002400

oooooooboooon

oooon

HEN
Juobogdbogtdootdboogbood
Jooodoodoogd

000 Jooodoooogoogon

][] HREgngN
o000 O0oOo0odbo oo odon oonn




oogd

gboobooboboobobobooboobooobobooboooooobobobooobo
goboooobooobooobooobooobooobooobboooboooDboo
goboobool1ooboobobooooboboobooobobobooooooobooboob
goboboooobooobobooboboooboooboooobooobobooboooon
gobooooboooboboobboobboobboobooobboobboobobo
gobuodgbboobboobboobbuoobbooboboobbuoobboobboo
gobooooboooobooooboooobooobooooooobooboobooooooo
goobodboboobboobboobbooobbooobobuoobobuooboboooboo
gobodbobooobodgboooboooboooboab



NN

010
1.1
1.2
1.3

020
2.1
22
23
24

030
3.1
32
33

040
4.1
4.2
4.3

4.4
45
4.6

0sOo
5.1
52
53

el
6.1

RN 1
O 1
O 1
OOO0O0O0 .. e e 1
gboboooooboooon 3
I 3
gbooboboobooooooooooooooooonD oo 3
I I 4
UOO00000 ... e s 4
Keyboard Clawingl U D U OO0 000000000 OOOOoOoOoOonDg 6
I I 1 6
UODOO0OD0 .. e e 6
I 9
g 10
OOO0O0O0 .. e e e 10
OOO0O0O0 .« . e e e s 13
OODOODO0 . e e e e 13
43.1 000000000 ... e e 13
432 0000000000 ... e e 14
OODOODO .. e e e e e 14
OOO0O0 .. e e 16
GUIDOODO ... e e 17
goo 21
UODO0OD0 .. e 21
I 23
UO0O000000000 ... e e 24
gooog 28
OOODO . e 28



6.2
6.3
6.4

070
7.1
7.2
7.3
7.4
7.5

080

ooog
goooo

O

6.4.1 DOODOODOO ... e e e e e
642 OOO0OO0ODO ...
643 0DU0DODODODODOODOO ... e
644 0O00D0ODODODODODODOODO ...
645 OUOO0OO0OOD0O0OO ...

gooboooo

RN

gooog

b A00OD0DOOoOoooooooooooobogoooobooooo

obBObObOO0ObOObOObOObOObOObOObOOOO

i

38
38
38
39
41
42

43

44

45

48

51



[]

[]

3.1
32

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

5.1
52
53
54
5.5
5.6
5.7
5.8

59

5.10
5.11
5.12

6.1
6.2
6.3
6.4
6.5
6.6

[]

I A 7
I 8
I ) = 1 0 U 11
I I 11
OOO00O0D000O000 ... e e e e e 12
DOO00000000 ... 15
I I 16
I I U 17
00000000000 000000D00O00 .+ ..o 000 o et 17
GUIOODOOODO .. e e e e 20
GUIOODOOO0D00O0D0 ... e 22
wMpPOOOOOOOOOOOOOOFROODOOOOOO ..., .. 22
Keyboard Clawing U OO OO OO ... ..o 0o oo ot s e 22
I A 23
OO0000O0D0PageDownD OOODOOOOO .. .00 0 o i it vt 23
Keyboard Clawing U DO OO DOODO . ..o oo oo oo e e 24
GuIoODoOoOooooonDoooognO .o oo oo oo 25
WordOOOOOOOOOOOODOOShift+Cul+<000000000CO00OO

OO 25
GUIOODOOO0O0O0O0OD0D0 ... e 25
OO00OOoO0O0DOoOgoshft+ 000000000000+« « .o oo oo u 25
Keyboard Clawing U DO OO DOODO . ..o o0 0o oot e 26
Keyboard Clawing O 0D DO OO OOQOOOOO ... oo oo oo, 27
OOO0 e e e e 29
OO000O00DOO00O00000 @ ..ttt 30
OOO0O0O000000000 ... 31
I U 32
FNOOOODOOOOOODO ... e 34
FROOOODOOOOOODO ... 35

iii



67 ODUO0OODOOOODOOODODOODOODOODODODODODODODODOD 36

7.1 0DO0O0O0O0O0O0O0O00O000 ... et 39
72 ODO000OO0OOO0OOOOOOOOOOOOOOOOOOOOOO. ..., 40

v



[]

[]

3.1
4.1

5.1
52
53

6.1
6.2
6.3
6.4
6.5

7.1
7.2

ooodooooooooooooooooooooooooog ... ... 9
O000000000000000 ... ..t 10
O00o0o0o00ooo0ooooooooooooocoooOg . ... ... 22
I A O
O00000000000000000000000 &~ ..« .« oo 26
OO000000%0 ... ... . . e e 31
Per-User Test OO OO0OOOOOO%0O ... ... .............. 33
Cross-UserTest OO OOOOOOOO0%0O ... ... .. ... .. ...... 33
FNOOOOO%O ... e e e s e s s 33
FKOODOOOBO . ... e e e s s e s 35
O00000000000 ... ... e e e e 41
O0000001400%0 ... .. . e e 41



010 OO0

gboboobooboooboobooobobooobooobobooobgoooo

1.1 OO

ubobooboboobobooobooobooobooooboooobobooboobooooon
gobooooboooboooboooboooboooboooboooboooDboo
gbobgobooobooobooboboobgoboboooooboboboobooooooooon
ooooo [Bevoloboooooboooboobooboooboobooooboooobooo
gbooboobooboobobobobonoooboboobD kKMIR2i0oboooooobo
gobbooobbooobbooobuooobuooobooobooobbooboboobboo
O00b0obOobO[RekO3]0 0000000

gbooboboboooooobobooboooobobobobobDooboooooon
gobobooobuoobooobooobbooobboobbooboooboooboboo
ooooboobooobogo (pPrcH2IDO0DOOOOOOOO0ODOODbOOOOO0DbOO0bOOO0DOoDO
goboobooboboobodo HeSIDODODDOOoOo

ugbobobogoboboodobboobbuooboboobboobboobboobooaboo
gobooooboooobobooobobooboboobobooooobobooooboobooon
goboooobooobboobbuooobooobooobuooboboobbooboo
gboogbobuoboobobdoboboooobobooboobooboboooaon
goboooobooboboooboboobooobbooboboobbuooboboonbobooo
goog

1.2 OO

gobogoobooobooobooobooobobooobooobooobooooon
gboboboboboobobooooboooboooooooooog

1.3 000000

Uiloboboboboobooooobobob 20000000 b0o0ob0obOobooboon
oboooo3000b0b0b0o0bbo0obbbo0oboobOobbd Keyboard ClawingD O OO O



040000Keyboard Clawing DO DO OO0 O00O0O0O 50000 Keyboard Clawing U [
U0OO0Db0ObDO0b0 600D UOKeyboard Clawing U DD OO0 OO0 OOOO 7000 0 Keyboard
CawingU O DO OOD0OOO0OO0OO8UOOOO0DOOOOOODOOOOOODO



020 0O0000ooooooood

ugooogooboooobbooobuoooboobooobbooobobooonobooooon
goboooobooobobooobooobooobbooobbooobboobbOooboo
gobogobouoooboooboooboooboobobooobuooboboooboo
goboooobooobooobooobooobobooooooobooboooooobooon
goooo

