R~

KT v b BT Precision Recall F-measure
NE—v(D 0.4458 0.4500 0.4479
RE— (2 0.4874 0.4588 0.4727
B | 2 000 04T
RNE =03 0.4108 0.3988 0.4047
NRE—v (@) 0.3796 0.3560 0.3674
NE—v(D 0.8909 0.8869 0.8889
RE— (2 0.9107 0.9048 0.9077
ER | ST 020 00T
RE =03 0.9068 0.8929 0.8998
RNRE—v (@) 0.9303 0.9167 0.9234

45




fLEZAICEIG S 5 Tk

H
o]
i

K39 ERDAANEZ—VDINL ==V I TF—RTCEFRIERZETAZACT, AED
HiRZ Y FCOFNFNDAEDT AT — X 2L 2D 7 N5 OEFELTHI

(a) GROFIFEY v Ficig—vDoE cANEES

HIE KGR
s 8] (B3
s 49 0 7
8] 4 51 1
ik 3 3 50

(b) HROFIFEY v Mg —vQpE CANEZES

HE AR
* £ (527
* 50 1 5
£ 3 52 1
TRk 7 3 46

(c) HROFIFEY v Mg —v@DE CANEZES

HIE AL R
* £ (527
* 48 4 4
£ 2 52
TRk 2 1 53

(d) GROFIFEY v g —v@oE CANEZES

HIE KGR
s L8] ik
s 54 1 1
L8] 1 52 3
T 10 2 44

46



H
o]
i

fLEZAICEIG S 5 Tk

F£40 HRD A4 XX =V DL —= V7T =2 TC¥EHIELETALEHCT, ERED
HiET Yy b TCOEFNEFNDOMEDT AT — X 2L 728D 7 N5y DEFTH

(a) LERODOREIET v Mz —vDolx TANGS

HE AR
Vi £ (527
Vi 86 184 10
ti 225 38 17
(53 20 11 249
(b) ERDHEIRT v M x—vQolaE TANSGE
HE AR
Vi £ (527
Vi 51 226 3
£ 220 31 29
(53 22 17 241
(c) EROHIRYT v Mg i —v@olE TANSGS
HIE AL R
Vi £ (527
Vi 70 204 6
£ 201 65 14
(527 40 7 233
(d) EROFEIRT v Mg —v@ola & cANSGE
HE AR
Vi £ (527
Vi 100 177 3
£ 237 25 18
(53 22 12 246

47




fLEZAICEIG S 5 Tk

H
o]
i

F£4l ERDA X —v DL —= v 7T —2TC¥EIELETALEHCT, GRD
HiET Yy bTCOEFNEFNDOMEDT AT — X2 728D 7 N5y DEFTH

(a) GROFIFEY v b —vDomE cANEES

HE AR
* £ (527
* 64 176 40
£ 203 57 20
TR 10 13 257
(b) HREDHIEY v M x—vQohEE TANESEE
HE AR
* £ (527
* 80 181 18
£ 176 99 6
TRk 31 43 206
() HRDHETET v Mz —vB D& TANZIGE
HE AR
* £ (527
* 44 225 11
£ 208 51 21
TRk 8 32 240
(d) HROHIEY v Micxx—v@TANESE
HE AR
* £ (527
* 32 219 29
£ 225 40 15
(&34 7 46 227