21 OJU0ddddooooooooooobo

ugbboobuoobbooboobboobooobobooan

Rekimoto O OO O OUODOOOOOOOOOOODOODOOOOODOODOODOODOOOOO
gogboboobobooobooobooobooobbooobooobbooooboo
00000000000 ThumbSense [RekO3] 00O O0OKmOOOODOOOOOOODOODO
obooobooboobooboobooobobooboobbooobooobobooboboOobon Ghost
Fingers [KM12] 0 O O OO Fallot-Burghardt D D O 0D 00000000000 OOOOODOO
0000000000000 0000000000 Touch&Type[FBES*06, FBKL*03] 0 0 O
goo

gobopboobodooooboobooboobooooobooobooobobooboboon
Uooboobo0obb0obobOoO0bOodn Pointing Keyboard[O 00 02] O O O O O O Pointing
Keypoard OO OO OODOOOODOOUOODODODODODOODOOOOOOOOODODODO
ooodbooboboobooboboobobobiezOUbOoooobooboooobooD
gbgbobobuobobaobooooobooaoooooooogbobobobobobo
0O00oooo [DEWBOOIUBlockDODODODUOOOODOOODODOOOODOODOODODOOD
gobobogbooboobooboboobooboobobooboooboooboobooboob
0o00ob00ooo0obob0o0o0o0b0obO0bOobOiDOdn Touch-Display Keyboard[ BGV10]
gooooo

22 Jddddooooooooobbboboooboooog

gbobobobooboooooooobobobobobobobuobbobobooon
gboboboobobobobooobobobuoooobobobobobobobooooboon



ooboooboooob@moobobodbfParadiso 0000000 40000000000
gboboboboobobobboooooooooboonoobobobobob [PLCHO2]O

goboobooboooboboobogobooobooboobooooboooooboobboobo
gboobooobooboobobobouoooobobobooboooboboboobooooobo
goboboboboboboboboboboboboboboboboobobobobo
goooobo oot bfAmento 0000000000000 OODOOODOODO
oooobooboooooboooboobooobbooboobo0gbOd [AHT02]0 Delye O
goboboboboooobo2bo0bobobooboobobobuoboooboobobo
00o0o0o0oooobobbO00000 Hambone[DPPSO7]0 000 OLopes0 OO0 OO
gbooooooboobobooboboboboboooobobobonoooobobobo
oobbooboooobobboboooboobbooooobD [L]0Murray-Smith O 0O O
goobooooboboboooobooboooooobbobooooboboboogg Stane MSWHQO8]
gooooo

HarrisonO OO0 O0O0O0ODO0OO0OO0ODOOO0ODODOOOODOO0O0ODOO0O0ODOOODOO [HHOS,
HTM10, HSH11, HXH12] O Scratch Input(HHOS| D 0D OO0 O O0OO000O00000O000O0O
gobooobobuoobobooobooobooobbooboboobbooboobooboobooo
Oo0O00dSkinputHTMI0] OO OO DOOODODOOOOOOOOO0OOO0O0OO00ooD0ooooooD
Uob0obo00ob0o0oobo0oboob0oOobOdDTapSense[HSH111O D OO OOODO
gbobopooooboboboboboboooooboboboobonoooobobobo
00 D000OAcousticBarcodes HXHI2| U O OO OO DODOOOOO0OOoOOooooOooooooO
gbboobooobouooboboboobooboobooooobooboobobooobooboo

23 JObOOoOoobooobobooobboo

Berger U0 O OO0O0OOOODODOOODODOOODODODOOODOOOOOOOOOOODOOO
0oooboO BWYO6IUZhvang DO DO D O0ODLOODOODODODOODOODODOODO
0oobDOo0D [ZZToo]0O Kato OO OO OO OO0 OO0OOO0OOOOOOO0OOODOODOOD
U000b0O0O0oOO Surfboard [KSITOJO O OO OSurfboard D 00O OO0 OOOODOODO
gboooboooobooogboobuobobooboobuoboooouoboOSurtboard OO OO
gbobobob200000000

24 OO0OOO0OOOO

goobz210000000000000b0O0bO000booOoboboboOoOo0oooDboDoDO
goboobooobboobbooobooobooobboobboouoobobooooboo
gboboboobooobooooooooo

oboooob 22000000000 00b0ob0ob0b0oboo0bo0obooboDgn
gbobobpoobobobonooobobboboobooboboobooooboooooDoo



gbobooooobooon
goobobooob230b0000bboooobbobooobbooooooboooobobon
goooobooobooobooboboboboboobobO BWYO6, zZTOO1O DO D OODO
goooboobobooobboboooooobooboobooooooooobbooooooooo
[KSIIojO D OOooooboob400b000000Db0O00DbO0O0ODOO0ODbO0ODbDOO



030 Keyboard Clawing(] [J [0 [J 00 O O [
Jdo0odooooooooooad

Uoo0o0oooobuobobooob0buobuobboooUoboOoogD Keyboard Clawing U
gbobodgbooobuoobbooobouoobboobooabobd

31 JO0ooobobooobbooboboboooboboo

ugoobooobobooboboobobooboooboboobobooobobooooboooooon

goooobboboobobobooboboboboboooooboobobboob 1o
gbobobodgboboboobobobuooboboboboboooooboboooaon
gboobooooo3iooobooboboooooooogoooooooobooboboboo
goboooobooobooobooobooobooobooobbooboboooDboo
gobbogobbooobbooobooobboooboobobuoobobuoobobooooboo
goboooobooboboobobooboobooboboooooobobooboboonoooo
googboobooboboooMbobooboboooBsbobobooboboobo
gbobobobobobobobobo20b0000 3.200

32 OOOoogo

uboboooobooobooobooobooobooooboooboooboooooo
goboogobobooobboobbooobooobboobooobool1booooboo
gbobgoboobooboooboobobobobooooboboboobooobooobooooon
goboooobooooo

googd

Keyboard Clawing D D O OO O DO ODOOO0OODOO0O0OOOODOODLOODOODOODOOOO
gobooooboooooboobooboobooboobooobooobooobooboooboon
ubobooboooboboobooobooboon



%LhkkhLLLJuUUUUUUUL

jUUUQQUUE'

(b) O

B 0 e e R e OF O Je
jUUUUUUUfJ
TNLI )=

031:0000000000000000



S INE
uyuuuwW

Ctr

/¥

032:00000000000000000

gooo

Keyboard Clawing D 0 0 0D OD0OO0OO0OO0O0O0O0OOO0ODOODOODOOOOO0OOO0
gboboboboooooboboboobooooooobooboboboboobooooon
goboobogoobooooobobooboooooboobobobooooboobobooooob
oooo

googd

Keyboard Clawing D00 0000 000000000000 DOOO0ODOOODOOODOOOD
gboogoboooooboobobobogooboooboooooboobooboboobooobooooon
0o00obo0o0o0o0boobdbuobOogng KeyboardClawing OO OO0 OO0 OOoOoOoOO
gbobobobo

goboobooboobooobooboo

[DEWBO09, BGVI0] 0D O ODOOO0O0OO0OOooOoobooooobooooboobooongn
O0oO0bDObodgbOOKeyboard Clawing OO0 DO DOODOOODODOOOO0OOOOOODO
gbobogobooooobooboi1gobgobooooboboboboobooooooooon
gobodboooobooboooboaboo



33 Jddoooooon

gboogoooobobobobobooooobobobooobooboboboooDooon
gobobooobboobboobbuoooboooboboobbooooboooobobooo
goboogoboooboooboooboooboooboooboobobooooboo
gbogogoboobooooooooboboboobooobooobobooboooooooon
obooooooogos3igoooo3iooooooooobooooooobooooobon
gobboooobooboobbooboobbooboobooon

031:000000000000000000000000000000
oo 0 0 O U

O gooo (oooo go oo
ooog oo 0 ooooo (bgooob




040 OO0

OO0O0ODOKeyboardClawing U D OO OO0 O0UOO0OOO0OOOO0OO0ODOOOOODOOODOO
gopbooboobobuoobooobooboonbobo

41 000000

gobooboboooobooooobooooboboooboobooboooboooboobooboo

gooo

gboobobooboboooooooboooooooo410000

gooooo

U0bo0oobobobooobooogbboOShadow D OOODOODDODODO SH7100UO 4.10
gbbobobooboboobobboboobobooboobuoobobobobobo
000000 DbeldDO KB212-BOOOOODOODOOOOO0OODOOODOOODOO Enter
gobooboobobooboonb 420000

gooooo

gboobobooboooboob430000

gobobobooooooboobobooboboboooboobobo sgoooobooboooobo
25600 0000000000DOOO0OOODOOOOOOODDOOOOYKHzO0000DO
goboooobuooboboooboooboooboooboooobooboboooboboo
gooboboooboooboooooooooooooo ADgogooooboboboo

041:.0000000000000000
000 | Dell®Vostro 260MT Desktop

0S Ubuntu®10.04 Lucid Linx !
CPU Intel®Core i5 3.10GHz

10



U41:000000000000D00OSH7100

042:.00000000000000000D0O

11



Get Environmental

Moise

v

Loop Start

1;\\

-,

Reduction

Moise

'

AT

~Detect the ™.

MO Peaks? e

. -

e

e

YES

Oceur the
— Keyrelease\—
YES \Euenta?/ NO

NS

043: 000000000000

¥

Smooth Wave Cut Wave
Count Peaks FFT

SVM Classifier

12

r

Execute Shortcuts or Commands

l

{ Loop End




gobooboooboboooboobooobboobboobbooboooobuooboobooooobooo
gooboboobobooobgooobosoboboboboboboboobobDoobobnooD
gbobobobooooooooboooboobobob ADODODOOoDbDOobOoDbOoDbOoD
goboooobouoooboooboboobbooobobooboobooooboobooboonoooo
gobooobooobooobooobooboboooboooboooboooboo
goguobobooobooobboobbooobbooobbooobbooobboobboo
gboooboboobooboboboobobooboobobooborFrobooooooo
goboobooboobbooboboboobbobobooboobooboosvyMgoog
gogbogobuoobooobbooobboobboobbooboooboobboo
gboboobooobobooboooboobooooon
000000000000000000000000000 Python2.6200000

42 0O00O0O400d

0000000000 D00000D00D0009%kHzZOOOOOODODOO 1ebit000000
001 00000000000000000000000000 lebhitODOOOD0D0OO0O
0000000655350 000000000000000000000000D00DO-100
100000000000000000000D0000000D000000O00000000
PyAudio 00000

43 0O0OOOO

gbobooboobooooboobooo

43.1 00OO0OO0OOOO

Oo0000O0ODO00000D0ODOO00000000000000D0DDODO Minimal Mean-Square
Error Short-Time Spectral Amplitude 0 MMSE-STSAO O [EM84] 0000000 0OOODOOO
MMSE-STSAOOOOODOOOOO0ODOOO0O0O0O0ODOOO00OO00DODDOO00o0ooono
go0OoOoO0O0OO0O0o0o0o0o0oooooooooooOOorOO00000D X(nOOOO
0d0dpnpDOO0OO0000bODOOOOOO0O0OobOO0OoOoDOywOD41000D0DOOO
ooOo

y(#) = x(2) + d(2) 4.1

http://www.python.org/
3http://people.csail.mit.edu/hubert/pyaudio/

13



oboooooooobobosk0b000ob0oboo00 X 0 0ooboobOo 4204300
gooooo

X = Ak exp(ja/k) (4-2)

Yj = Ry exp(j6) 4.3)

00D0,;00000000000000000000D0D000 A 004400000000

A= r(l.s)gM(—o.s, 1, —v)Ry (4.4)
k

rooooooomMio0ooooooooodyb4s50000000000000O0

= 2k o @.5)

04500000 & 000 SNOOy OO0 SNOOODDOOODODOAzexp(jo) 0000
gboobogooooboobobooogoooobobobooboooboboboboooob
0000025600000000000MMPython 0000000000 -KaisekiD* OO0
OOOOMMSE-STSAOOUOOUODOOOOOODODOODOLOD 44a0000000000DO
gbobob44b0b00oooboobobO0obO0bOobOOobOO0obDoDOobOobODbOD
gooog

432 0000000000

000000000000000000000000000000000000000n
0000000000000005000000000000000000000O00000
0000000000000005000000000000000000000

00000000000000000000000000000000000000o0O
XlibO0OOOO0 0000

44 00O0OO0O

uboboobboobobooooboboobooooobobobobooboboooon
goboobooobbooooboooboboobobooobooobbuoobboobboo

“http://kaiseki-web.lhd.nifs.ac.jp/wiki/index.php/Python 00 0 000000 O
Shttp://www.x.org/wiki/

14



MF‘“

‘0.00 0.05 0.10 0.15 0.20 0.25

(000000000

0.00 0.05 0.10 0.15 0.20 0.25

() 000000000

0440000000000

15



045 0000000000000DO0DO0ODO

goooosoooboboooboobobooooboooobobooooobooooobon
ob4s500000000000045000000000D0OOODODODODOODODO
gboobooog22oo00dnogpo2sboboooobobobobooooBOObDOD
gobobobobosbobOobobobobobobobobOobobobobobob
OBOOOOOO20000000000000000BOOOOOODOODOOODOOOODO
goboobooooboooboobboooboobbooboobo BbOoooobooooo
gobobobobo4s50b0bo0b0oboobobooboooobo30b00nDo

45 00004

ugboboboboboboboboboboboboboboboboooooboooboaon
goool1obooboboobobogooboobobooooooobooboooooooo
gobooboobooboobooboobobobooboobOooboobooon 2000
gboboooboboobo 4700000000000 DODOOOO0OD FFTODOODOOODOO
ooooboobooboobobooboFFTO0bono20000b0boboobobooboboboonbooD
ooboooobooooboboooooobbooboboooboobboon 46000

gooooobooosvMooogogosvMoooogo ec-Ssvcoooooooooooon
O0costd D 51200 gamma U O 0.0001250 0000000000000 00O0O0O0O0OODO
gbooboobobooobobobooobOo  FrFrFTOOO0OODODO 100000000000

16



oobobobobooobooobooogooooo-1oo1boooooooooboobobob
go0D LIBSVM[CLITOODODOOO0oOogoo

10

o m oB oo @

20000 30000 20000 30000

() OOO (b)yOo0o0o

o N B oo oo

20000 30000 20000 30000

(000 @ ooo

O46:000000000D0000DODOODO

4.6 GUIOOO

gobooboooboobooboaeuIobogboobooooooboogobo 48000000
gobooboooboboobogbbooboooo

gobooboooboboooboobooan

gopbooobdooobooobooobooobbooobooobboobbooobo
gooobogb2o000000000000000D048M0O0000000000000O
gboobooz2o00000000000000000O00O0O0O0OD 4800000 48000
gobooboobboobooboboon 4.8c™

0.8
0.
0.4
0.
0.
0.
0.
0.

=]

1R.00

FEOBIEE  IEOHEIC(ER

U47:0000000D00DO0DOOODOOODOO

17



goboogbooboooooo

gbooooobogbobobo48p00oogoooboboboboooooobobobooon
gbobobooobooboboboboboooooobobob4dbnobobOD
ooooboobooobobooboboboobuoooobob 4800DELDDOODOODOOD
gobogobobooooooobooboooooboobooooobooboobooobooobob
oooo

oooooobog/oooo

OSAVEOD O OO0OO0 4800000000000 0O0O0O0O0O0O0O LIBSVMUOOGOoooo
gboogbooobobooboboboobob48kbbobooboboobooobooobon
OLOADODOO0ODOO 48g0 000 0D OOOLIBSVMUODODOOOOOODOOOOODOOD
gboboboboboboboobbobobobboo48iObODooDooooooDooDonDg

gooooo

GguloogoobooooonuBsSsvMioOoooooooooooooooobooooon
gboboobobooboooboobobobooooboobobobobobobobonoo
obooboboboooboooooobooboobooboboboboboboboooboOn 480
gobooboooboobobboobo48mbobogbooboobooooobobooobon
ooobooodb4gquooooooboobobobobooooooooooobon
ODO00OD0ODMMEXECOOODODOO 48hd0oboboooooooonoooobobobon
gbobobobobobobo48sbbobobobobobobobobobob
oboooboobooboobooooboobooboo 480000000 M modelll OO
obbodMestD 000D OOO0DDOO0OODODOODODOODODOOODODOOODOO
goooboobooooomimz2m3pboogoobooooobooooboooooobon
goboobooobooooboooboo