48




fLEZAICEIG S 5 Tk

H
o]
i

K42 ERDARNRZX—Vv DL —= v 7T =2 THHIELETALEHCT, EED
HiET Yy b TCOEFNEFNDOMEDT AT — X 2L 728D 7 N5y DEFTH

(a) ERODOEIARTZ v bicxxz—vDomEcANZSES

HIE KGR
s 8] (B2
s 54 2 0
8] 8 46 2
i 3 4 49

(b) ERDREIARTZ v bicxx—v@omEcANGES

IR
% f i
I 53 2
Zs] 2 50 4
(53 2 5 49

(¢c) ERODEIARZ v bicxx—v@omEcANGES

IR
I Zs] itk
Vi 53 0 3
H 6 47 3
itk 1 5 50

(d) ERDEIARTZ v bicxZ—v@omEcANZSES

HIE KGR
s L8] ik
s 56 0 0
H 4 49 3
TR 2 5 49

49



fLEZAICEIG S 5 Tk

H
o]
i

FA3 EREERDARE—VD I L —= Vv I TF— R TCHEFHIGEETAZH T,
HROFIEY Y FTCOFNEFNDAZDT AN T — R ESHEL 728D 7 N4 DiRFEIFTH

(a) GROFIFEY v Ficig—vDoE CANEZES

SR RS
I Ze] itk
Vi 48 3 5
H 7 47 2
ik 3 1 52

(b) HROFIFEY v Mg — QD& CANEZES

SR RS
I Ze] itk
Vi 44 7 5
H 2 51 3
ik 5 4 47

(c) HROFIFEY v Mg —v@DE CANEZES

HE AR
* £ (527
* 48 4 4
£ 7 47 2
bk 2 4 50

(d) GROFIFEY v g —v@oE CANEZES

HE AR
* £ (527
* 53 3 0
£ 7 47 2
TR 5 6 45

50



fLEZAICEIG S 5 Tk

H
o]
i

R EREERDARE—VDI L —= Vv I TF— R TCHEFHIGEETAZH T,
ERDHIET Y F COFNFNDAZDT AT —ZEHHEL7-BD 7 N4 DiRFEITTH

(a) ERODEIARTZ v bicxxz—vDomEcANZSES

IR R
I Zs] itk
Vi 52 4 0
H 7 47 2
itk 3 0 53

(b) ERDREIARZ v bicxx—v@omEcANGES

HE AR
* £ (527
* 51 3 2
£ 4 51 1
bk 1 3 52

(¢c) ERDEIARZ v bicxx—v@omEcANGES

HE AR
* £ (527
* 47 6 3
£ 7 46 3
TRk 2 3 51

(d) ERDEIARTZ v bicxZ—v@omEcANZSES

HIE KGR
s L8] ik
s 54 0 2
L8] 7 48 1
5 4 1 51

51



%8 HE PrEZACICEIG T 5 ik
F45 LHROAX—vODOARTEEHREEEZETAZHCERD
Random Forest O ZG0K E~ D el 0 % 5 (%)
f/Mif 3.810% f/Mif 0.003%
Xl EIN| 1.415% —- EIN| 0.084%
FHfE 9.747% “FfiE 0.348%
il 5.655% <A rhfi 0.241%
f/Mif 2.798% f/Mif 0.230%
A -_ EINI| 5.139% [ EINI| 0.544%
FHfE 4.100% “FfiE 0.601%
il 1.606% rhUfi 0.363%
B/t 4.511% B/t 0.820%
7 i R A 4.220% - R A 1.876%
FHfE 2.642% “FfiE 1.305%
Hh il 3.164% rhfi 0.675%
B/t 5.686% me B/t 2.927%
X EIN| 3.379% - EIN| 0.935%
FHfE 4.658% “FfiE 2.157%
il 1.857% rhfi 0.582%
B/t 2.850%
e _— R A 2.017%
FHfE 1.503%
il 1.280%
B/t 2.991%
7 i iGN 4.910%
FHfE 4.061%
il 2.299%

52




8 PrEZACICEIG T 5 ik
Fz46 EROANZ—vOOARTEEIRZETAEHOED
Random Forest O ZG0K E~ D el 0 % 5 (%)
YN 5.046% YN 0.147%
X il ICON|:| 4.229% —- ICON|:| 0.111%
“FfiE 6.873% “FfiE 0.215%
rhUfi 3.818% <A rhfi 0.122%
YN 2.566% YN 0.195%
A - ICON|:| 8.373% [ ICON|:| 0.242%
“FfiE 2.227% “FfiE 0.282%
rhUfi 2.861% rhUfi 0.171%
YN 3.010% YN 0.251%
. ICON|:| 2.629% - ICON|:| 2.550%
“FfiE 1.514% “FfiE 0.848%
rhfi 1.773% rhfi 0.423%
YN 2.626% me YN 1.247%
Xl ICON|:| 5.709% - ICON|:| 0.615%
T 7.668% FfE 0.415%
rhUfi 1.854% rhfi 0.730%
YN 1.639%
fr - ICON|:| 3.095%
“FfiE 2.167%
rhfi 1.505%
YN 4.166%
7 i ICON|:| 4.881%
“FfiE 6.125%
rhfi 5.083%