OO0o0OoO00DOOoOoOoOoO0D ONOFFOODOO

U00000000OoououoOoUo ONOFFUUOOOOOOOuoouuy 4.8000 noise_reductiond
Uboooogogo ONOFFUOODOO0OO0O0000000000 ONOFFO OO OO0

gooooon

oooooooobobOob00@mRECODOODOO 4o ooooboonbooon
goo0bobobObORECOODODO0ODODLDODODOODbDOOOODO wWAVODOO
gboogboobooobooobobobooboo4anbooboooboooboooboon

18



wAvVOOOooooo

wAVOOOOO00O00O00O000000b0000@PLAYDDODOD 48000000
gooowAvVOOOoooooooooooboooooboooobooboooooboooboob
ooboboooobooooboooobooobobobob48toopgoooooooboon
gboboboboobooooooooooooobooboooboobooooooooog

O00DO0O0O0ObO0ObOO0ObO ON/OFF

Uo000o0ob0o0ob0b00o0b0OOoONOFFOOODDOODOOOD0ODOMMONITORO O OO
ob48pio0oogoobooooobooogbobboboobboooboobobogoonoo
gooobooboboobooboooogobooboboooboooboobooboosboboDb
Ub48e0000000DO0DOODOOOLOOOOOOOOOOOOODODODODODODOD
goboogoo

19



D ©® Real Time Detect

|
= == =] =]
S opa B 0 OO0 ROk e

[=]
=

S~

Change Label(d) save (D)
8
E

@ 0 4

LOAD(Q)
10 exec(h)

11 DEL (1)
rec@(D

1

[

2
3

%3 ©

=J

model '@
model (1)
.

model (T

iy
test.wa /)

0.25

. . )
sl noise_reduction=)
MONITOR P

test (@) 0123(5)

4

[l

pLaY (B) |testwav(

b

48 GuUIODDOOODO

Status = 0, number of data =[17,0,0,0,0, 0,0, 0, 0, 0, 0, O]

20




st oot

U000 OKeyboard Clawing 0 0D OO OO OO OO DO OO OKeyboard Clawing 0 O O 0
0000000O0o0ooO00oooO0oo00oooooOoOO0oooooDooOoooo

e JOODODODO
o JOOODODOO
e JOODODOODOODOO

oooooogooboboobooobobbobooooboobob b oo o004 b Udelawingd
gooo

510 O0oogdd

gbobobobobbooboboboboboboobobobobobobeuInoon
gobbboooooobooobobooobooooobob euibboobooobooboon
gbooooboobooobooboooooboogoboeuIibooboobooooboogon sam
gobooooboooboboobboobbooobooobuooobooobbooboo
gobodgobuoobuooobooobooobbooobooobooobooboboo
goboooobooooboooboooboboooboooooooboooboobooobooo
goo0bobooooooboobooob0o0o0obo0obb00obOoU0UobOoUbbUWwindows
Media®Playerd O 0 WMPO OO ODODOOODOOOwMPOOOOODOOOOODOOODOOO
ooobobobobob ppOb0DOoROObODooDgbDobOobUDODdMacintosh®U O
UOMacODOODDODOODOOODOOOODODOOODOODODOODOODODOOFRFIIDODOFI2
gogbobogobooobboobooobboobboobboobboobbooboo
goboboobobooobooooboboobooboboobooooboooooboboobobooon
gobooboobooboowMPODODO MacODOODOODOODOOOODOODOO
goboooobooobuooobooobooobooobuoobobuobobooooboo
obooboboboboobon s.2m

gooooobdooobooobbooobooobooobooobboobbooobo
5100000000000 000000b00b0boboboobooboobobobooDnDo
gobooooboooboboobboobbooobooobobooboboboobooo
oobooobboooboooooooos30bo00g s300d0rightelawingOD OO0 OO
10%0 00 00 2-leftclawing D 00 0 2000000000

21



gsl:guigboobobobon

gs2wMpOODOOO0OOO0O00DODOOOESD
obooboooo

Os1n:000000000000000000DO0000000DO0

ooooo | 1 | 2 | n
0 -10% | 20% | —nx 10%
0 +10% | +20% | +nx 10%

T uwiwil F ]
)

(a) right (b) left

0 5.3: Keyboard Clawing D 0 0 0 O OO

22



52 OUOOOoood

gobooobogoooboooboboboobobooboobboboooobooboboobo
goboooobooobooobooobooboboooboooobooboooooooo
ooobobooboobobobooobobooboboooboobobooobOobooob s40o
gboobobobobooboobobobobooouoboboobPageDown OO OEnd
gboboooboobobooooooobooboboboboboobooboboobonoonooo
gobooobooobooobooobooobooobooobooboboooboo
gog s.s50

o=

TTOTT AT N~=Y [V A

055 0000000PageDownd 00000
god

Us4 0000000000000DOO0ODO
gbooooooooo

000000O0O000ooooooooOo00oooooOo00oooooDoDoOoO0oooo
s200000000000DOO0O00O0DOCO0O0bDOOOO0ODOOOObODOOOODDO
oooooobOo0ooOOoO0oOo0OooOoOoooOooOoboOoObDOo0oDbDooDbooOooboOoDoboo
ooobobobobobobobog sedbgdgbosebdbl-upelawingD OO 1000
obob0ddd2-downclawingO OO 10000000000 DO O 3-down clawing 0 0O 0O O
ooooOooboogooooo

Ogs2z:00000000gogogogongogonoogonoogopobgon

googo 1 2 3
g o010 (001000 jgoboo
g oo 10 (001000 (joboo

23



sssss

yyyyyy
EEEEEE

(@1 000000D0O0 Mb)y 10000000000 (cOoopDooobooo

O 5.6: Keyboard Clawing U O O OO QOO Qd

53 ooooooooogd

gobooboboobbooooboboobbooooboooboobobooobooaeuInoon
gobboboooooobooobooobooooooo euibboobooobooboobooboooon
gboodoboobooboobooooobogoboauiboobooboobooboogn s
gbogbuobubobooboobobobobbouooboboboboboobobo
obooooooobbobooboobooO000i000oooouoUnoddMicrosoft®Word®2010
00O wordOODOOODUODOOOOWordODOOOOOOooooooobooboobooo
gOShift+ Cul +>0000000000000000Shift+Cul+<000000000OO
gbobooboooboobobobobobobooboobboboboobobooooooono
gobooboboooooboobbooboboobobooboobooboboossmuboboooD
goboogobuoooboooboooboooboooboooobuooboboooboo
gobooooboobboooboooboobobooboobooobuooooooboooo
gooooboboobooboboboobuooboboobobbobooboobobo
gboooooboboooogooososmuooooboobobooboboibdn Shift +
goobooooobooboobobolrgooomshift+Cul+ 0000000 0OO0ODOODO
ooo1oooodshift+ HomeD EndlD OO OO 0000 DOOO0OOO0DODOOOOOODOODO
gobooooboooboooboooboooboooboooobuooooboooooboon
boboboboboboboboboboboobon saom

gboboboboobooobooobooooboboboooboooboobobuoboobon
gboogobooobooboobos3gbouooooooboooboooobooboooboooboooon
gbooboobobbobobooboboooboooobooobobooobooooboooaon

24



Arial Unicode - 18

Bru-48 [

- | IDODODNODE BEF
: XY RN - HEs
;14|} t e J : )

‘20
not stop thinkin 5, ¥

w. i 3 43 K|S = S ‘
\
058 WordODOOOOOOOOODODOO Shift

+Cul+ <0 0000000000000

gs7.eulibogoooobpoobooooon

. | [tz
Ij_:’:annot stop th " LJW

£

e i

0510 0000000000Shift+0000
059 GUID0OD0O0OODOOOOO ooooooon

25



goboboobboobbooboboooboooobboooboboobooboooooobooon
goboogooboobboooboooboooboooboooboooboooboo

gbobobobobobobosiigb sa12o0booo

gs3:000000000000000000000000O

goodan 1 2 3
U U00000045pt | DODODODO+10pt | ODODOODOODO+15pt
U gooo00ooo-5pt | DODODODO-10pt | ODODOODOOD-15pt
U 010000 010000 googgo
U 010000 010000 googgo

| cannotstop th

| cannotJstop th

| cannot stop th

C h i 0 N & - & ( F‘ = W0
s lo o = I~ s o l- s iz |ls o |-
W e I e P T WX F I X -
1 = NG 6 = WF \F s )F % =
L S 1l I 1 l— 3 o€ j 1 l—
Q\?T\ T s Pt
/] v [ /\ : . r © f !/ ) - N~ |/ £ / .
[/ rE / [ & |8 \§ i< B
/ I/ | \ LY
|

@010000 (O 10000 (00001000

0 5.11: Keyboard Clawing U 0D O OO O OO

26



AA Ay
]E ]j...LJ.LJULJL

@ ptO0 (b) 15pt 00

0 5.12: Keyboard Clawing D O 0 D000 OO0DOO

27



el OUUOO

OO00000 Keyboard Clawing DO D OO0 OO0 O0DUOO0D0OO0DODOOOLOOOOODOODOOO
goboooboogan

61 UUO0O0O
gboobobobobobo
e NU0ODOOODLODOODLOODDOODLUOODLDOODDOODLOODLDDOODbDOO
e NOUIDDOODODOODLDOODDOODDOOODDOODLDOODO

e JO0O0OO0OODOODOLDODODODOODLODUDODLOODODLOODOODOD
oo

e NUIODODOODDOODOODDOODLDOODODDOODLDOODO

62 0UU0O0O0O

gdbobooouobooouobooobobbobobooogbelbbbbbOO220-24
googobobooboobooob 11obbo1gb0 120000000000DO00O0O0 100
goboobooobooboooboooboooobooobbooobooooboboobooooooo
gobooboobobooboooi1oboo1nnoboobooon

6.3 UU0OO

goobooobooobooobooobooobbooobooobboobboooobo
gogboogobuoobboobboobbuoobboobobuoobbuoobboaooboo
goboooobuoobobooboboobboobboobooboooobooboobooooobooo
goobooobooobbooobbooobbooobbooobboobboooobo
goboooboobobooobooobooobboooboooobuooboboooboo
goboobooobooboooboooon

gbobobooboboooooobooboboboboooboobobobuobooboon
oboboboboboboboobob AOBOOOOOOOO

28



ge6l1:0000

ooo

uboboobogbood

. 0b0o0obo0booobooboooobbbooboobbooboOo

2. 000000000000000000000000

W

.000o0oooooooooooooooooomg e2d
4 ObobobobobobobOobOobOobOobOobOoDbObOODbObODbDODD
5. 0000000b00oooooobooooooooooooon

6. 305000000

oooobooboboobooboouo40000b00b0000b0DDODOOODOODODODOO0O0O0
gboooooboooob1140400000000000000O0O01-100 1000000
goboobgooooboooooboobobooooooooboboboooooo10boD
gbobobooboooooooboboboboooboooboooboboboboobooooob
goboogoooboobobgoooobooboboobooooobobbobobooooob
ooobobooooon

ooboooobooliooooboD4000Mx20000 xs5s0000 x12000 =1680
gbooboooobooobobboboooboboboooooboboooooobooDboD
gbobobobobobooboboboooooooo

gbobobobobobooooooboboboooobooboboboboobon
goboogoooooobobobobobobobooboooboobobobooboooobob

29



2 © @ Experiment 1

right — 4

ge2:000000000000O0O00ODOO

gobgogoooboooboobobobobooooooboboboobooDoooobobooD
gboboobooboobooobooboooooobooboboooboobooooboboob1Ion
gboogobooooobooboboobgooboooooooboboobobobooobooooon
goboboboobobooboboobobobobbooboboboooboooboooo

64 JODOOOOO

gbobooboobobooobooboooon

641 0O0O0OOOO
ud

oooobooodelooobooobooooboooobobboooobbooooDoon
goboogoboooooboobobobgoboooooobobooboboboobooooon
gooooboobooboooboobooouobo20b00b0000 98.2%090.5%0 000
ooobooboooobboooooDoboooDbboOo30000 91.5%08%.6%20 00000
gooog

oo

goooboodbi1ooboobooobooooboobooboooboo200030000O
gbobobobobobobobo

goboobooboobOoobooboobboobobooboboboobboooobooDboo
gobooooboooboboooboooboobobooobooooboobboonoooo

30



0e61:0000000%0O

o JoBao 0 1 2 3 4
O 39.5 | 83.6 | 98.2 | 100.0 | 100.0
O 37.3 | 75.0 | 90.5 | 100.0 | 100.0
O 244 | 585|802 | 915 | 969
O 19.6 | 54.7 | 76.2 | 89.6 | 95.6

gobobobooooobooobooboboooboboooboboooobooboooDogD 63
gobooooboooobooobooobooooboooooooboooooooooo
gogbooboobboobbooobooobooobbbooobbuoobboooboo
64b)l 0000000000 OD0OO0OODOODO0OO00O0OO0bOO0b0ObObOD

?4 \lr,Z‘
AARATRARR

(@bo0ooboooooooboboooobooooon Gbyooooooooooooooooono

ge3:0b0lbUibObObODLO

642 0O0O0O0OOO
ud

gbobobooboooooboooboobobobobooobooobobobuobooboon
OO00O0OPer-UserTest 0000000000000 O0O0ODO0OO0OO0OO0O3S00000
gbooogbooboooboooobobobooboooobbe20bobbboboobooD
OooDo0oonoes2id000000Cross-UserTest OO DO OOO0DOOOOODOOOO
oboobos3sgoobooboboboboooooboooobe3sbgboboobobOobOoD
O000000000564%000000000000000 WEKA[HFHT09]OODODOOO

31



(00ooboooooooobboobbobbooooo uoooooobooooooooboobooobobooooo
gooogoo

ODe4:0000DOO00ODDOOOOOOOOOOD

oooooLnBsSsvMOoooosvMuooooo e-SsvecouoooonpuooooDbOoUUdcost
00O 512.00 gamma O O 0.000125 O O O Normalize [0 True 0 0O O O

oo

Per-User Test D 0 O 0 68.2%0 0000000000 0O0O0O0O0OODOOOOOOOOOOO
dddddooooooooooooooooo7000000000000000000
00000000 0OCross-User Test 0 000 56.4%0 00 0Per-User Test D 0 0O 00000
do0o0o0dobOo0ooo0bOo0oooOooobooobOOodobOooooooooboOoooooa
0Jo000d0oo0d0oOo0ooooooDo0oDbodoooO0oooDo0ooooOooooa
00DO0dbO0o0oo0bOO0o0bOoooDbOo0bOoOooDbDoOoon

00odoo0o0oo0obOoooboooooooDOooooooOobDoboboOooOoooooo
Od0odooooObOo0oooooooooooooobDed4300b0000ooOoOooooOOO
0do000d0ooOo0o0obObO0odobO0o0oo0bo0o0obObOoooObOoOoDbOooobOooooo
0do00oodooObOOo0ooDbOO0odoooooooobOoooooo0ooboooooooooa
oooodooooooooo

643 U0O0O0OO0ODOOOOOOOOO
gd

gbobooboooooooooboobgobobooooobooboboboobobobon
obooboborFrNOOOOOOOOOODOOOOFFNOOOOOOOOO 103%2000000
goooboooooboooobooboe4bio FNODODOODOOODOODOD
oooooo rFNOOOOOODOOOOOOODODOG61O0DOODOO