53




%8 HE PrEZACICEIG T 5 ik
KAT HRO4AANZ—vTHEHEIEET v EAVED
Random Forest O ZG0K E~ D el 0 % 5 (%)
f/Mif 3.473% f/Mif 0.253%
Xl EIN| 3.738% —- EIN| 0.119%
FHfE 2.802% “FfiE 0.617%
il 1.858% <A rhfi 0.232%
f/Mif 4.165% f/Mif 0.397%
A -_ EINI| 4.515% [ EINI| 0.549%
FHfE 3.821% “FfiE 0.656%
il 2.576% rhUfi 0.493%
B/t 4.689% B/t 1.628%
7 i R A 4.309% - R A 1.311%
FHfE 3.107% “FfiE 1.494%
Hh il 1.909% rhfi 1.211%
B/t 5.226% me B/t 1.437%
X EIN| 5.598% - EIN| 1.543%
FHfE 4.517% “FfiE 1.201%
il 1.920% rhfi 1.283%
B/t 4.610%
fr - R A 4.188%
FHfE 1.600%
il 0.961%
B/t 4.589%
7 i iGN 5.741%
FHfE 3.493%
il 2.171%

54




8 frEZALICEIG S 5 Fik
K48 KRD4AZ— v THEIEEETARM KD
Random Forest O F58K5 K~ DR R D F 5K (%)
/IME 3.336% /IME 0.147%
X i PN 3.232% 8 PN 0.123%
THE | 1.885% FHfE | 0527%
i | o] o | 0.274%
/IME 4.306% /IME 0.435%
jJ[]iE}E Y il PN 3.695% kT PN 0.442%
THE | 3.199% FHE | 0.608%
o | 2.125% o | 0.453%
/IME 4.007% /IME 1.583%
7 il PN 5.411% X il PN 1.304%
THE | 2.479% TR | 1361%
i | 1.505% o | 1.562%
/IME 5.875% {@? /IME 2.070%
X i PN 6.043% Vi PN 1.676%
THE | 4912% FHE | 1307%
i | 2.133% o | 1.387%
/IME 4.375%
ﬁﬁg Y i PN 3.565%
FHIE | 1366%
o | 0.961%
oM | 5.117%
7 il PN 7.164%
FHIE | 3.600%
o | 2.475%

55




H

K49 HREERD 4 ANZ—vTCHEBIELETAZHAWEED
Random Forest O F58K5 K~ DR R D F 5K (%)

Fre/IMif 3.485% Fre/IMif 0.292%
X il YN 3.563% — YN 0.160%
“FafiE 2.658% “FfiE 0.685%
rh Ufi 2.062% <A rhUfi 0.415%
Fre/IMif 2.501% Fre/IMif 0.517%
F— - YN 2.479% - YN 0.592%
FH5fE 1.995% A5 ME 0.884%
rh Ufi 1.769% rhUfi 0.644%
Fre/IMif 4.310% Fre/IMif 1.995%
. YN 4.335% - YN 2.192%
“FfiE 2.655% “FfiE 2.018%
rhUfi 1.804% rhfi 2.109%
fe/MiE 4.369% L /M 2.476%
X il YN 4.422% - YN 2.090%
T 2.666% FfE 2.438%
rhfi 1.833% rhfi 2.356%
Fre/IMif 4.285%
f - YN 4.123%
“FfiE 2.257%
rhUfi 1.897%
Fe/IMif 5.414%
. YN 6.065%
“FfiE 4.466%
rhUfi 2.723%

56



*
O
g
N
3

FIE HEER

AFETIE, Yz RAFrBICBCTEORHMEN L DL b WIlRICTH ST 2 0D EE
WEIHO2IC L. ZOREE, FRCRRIRICH G L7202 TAME Z #iok KiE ] ThEE Y
filfi D fe /Ml ] T A X o /Ml ] O3 2OHETH -7, o BHFGLAMHEE L
T, A7y MCANTZAS— 7+ VIZEIE2HIRINT V2720, ROB)E & AHEED
R LT hro/zEZLLNSE., ZNETORT Y PHADA~Y— P74V TY 2 RATF
YR 2 AT O WS T, MEEDOARZMM T2 2 B ETH o720, ZNLDHFEICE
WTAHREED AW Z & CEEEom EafFcE s s e 8 ELLNS,