32



0 6.2: Per-UserTest 000000 O0O0OO0ODO %O

6.1)

g Hbb O O O O|00o

O 60.5 | 14.1 | 159 | 9.5 60.5

O 12.7 | 623 | 13.2 | 11.8 62.3

O 49 1 2.7 |172.6 | 19.8 72.6

O 24| 35167 | 774 77.4

a0 - - - - 68.2

0 6.3: Cross-User Test 1 0 O 00000000 %O
aooo

000 O O O O|00o

O 41.8 | 22.7 | 23.2 | 12.3 41.8

O 245 | 464 | 123 | 16.8 46.4

O 100 | 7.5 569 | 25.6 56.9

O 44| 45| 253 | 65.8 65.8

00 - - - - 56.4

OFNOO = FN
FN4OOOODOODO
064 FNOOODODO %O
00 0 1 2 3 4 5 6 7 8 9 | 10 || OO
O 9.8 | 127 | 83 | 0.0 - - - - - - 7.9
O 36.8 | 304 | 153 | 25.7 | - - - - - - 279
0 203 | 113|141 ] 35 |68 | 1.8[00|0.0]|00|00]| 63
0 19.1 | 141 | 83 | 98 | 1.8 | 1.8]00 0.0 |00 ]0.0]| 6.0
00 228 | 176 | 11.6 | 109 | 43 | 1.8 | 0.0 | 0.0 | 0.0 | 0.0 || 10.3
o0

uobooobooobooobooboooboboobobooboobboooobooooon
goooooo 279%000b0b0boobooobooooooooobobobooboon
gboboobooboboboboboobobuobooboobobboobooboooboboo

33




gobooooboooobobooobboobboobboobobooobboobooooobooo
gobooboobboooboo 120b0b400000000000

PNECD EERERIFNZE

25
20 \

e\
10 \

5

1
1 2 3 4 5 5 7 8 9 10

ges:FNODOUODODODODOD

ugbogbooboobobooboobobooboobo FPNODOODOOOOOODOO
FNOOOOOOODOOOoOOoOesSOUOOOUOLODODODODOOODODODOODO
goboooboooooboooboob 1400000000000 00DOODOOODOD
goboooooboo 1-100ioob0bobobobooooboobooooboboobooon
gobobooobobooboboobboobbooobobooboboobboobb FNOOO
gbobobobobobobobobooboboob11obobobOobobOobon

644 U0D0OD0O0ODOOOOOOODOODODO
gd

gobooboooooobooooboobbooboobooboobouobobbOonFKO
googboobooobooobooooboooboooobooooosboboobobooboOoD
goboooobooobbooboboobboobboobobooobooobobooboo
ooobobobobobobOork0O00O0OD00OD00OD045%2000000000000D0
goodoestbioub FROODOOODODLOOD FROOODODOODODOOODOD
gooooo

oo

ugbodgboobobobooboobobobobboobg FOOOOOOOOOOnOO
FKOOODODODODOODOODOOoDbOOeeU OO

gobogobooobboobboobbooobooobooobbooobb FRKO
gobobogobooboboobbuooobuooobooobooobbuoobboaoboboo
400000000000 0D000000O0O0ODODODO 1-1I00 10000000 0ODbODbO

34



065 FKODODOOO %O

00 0o 1 2 3 4 5 6 7 8 9 10 || OO0
O 1.8100 |36 |18 - - - - - - 1.8
O 00|00|00(|00]| - - - - - - 0.0
O 0000 |1.8[36|55|73|146/|9.1|164 | 182 | 7.6
O 36 (18180018 (36| 1.8 [9.1]109 | 73 4.2
guo 1410518 |14 |36|55| 82 |91 136|127 | 45

goboooobooobooobbooobbooobboobbooobooobboooboo
gogbooaobto  rekuggobobogobbooobooooboooobbuoobboaooonoon
4000000000000 0DO00O00DODO0ODOO0 FRODOOODODOODOooDOo
UrkdgboobooboboobobuooobuoboorFrkO0gbobooboboobo
gobodbooboobboobuoobboobuoobbod

uoboooboooboooboooobooobooobooobbooboobooooon
gobooogobbbooboobooboobooboboobooboobooboobon
gbgboboooobobobobobobobooooooboboboboboobo
gbooboooooboobobboobobboboboboboboooobobooboobobo
gbobgobooooboobobobgoboobooooobooobooboboboboooboon
goboooobooobooobooobooobooobooooboooboooooboo
gooobooobooobboooboobobooboboooboooobobooboboon
gboooooo

FRE(%) #B Al B FKEE
" Vs
10 /
8 ""J
& /
4 /
2 /
o e
1 2 3 a 5Em & 7 8 3 10

ge6: FKODUODODOODODOD

uoborFrkO000O0DOOO0ODOOO0O0ODOODOOOO0ODODDOOOO0ObObOO0o0oOoobDOn
67000006700 00000O00DOODOOOODOOODOODODODOODOOODO
gboboobooobooon

35



DQ,UUDUH ] MFWF]WMUMM@MUMMUUUM@
[E 36 37 3F 30 30 € JEOC 96 3F 3 3¢ 3 PTYJT{KTTJﬂF}{% ,,,,,
E=E) e JE 36 0 363 3 JF IE 36 L \[z pddddddaaaaans
B ﬁﬂﬂﬂﬂﬂﬁﬁ@wW‘T@"MWWWW@W@WWWNTT
EE =0 0= IFIEIET F e 00 -0 - 0EA JFFIE)
(b) O

= MHHHMMMMMMUUMMM
FJUWHWWHWMMWM@EJ

adddadaes @ Be

| E_ OO0 ) 8 )
FTFWi%% Je 362 3 E0E )

(d) O

1~3 4~6 7~10 11~ (@)
067:00000000000000000000000000000O0O00O0OO

645 U0OUOOODOODOO

gbobobooboooboooboobooboboboboooooobobobuobooboon
oon

goo

oboooooooboooooobobobooboooooorzoo4b0bobobboon
goboogooogoooooooobobooboooooboooobooboobobooooD
goboogooooooboboobobobobooooooboobobooooboooobooD
gbobogoboooooboobobol1gboobooooooooobobobooboooooon
gooooboooobobooobobooboobooobooobooo200b0b000000O0D
obobobob3goooooooooooooooooo

goo

gboboboobooobooooobooboboboboooboobobobobooboon
030000000000 000000Db00000000000Undo/Redod 000000
gooboooooboboboobooooooooooobg/oobboobooooooboD
gbobogooboooboooooboboboooobooobooboboboobooobooooooob
goboogooooboobi1boboogoooooooobobobooboooboooboobon

36



gobooooboooboooboooboooboooooooobooboooooooo
goboobooobooon

37



070 OO

OO00b0b00b0ob0obO0obOolbO Keyboard Clawing D OO OO Onoooon

71 00000

gooobooooobooboobooobo oo l1obboboobooo200bo0oobO
gbobgobooooobooobobobobobooooboooboobobobobooooon
gogboboobboobbotoooooboobboobbooobooobboooobooon
gobooboooboboobboobobooobooboooobooobbooboboonboboo
gbobobobobobo

e 10

. 00000 20b0db0b0obob0ooboboboobo
2. 000003000000 0b0bO0bObDObODbDObOODbDODbODO

e 10

1. 0000020b0b0b00b0b00b0obobobo
2. 00000305000000000000D0OOODO
3.obobosooooboooooobooboooooboobo

72 0O00O0OO0O

U00DO0D0DOonoOo0On Per-UserTest OO OOOO 682%0 000000000
gobobobobobooobooboboobobobobobooobuobooobobobo
gbobobobobooboobooooobed410b0bobO0obOobObObDOOODODOOO
goboopobuoobobooboboobbooboboobooboobobooboobooooooo
gbobobobobobobobobobUobUobobUobUubO 6.3bMy

ubobooboboobobooobooobooobobooobooobboobooooboo
gobobooobboobboooboooboboobbooooboboboobboobooon
gbobogooboooooboboboobooooobobobooboboooboobooooon
goo7i1o0b0b0bo0oooobobos3sbobobooooloooooooobooboooon