72, VAT v O HOBEERNED L 2R TEELRE L2208, #R e L CIIREits
EombicdhIVFHESLaro/., ZHEFEZ—HFIKIZV L AF YDA — FRER 5T
W7 ThbEEZLND, —HEOBEERIED L2k TR, AFED X 57K v b
NOAZ—F 74 VERWEY 2 AF XY BiICRO T, ke ny = 2 F » 2 1)/
TE2LEZTCWE, ZOEAICIE, 2—F IV RAF YDAV —-FEEFEL T, V=
AF X T =2 ENET 5T HOBEERED L 2R TERIC X o TRBIE S UE X
nNs&Ez2zo6N5,

THIC, A7 — b 7+ VOMBEZIC X 25~ E RN T 5720, HZ O
BrHw7, 2O MEE O HEIL, A~—F 7+ v OMELLOFEREIRT 5 2 &8
k7. 2070, 2~— 75 v ALY 2 2AF ¥ BIMEITIRICTIZ, A~—F 7+
VOREPMBEOLENEZRT 27-OICHE 25 2 & T, HKE~ORE % B nThE
ThdrLEIZLNS.

ficd, PIEEIED 7 — 2 2 FIH L CRH L 72372300 0 7728, FEifEo 7 — % % FIH
LAWTHEBLAZRH#EE L @72, 207280, PHEEEZFIHT 2 2 & Tca—FR
VIAF ¥ B LTCALRVKEBTY 2 R F v 2B I LN TEL D, 2 —FD
LR ZMO T LT, PuBicy 2T ARFIAMREICRS EEZLNS, LAL, K
MR CIEEBRICFHEEZ W70 F 24 7 2T L 2EETE 2 EBHETH RV
B, ERRICY 2T LICHAIAL Z L I35 H%OFETH 5.

57



F10E ER2

FLO0E F&®

AW T, CNFEFTIKBAPToCELRT Yy PNOR~Y— 73 vEHAVEmEY «
AF v IC L BHFEICEBNWTHL I L AZBEIC O WTIRR, ZNZENOMEZFRT 5 72
DOFFEERE Lz, cnE ToOFKA DWFE[6]TITo 7 fEHERTIE, v b2 47T
T LML 2%, REGEEREE IO W THHR T 0~100% % T ORI % R& L
THhbotz, ZORR, HFFLZIZ 0B L IR LN Tnid o7z, ZDERKE L

T, 78 24 7L AT A CORBEERL—FOMFL IR OZBEE TR e o
ZERbFons, R, ZOERNELTIE, 7v &4 72FEHLZEKIC, Zi#E i
P BLEEIBE S o2 HE LT LT VT — B WT 8 AL EEG & D
5H 7 AR E I BEEEINE N LR TV AHANICH 5 2 L TR o 72,
Z D72, BT T LREOES ZHMHEEOEI LI Tw izt EILNS.

TRHEEOWEL T o IR T EOER 2T EokEL HIg L 72.
;hif®&ﬁ@ﬁnMTiﬁ%@%%%%?wﬁﬁ&w¢ﬁ%ﬁbfﬁ@&7F»@i
R %17 > T & 7228, I DR RS RE LN 5 2 & Tl odGE 2 X
o7, FDI=®, %@E@E%E%HW,%@%ﬁiulbiﬁbk%@&7FW%ﬁbk
PRORIKEE &, ZNE TORL OWIE[6]ICH VT L T2 F eI X v 4R L 725
R PAEROCIZBORBEEE O LR ATY, BEORERIFHFEEL X 51T A
h3c &fmﬁﬁﬁﬁﬁiﬁéﬁ%@ﬁbf Z DFGEHR, AME & R/ METHEK L 7K~
Za v e uha&ﬁ%F¥<k b, &KE & &/NME, FEE, hOMEORHEEZ W TAER L 725
BR7 PV X BEREE DT E ENICH o 72, T2, HEEE LTS LZEAVWER
ﬁLk%%#&%,%ﬁﬁ%¢%ﬁ%@%?5:&1mdﬁﬁ@&%ﬁ&ah#&%xa
nas.

RN R O FME 21T 9 720 ICERFICHE 32 Y = AT v 7 — X OFME 2179 720
Y x AT ¥ ZIRY HEANCIEFRICIT O N W2 OBIECH 5 TIMEIEZ 2T E
%%?L# Z DR, TRTORZ—=VICBWTTHHEFOY 2 XA F ¥ T — K223 C

DN EOWER AL N,

72, INFETOELDWZE6lICENTIERT v FNTDRA~— b7 5 v OREZE{LIC

LNENEE~ O ERERB L C ol X 2T, ETERT Y FPADRAY—F 7 4+ VD
m #{tﬁ’nuu&*ﬁﬁ CHZBHEBICOWTHEEL 72, ZDOFER, X7 v P NOR~—+ 7 %
VOMEZELIC X D EESERE T e L E o7 22T, ZDMEBERLIC X
mdﬁﬁmﬁm%ﬁmﬁéf , HEORBEEZERLZHER27 bLrEHWwb LT
friEZAtic X mdﬁﬁmm%%%ﬁﬁfgéﬁ%@ibf Z OFER, {HE OFFEE %
W5 ZET, RHHEENAUNEINE ZLBHLLE R T,

58



A

Web ikl o 13 #EE 2 HIFR L £ L 72.

59



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

e DG

Igarashi, T., Hughes. J.: Voice as Sound using non-verbal voice input for interactive control,
In Proc. of UIST’01, pp.155-156(2001).

Matthies, D.J.C., Muller, F., Anthes C. and Kranzmuller D.: Shoe Sole Sense:Proof of
Concept for a Wearable Foot Interface for Virtual and Real Enviroments, In Proc of VRST "13,
pp.93-96(2013).

Matthies, D.J.C., Roumen, T.: CapSoles: who is walking on what kind of floor?, In Proc
MobileHCI ’17, p.9(2017).

Fukahori, K., Sakamoto, D,. Igarashi, T.: Exploring Subtle Foot Plantar-based Gestures with
Sock-placed Pressure Sensors, In Proc CHI'15, p.10(2015).

Scott, J., Dearman, D., Yatani and K. Truong, N.K.: Sensing Foot Gestures from the Pocket,
In Proc. of UIST "10, pp.199-208(2010).

FATHREEERS, AR By PO R~—F 73 VICX B3R Y = 2 F ¥ Wil Tk
REON, MRBE N —T T 2T 4y b7 —2%—E X, p.8(2017).

Bao, L., Intille S.S.: Activity Recognition from User-Annotated Acceleration Data, In Proc. of
Pervasive '04, Vol.LNCS3001, pp.158-175(2004).

KM, Laerhoven, K.. SFH%S, PUREIRES: v I o v —7{H%Z w72 R TFE L

Z OFFM. BRI ST, Vol.51, No.3, pp.1068-1077(2010).

KRS, <FHBS. EE 2 /%@Eﬁ*ﬂi X 2 EEREETE. LI A 25 GRS, Vol
52, No.6, pp.1968-1979(2011).

KW—K, THZFEMF: Activity Analyzer : #FEEHER £ Vv IC X 2 U T2 4 L AEETH)
kY AT L, G A E AR SEERTS, Vol.2011-UBI-30 No.3, p.8(2011).

INECE, BEbE, BRBCGER: #5a iR O SR BRI T HIERRED A~ — b 7 + vV~ DAL
A v 2727y av 2011, pp.531-534(2011).

KHEW, EAWHE FREE: [UEx vy v 72O ATERGERT L. FEREE 4 v

ava—74 vl xxAEE, Vol.14, p. 8(2014).

Chan, L., Liang, R., Tsai, M., Cheng, K., Su, C., Mike Y., Chen, Cheng W., Chen B..
FingerPad: Private and Subtle Interaction Using Fingertips. In Proc. ACM UIST 13, pp.255-
260(2013).