38



gooo200b00000bo0ooobo0ooooooobbooooooboobboobooboon
gobooboboooboooDoo
gboogbooogobooobooboobobbooboooooooemMbbgonooon
gobooooboooboooboooboooobooooooooboooooooobooo
goboobooobbooobboeMMOOgOoobOoOoooboooooboooobooboo
gbobodgboobboobooobbooobuooboan

ettt ==l =T =]=
30 00 O P i s B

00 0.ps 0.10 0.15 0.20 0.25

a

071:00000000000000000

73 U000ddoooooooobobbobbbboooog

gobooboobooboboboboobooobooboooboboboobooo720000000
ooobooobg 10000 bUOb0OONECOD BR34/ VUL ODODODODDOD
gboboboboooooobooboboobooooboobobobobobooooob
goboooobooobbodobbuooobooobboooobobooobboobobooon
goboooboobobooboooboooboboooboboobbuoobbooooboo
goooboooooooboobooobboooobooooboboboboooooboooboboobooono
gbbooooboooboobobbooboooobobooobobooooooobooooooboo

gobodbbooobbooobbooobboobboobobooobooobooooon
gobooooboooobooobooobooboobooobooboooboooobooooD
gbbobooboobbooboooboobooboobooboobobobobooooboo
gobooooboobbooboboobboobboobobooboboooboooDboo
gbobobobobobobobobobobobob

39



|Status = 0, number of data = [61,0,0,0,0,0,0,0,0,0, 0,

O72.0000000000000bD0b00bD0obD0obobDoDOoD

40



74 OUU0000d000o0oooooooobboboo

cooooboooooobooooooobooobooboboooo1bobobboobLboOoDo
oooooooooooooooooooooboooooobooobOoOoboboOoDobooDoo
o0ooO00OOo0DO000O00DOO00DOO0DOO0ODOO0ODO0O0ODOO0ODOOODObOODDO
oobooboooboooboobooboooboOooobOOoUobDOoUoDbOoOoI1IbobDbOOoDOO
ooooobobooooooooboooboogobooooobooooooobooobooDoo
obobooobobooo7ioboooooobooboboboo220b0b0onbD 8o0nd 1-up
clawing 0000000 OSVMOUOOOOO0OOO0OO0O0OOcostD O 8192.00 gamma [ U
2B 0000000cost 00 gamma 0O OLIBSVMO OO OO gridpy ! 000000000
O000gridpyDOODO0OOOODOOODOSVMUODOOOOOO cost 00 gammad O OO
oooooooooon

gbooobooogobobooobobo720b00000boboOobOoOobo1obD2003004
0ooo0oooobooboobod0buoboooOoboU 1-finger clawingd 2-finger clawing[d
3-finger clawingJ4-finger clawing 0 0 0 U000 0O 0O O O O1-finger clawing 0 OO O O O 4-finger
clawing OO OO0O0O0O00OO0OOO 0.0%0 4-finger clawing 0 0O O 0O O O 1-finger clawing U
0ooboooboboooD 0.0%000000 1-finger clawing U 4-finger clawing 0 0 0 0O O
oobDOoo0ooobooobooDbOo0DOoO 1wpelawingOOOOOODOOODOOODOO
ooooooOo0oobOOoO0obOoO0obOoOO0bOOoU0bOOo0DObOObOOoOobDOOoboUODboODoboo
boboboooobooooooboooooobobooosis»0ooobobobon
oooooboobooooooooooooooooooooboboobboobobooobooDboo
ooood

071:000000000000
gboogoood 1 2 3 4

gobooobog ((oboo |goboobb (oboobbooobg (boooboobo

7200000001400 %0

- SO0 g |20 |30 |40 |oo0
10 650100250 00| 650
20 250 ] 40.0 | 300 | 50| 400
30 00] 50900 00] 90.0
40 00100550350 350
00 - - - -1 575

Thttp://www.csie.ntu.edu.tw/¢jlin/libsvmtools/#grid_parameter_search_for_regression

41



75 U0OO04OOUooooogda

oooooboboooooboooooboobobooooooDoobooDobeeI@Mbuooon
goboboooboooboooboobbooboooboobooobobuoobooboooobooo
goboobooobboobboooooboobobooobooobobuoobboonooboo
goboogboooboobobgoooboobobobooooooboobooboboooon
goo

42



080U 0Ooooouogg

ooboboooboooboboobbooobooooobooobobobooobbooon
gobooobooobooobogobooobboobooobbooobboOo1boo
ggbbuooobbooobobooobbooobboobboobobboooobooobooo
goboooobooooboooboooboooboooboooobuooboobooooobooo
gbobgoboooooooobobgoboboooooboooboobobobooboooboon
gbooodgbooggr7oboboboobbooboobuoobooboobobobobobooboo
goboboooboboooboboboobboooboboooboobooobobooobooooo
gbobobobobooboboboboobo

43



HpN

uoobooooboboooobobooboboooboboobooboooboboooobooooon
goboooobooobooobooobbooobboobbooobboobbOooboo
gbboboboobooboobobooboobuooboouoobuoobooobobooboo
goboooobooboboooboooboooboooooooboooooooobooon
gbooboooooboobobobbo0 WAVEDDOOODOOoooooooooooooboo
gbobooboobooobobooboobooboboboobobooboobooooboooboo
goboobooobobooboooooboobooobbooboobbooboobbooo

44



oo

[AHTO2]

[BGV10]

[BWYO06]

[CL11]

[DEWBO09]

[DPPS07]

[EM84]

[FBES*06]

Brian Amento, Will Hill, and Loren Terveen. The sound of one hand: a wrist-
mounted bio-acoustic fingertip gesture interface. In CHI ’02 Extended Abstracts on
Human Factors in Computing Systems, CHI EA °02, pp. 724-725, New York, NY,
USA, April 2002. ACM.

Florian Block, Hans Gellersen, and Nicolas Villar. Touch-display keyboards: trans-
forming keyboards into interactive surfaces. In Proceedings of the 28th international
conference on Human factors in computing systems, CHI *10, pp. 1145-1154. ACM,
April 2010.

Yigael Berger, Avishai Wool, and Arie Yeredor. Dictionary attacks using keyboard
acoustic emanations. In Proceedings of the 13th ACM conference on Computer and
communications security, CCS ’06, pp. 245-254, New York, NY, USA, November
2006. ACM.

Chih-Chung Chang and Chih-Jen Lin. LIBSVM: A library for support vector ma-
chines. ACM Trans. Intell. Syst. Technol., Vol. 2, No. 3, pp. 27:1-27:27, May 2011.

Paul Henry Dietz, Benjamin Eidelson, Jonathan Westhues, and Steven Bathiche. A
practical pressure sensitive computer keyboard. In Proceedings of the 22nd annual
ACM symposium on User interface software and technology, UIST ’09, October
2009.

Travis Deyle, Szabolcs Palinko, Erika Shehan Poole, and Thad Starner. Hambone: A
bio-acoustic gesture interface. In Proceedings of the 2007 11th IEEE International
Symposium on Wearable Computers, ISWC 07, October 2007.

Yariv Ephraim and David Malah. Speech enhancement using a minimum mean-
square error short-time spectral amplitude estimator. [EEE Transactions on Acous-
tics, Speech and Signal Processing, December 1984.

Wolfgang Fallot-Burghardt, Morten Fjeld, C. Speirs, S. Ziegenspeck, Helmut
Krueger, and Thomas Lédubli. Touch&Type: a novel pointing device for notebook
computers. In Proceedings of the 4th Nordic conference on Human-computer inter-
action: changing roles, NordiCHI *06, October 2006.

45



[FBKL*03]

[HFH*09]

[HHOS]

[HSH11]

[HTM10]

[HXH12]

[KM12]

[KSI10]

[LIJ11]

[MSWHQO8]

Wolfgang Fallot-Burghardt, Helmut Krueger, Thomas Laubli, C. Speirs, and
S. Ziegenspeck. Touch&Type - a novel input method for portable computers. In
Proceedings of IFIP INTERACTO03: Human-Computer Interaction 2003, pp. 954—
957, September 2003.