Cohn, G., Morris, D., Patel, S., Tan, D.: Humantenna : Using the Body as anAntena for Real-
Time Whole-BodyInteration. In Proc Of CHI 2012, pp.1901-1910(2012).

Han, T., Alexander, ]J., Karnik, A., Irani, P., Subramanian, S.. Kick: investigating the use of
kick gestures for mobile interactions. In Proc Of ACM UIST '11, pp.29-32(2011).

Chan, L., Hsieh C., Chen Y., Yang, S., Huang D., Liang, R., Chen B.. Cyclops: Wearable and

60



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Single-Piece Full-Body Gesture Input Devices, In Proc of CHI '15 Proceedings of the 33rd
Annual ACM Conference on Human Factors in Computing Systems, pp.3001-3009(2015).
R, ANMRREE, SFESCKER, EfEff: Mimi Sense: : A HENORTEZLEFAL 72T
SHE BN EIEEER > A 7 L. In Proc of WISS 2016, p.6(2016).

B, LAh@SE: Ubi-Finger @ £oNA VIER Y = X F v DT, 1H AL 2 250 G,
Vol.43, No.12, pp.3675-3684(2002).

WA, SFHES, WMARBE, SAEEL ¥ a ¥ v/ Rics T 2 15HEEFIHO -9 0
7 v T AN, EERILEY 25 0CE, Vol.50, No.12, pp.2881-2888(2009).

AW, FFHE, MABE: V2T 77 0ava—T4 Y7 DDDT %M 72K
KIEY 2 AF ¥ AT, ea—<wv 4 v E—7 2 —R¥E5HGE, Vol.14, No.2, pp.21-
30(2012).

FHHAZ, BARRERE: EE e v 2wy = X5 vl L BEGIE~OICH. &G
HOBIE A RaCGE, R - Bift J79-A(2), pp.452-459(1996).

FEHF 2, AR, IR R EHER R L IIRREIC D W72 o = X 5 v FER & FaERla
~DISH, TEHRLE Y25 5GE, Vol.39, No.5, pp.1325-1333(1998).

BRIGZ, TIMER, SFHE%S, EAREE: AirsticDrum : EF 7 LRI 7 L %246 T 57
DD N T LAT 4 v 7 DR, THHRULE 2R SCEE, Vol. 54, No.4, pp.1393-1401(2013).
Lv, Z.: Wearable Smartphone: Wearable Hybrid Framework for Hand and Foot Gesture
Interaction on Smartphone, In Proc of 2013 IEEE International Conference on Computer
Vision Workshops, pp.436-443(2013).

Gong, J., Zhang, Y., Zhou, X., Yang, X. D.: Pyro: Thumb-Tip Gesture Recognition Using
Pyroelectric Infrared Sensing, In Proc of UIST’17, p.11(2017).

Lin, JJW., Wang, C., Huang, Y.Y., Chou K.T.: BackHand: Sensing Hand Gestures via Back of
the Hand, In Proc Of UIST’15, pp.557-564(2015).

Augsten, T., Kaefer, K., Meusel, R., Fetzer, C., Kanitz, D., Stoff, T., Becker T.: Multi Toe:
high-precision interaction with back-projected floor based on high-resolution multi-touch
input, In Proc Of UIST’10,(2010).

Marin, G., Dominio, F., Zanuttigh, P.: Hand Gesture Recognition With Leap Motion And
Kinect Devices, 2014 IEEE International Conference on Image Processing, p.7(2014).
NI, PRI, EF KRR, AR, LG —, =Rk B o0& LicEH L -8hfF
RNE =D 1 RICFFFAIED < Bk 0 285, H LY L5 G, Vol.44, No.2, pp.466-
477(2003).

EEEA, ANLHEK, SPRE ], MEEAA: BREBIRINICE O ¥ = 257 v 385, HAr A+
v b FaEE, Vol.28, No.6, pp.756-765(2010)..

Davis, J.W., Bobick, A. F.: The Representation and Recognition of Human Movement Using
Temporal Templates, In Proc. 1997 IEEE Computer Society Conference, pp.928-934(1997).

61



[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Molchanov, P., Gupta, S., Kim, K., and Kautz, J.: Hand Gesture Recognition with 3D
Convolutional Neural Networks, In Proc of IEEE Transactions on Pattern Analysis and
Machine Intelligence, Vol.38 , pp.1583-1597(2016).

Vogler, C., Metaxas, D.: ASL Recognition Based on a Coupling Between HMMs and 3D
Motion Analysis, In Proc of IEEE Sixth International Conference on Computer Vision, pp.
363-369(1998).

Cutler, R., Turk, M.: View-based Interpretation of Real-time Optical Flow for Gesture
Recognition, In Proc of International Conference on Face & Gesture Recognition, p.6(1998)
Sun, K., Yu, C., Shi, W., Lu, L. and Shi, Y.: Lip-Interact: Improving Mobile Device Interaction
with Silent Speech Commands, InProc of UIST 18, pp.581-593(2018).

ST, ADARENAN,  BEER, MEILEEE, BEER: GRBIERD o DAY = X F v ik
2T I, RIS ARCEE, Vol.37, No.6, pp.1234-1242(1996).

VAR —, mFERE, Bk, FE—: EWEFREICO 0D Y T A VHURATRER Y = R
FrBERDO R K v 7 4 v IR AT L. BRUEHORIE EREOGE, 1998 IR
J81-D-2(8), pp.1820-1830(1998).

EIIGRE, WK, JBAM— [ v 27270 a vy AT LDEODOERILE 3 Kouv F
Y x AT v BT, HWE A A, Volb1, No.2, pp.229-239(2010).

Negulescu, M., McGrenre, J.: Grip Change as an Information Side Channel for Mobile Touch
Interaction, CHI'15, pp.1519-1522(2015).

Eardley, R., Roudaut, A., Gill, S., and Thompson, S. ].: Understanding Grip Shifts: How Form
Factors Impact Hand Movements on Mobile Phones, In Proc of CHI'17, pp.4680-4691(2017).
Eardley, R., Roudaut, A., Gill, S. and Thompson, S.: Investigating How Smartphone
Movement is Affected by Body Posture, In Proc of CHI'18, p.8(2018).

Eardley, R., Roudaut, A., Gill, S. and Thompson, S.: Designing for Multiple Hand Grips and
Body Postures within the UX of a moving Smartphone, In Proc of DIS’18, pp.611-621(2018).
Alvina, J., CarlaF.Griggio, C. F., Bi X. and Mackey W. E.: CommandBoard: Creating a
General-Purpose Command Gesture Input Space for Soft Keyboards, In Proc of UIST’17,
pp.17-28(2017).

EEIER, KEE»B Y, PIINES: HEi<y ANERERICE T2 vy 2 X F ¥ AT
fERA v 27 2 — X, [ERIPRYS50CGE. Vol.4l, No.9, pp.2413-2422(2000).

A, OKHSERL, 177 Y %, KEFIRAL SR BARD B & % F v 73550 i R e O i GEEE.
TEHILE A 2550 CEE, Vol.46, No.12, pp.2997-3007(2005).

Gong, J., Xu, Z., Guo, Q., Seyed, T., Chen, X.A., Bi, X., Yang X. D.: WrisText: One-handed
Text Entry on Smartwatch using Wrist Gestures, In Proc of CHI'18, p.14(2018).

Xu, C., Pathak, H. P., Mohapatra, P.: Finger-writing with Smartwatch: A Case for Finger and
Hand Gesture Recognition using Smartwatch, In Proc of HotMobile’15, pp.9-14(2015).

62



[48] Pedregosa, F., Varoquaux, G., Gramfort, A., Michel, V., Thirion, B., Grisel, O., Blondel, M.,
Prettenhofer, P., Weiss, R., Dubourg, V., Vanderplas, J., Passos, A., Cournapeau, D., Brucher,
M., Perrot, M., Duchesnay, E.: Scikit-learn: Machine Learning in Python, The Journal of
Machine Learning Research, pp. 2825-2830 (2011).

[49] Miller, R.B.: Response Time in Man-computer Conversational Transactions, Fall Joint
Computer Conferences, pp.267-277(1968).

63