Mark Hall, Eibe Frank, Geoffrey Holmes, Bernhard Pfahringer, Peter Reutemann,
and Ian H. Witten. The WEKA data mining software: an update. Explorations
Newsletter, Vol. 11, No. 1, pp. 10-18, November 2009.

Chris Harrison and Scott E. Hudson. Scratch input: creating large, inexpensive,
unpowered and mobile finger input surfaces. In Proceedings of the 21st annual ACM
symposium on User interface software and technology, UIST *08, October 2008.

Chris Harrison, Julia Schwarz, and Scott E. Hudson. Tapsense: enhancing finger
interaction on touch surfaces. In Proceedings of the 24th annual ACM symposium
on User interface software and technology, UIST *11, October 2011.

Chris Harrison, Desney Tan, and Dan Morris. Skinput: appropriating the body as
an input surface. In Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems, CHI *10, April 2010.

Chris Harrison, Robert Xiao, and Scott Hudson. Acoustic barcodes: passive, durable
and inexpensive notched identification tags. In Proceedings of the 25th annual ACM
symposium on User interface software and technology, UIST *12, October 2012.

Seung Wook Kim and Stefan Marti. Ghost fingers: a hybrid approach to the inter-
action with remote displays. In CHI ’12 Extended Abstracts on Human Factors in
Computing Systems, CHI EA *12, May 2012.

Jun Kato, Daisuke Sakamoto, and Takeo Igarashi. Surfboard: keyboard with micro-
phone as a low-cost interactive surface. In Adjunct proceedings of the 23nd annual
ACM symposium on User interface software and technology, UIST 10, October
2010.

Pedro Lopes, Ricardo Jota, and Joaquim A. Jorge. Augmenting touch interaction
through acoustic sensing. In Proceedings of the ACM International Conference on
Interactive Tabletops and Surfaces, ITS *11, November 2011.

Roderick Murray-Smith, John Williamson, Stephen Hughes, and Torben Quaade.
Stane: synthesized surfaces for tactile input. In Proceedings of the twenty-sixth

annual SIGCHI conference on Human factors in computing systems, CHI *08, April
2008.

46



[PLCHO2]

[Rek03]

[ZZT09]

[0 O 01]

[0 O 02]

[O0 10]

Joseph A. Paradiso, Che King Leo, Nisha Checka, and Kaijen Hsiao. Passive acous-
tic knock tracking for interactive windows. In CHI *02 Extended Abstracts on Human
Factors in Computing Systems, CHI EA *02, April 2002.

Jun Rekimoto. ThumbSense: automatic input mode sensing for touchpad-based

interactions. In CHI 03 extended abstracts on Human factors in computing systems,

CHI EA 03, April 2003.

Li Zhuang, Feng Zhou, and Doug Tygar. Keyboard acoustic emanations revisited.
ACM Transactions on Information and System Security, Vol. 13, No. 1, pp. 3:1-3:26,
November 2009.

gboog,goboo.oogboobooobooboobooboobooboo
g.0ogobbooobuooobobuooobboobbooobbooobo
0000000 OoobOowissS20010000, December 2001.

OO00,0000. Pointing Keyboard: 0 000000000 OOOOODOO
oooobo. boboobooogoobooobooboobobbooobooo
ObooonoobooboboboOooognwiss200200 0 OO, pp. 61-66, December
2002.

goo,00000,00b00.00bbo0o0obbooboboooboooobon
ub.0000000b0 7200000, March 2010.

47



o0 AD0O00O00000o0oooooood
guoguod

gobooboobbooboobbooboobboobooooboon

48



F—bv TEB B BICELZBOT— 9 NEADBADSEW
S TUERCC

ZOEEFFERRIC IHATEE, SO LD TXCE T, AFEO HINE, ¥y TR0
FRCFZBRIT L A OFRBING R IS B HT T

FERHOBRFIE FAAA ZIC TR ETHE ¥, £/ RO MEsEHD
HEESIZE 2 E0OTHY | EEAOBINE HIEHES - 045 2 A TEE,

S e

FEANAE BIHL 24, 9. F o 2TV 1 B BRGSO ik Brehidis
XhEd, F RIS bmE s, Thahl e b il X vt
FlEMEES, KD, F—A—FOf—ARYYavicFEBCARENS . fREX N
P N T T X A Br o TS —h v T2 5o 0 THS £ 4. LT Ao
Glo S IO T AL R L HRAOF] 0 BE LG TEE L T FY v,
by FEo A BTOGRELTI Al F—%2MLTHEIES, BEDEAT%E
140 @) L CIHS 4, ArEmfid s ofREs 20 4, /4, ZAZREICEARC
REEH-TRWE DR LE4,

F—4 MY FWZEL T

RIEEZ B WTHES N ADT — % RO, RO M. S FRAOREICE
WT S WTHEMA B Y 4. TOBIXMALRETE LuX STl 9,

AHARCBEL T, EEAEE MR- [MEL 2 ETHEERIBINL TWeET 2 EER, T
DELMBHE BICEL £9.

R

H
an
m

il BH

anlH#E Pl HRERE R B

49




7V —h
BUFDT > 7 =M It iA I WFhh OB HICOZ 2 T<ET W)

451
1.9 2%

T
( ) Bk

FEF
L4727/ 3. WA

HEFEAT S PC( FEMEIER)
I.7AZ b 7FRIPC 2.7 —=FFw2Bpc 3 27wk BPC
4. F Ol )

HEE PC OBRFICERT 2 F —FR—F OR( BHEER)
.74V b —varv il 2 2oty —F—-F 3.V I7h7z7F—F—F
4. F Al )

EEIZZOFEERVWTABDLEWBERHRA? 7Y r—va vy ENFCTVELEL IR
ATFEW

BEIC, FERICOVWTBEPIERSHITVELAEL ZRATEIL

50




JoBuodbougogodouoooogod
HREEN

gboboobooboobobooboobboobooboo

gobooobooobooobooobooobobooobooobooboboooDboo
gooo

e OO DOOO0ODOODDOODLOODDOODDOOODLOODDOODDOODOO
vboboboooboobooooooobooooboooboboobooboobooo

obobooboobooboboobooobboobooboboon

ubobooboobood

gboboooobooooooooboooooooooooooooooooobooog

gobooo

ubooboboooboboboboboobooboboooboobooooobooon
gdbboobbooboootbocrlooboobooboooobobooobooooooctrl
ubbogobogbooboo

gooooboboobooboboboobobobobbooboboobobooboo
ugbbogo

goboobooboooobo

gbobooboobooobboobooooboo

gboobooboo/gobooboobooboboob

uboooboob0obobbob0obobb0oboboobuobOoDbOUUndo/Redod U
oboobooboobobooooooooooooooooooonDo

gboboobooboobooboobobobobooboboobooobo

51



goboobooobbooobooobobooboobobooog

e JO0O0OO0OODODOOODODOOLOOOODODLOODOOLDODDOODOODOD
gboboboboobobobooboobooob

ggboobobooboboooobooobooobooboobobooboomWooDoog
ubooboboobobooobooboboobuoboboboboboboobonoon
gbobooboobobooboobbooboobbooboobobooobooonoo

ugbboobuoobboobooboo

gobooboobobooobobooobooobooobooobooobobooobooono
oboobooooo

goboboboobooboobooobobobooobobooobooboboboboooooDo
gbooboboobobooboobobooboboobobooboobooo

gbbgobuogbboobooboooob

gbooboboooboobooooboobobooboobooboboobooo
ugobbouoooooboboobobbooooobbobbuooooobobooooooo
ubboobooobooobobooboobobooboooobooooonoo

ubbogobaaoo

gbiloboboboboboboboboboboboboboboboboob

uboboobooboobbooboobboooboobboobooboobonoobg

ubooboboobobooboboobobobooobooboobobobooon
gboobooboboooboobobooboobobobooobooobooooboon
oobooobooooboooboobobob//poo3gbooboobooboboooboboo

goobgooboobogoboo

52



