oooobbogogd

goboobooboooooon

Jubgtdbogdbootdbootdbotdtun
Juoodbootguod

U o

guouog
Joooooobgoooood

good obogo

20150 30



go

gboobbooboobogbuoobobboboobuooboobuoobuoobaooanodyd
gobooooboooobbooobboobboobbooobooooboobbooooo
googboobobooboobboobuoooboooboobobooboouIobo
gbogbuoobobooboobobboobooboboboboobaurgoobobo
goboooobooooboooboooboooboboooboooobobooobobooooo
goboooobooobooobooobooobboobooobooobboooDboo
gbogboboboboobobooboobobbourooboooobooboobo
goboooobooobooobogoboooboooooooboooobooooobooo
gooobooboboobooooboboobuoobobooobooboUIoooobo
U0 Bezel Swipe D0 O 00000000000 ODOODOODOODOOOOOOOOODO UID
00Do00oobooobooboobOoOogn Bezel SwipeUDOOODOOOoOoooooogoD
gbobgobooboooboobobobgoboobooooobooobobobobooboooboon
gboboodoboooboobobooobooobooon



NN

010 oo
1.1 O0000000000000000 ..o oo oo e
12 000000000000 ... oo e s
13 OO0O0O0O0 . e e s e e s
14 O0O00O0O0 ..o e e

020 O0OO0OOOD
21 DODOODODODODODODO0n .« oo
22 ODO00OD00OD00ODODODOO0O .00 o e
23 00000000 . s

030 oooo

30 OO00 .« . e
32 OO0O0 .. e
33 0000 . .o o
3.3.1 single-portrait 001 . . . . . . . . ...
332 double-portrait DO . . . . . .. ... ...
3.3.3 double-landscape DO . . . . . . . .. ...
34 OO .. e

040 0OOODOOODODODODODODODOD
41 d-swipeDUOODOOOO0OO0OO0OOOOOOOOOOOO ... ... ..
42 d-swipeOOOOOOO0OOO0OO0OOO0OD0O0O ...,

oso gdo
5 DOOODODOODODOODOO .. s e e
52 OUOOODOO .. e e e e

el OO
6.1 DODOODOO ... e
62 PCOODODO . ..o e e
6.2.1 ADBUOOUODODOODODODODO ...
622 0OUO0ODOOODOOOOOOODO0O ... oo

O ) NN = =

(o) N



6.3

070
7.1

7.2

7.3

623 DOO0OO0O0ODO ... s 30

gooboboboboboboboboboboboobog .. 30
I 32
OOO0O0O0 . e e e 33
63.1 OUODOODOODODOODODOODOD oo oo oo 33
oooo 35
OO0 10000000 ¢ . .0 e e s e e s e 35
7.1 OOOD0 .. oo e 35
702 OO0OO ..o e e 35
703 OO0 .o e e 36
714 OOODO ..o e e 36
OOOD00OD0 . e 36
OO0 . 37
N 37
OOODO .. 37
705 OOOD0 .« .o 38
7.6 OOD0O0 .. oo 38
OO0 2000000 . e e e e s s 40
721 OO0OD0 .. oo 40
722 O0O00 .. oo 40
723 DOUODO .o e 41
724 OOOD0 .. o0 41
OO0 . e e 41
0000000 ... e e e e 41
OOD0O0OO0 .. e e 43
725 O0O0O0 ..o s 43
button OO . . . . . oL 43
Bezel Swipe OO . . . . . . . . o 44
d-swipe OO . . . . . oo o e 44
7.2.6 OUODOO .. oo e e e 46
727 OO0O0 ..o e 48
N 48
OO0OD0OD00OD0O0 oo e e e e e 49
728 OO o 50
OO03:0000000 ... e e e s s 54
731 OODOO ..o e e e e e 54
732 OO0OD0 ..o e 54
733 OO0O0 ..o 54

i



7.4

080
8.1
8.2

090

734 00000000 .. .0
U0DO0DO0O0DO0O0n ...

RN
OODO0ODOO . s
UODOOD0OO0 .o e

oo

RN

gooog

b A0OD0DOO0OOOOooOOoooooooooooobooooo

obBObOOOODOODbOObOObOOOOOOOOOOOOOO

oocooboboouobooobooooooboboooo

iii

58
58
58

59

60

61

67

70

76



[]

[]

1.1
1.2

3.1
3.2
33

34
3.5

3.6
3.7
3.8
39
3.10
3.11
3.12
3.13
3.14
3.15

3.16

[]

UO0DO0O0000 .0
UO0-000000000 .o

OO0000000000000000 .. ..ot et
DO00000000000000000 ..« o000 ot ot e
O00oooooooooon

100000200003000004000050000 &0+ ... ..
00000000000 00000000000000 xO00O0OyOOoooo
0000 single-portrait 0 00000000000 ODOOO0OO0OpzODODOO
OOO0O0 . o e e e e e e e e e e e
O0D00 single-portrait 0 0 0000000000000 0D0O000OOO0OO
OO o e e
single-portrait ] 0 0 0000000000000 OCOO0OOOODOOODOOOO
DO00000000 .. e e e e e e s e
single-portrait 0 0 0 000000000 OO0OOOOOOOOOOOODOOOO
DO0000000 .. 0 e e e e e e e e e e e e
0000 double-portrait 1 000 0000000000000 O00pzDOOO
OOO00 . . e e e e e e e e e e
0000 double-portrait 0 0 000000000000 DOOOOOOODOO
OO e
double-portrait 0 0 0000000000000 DOODOODOOOODOOOOD
DOO000000O0 ... e e e e e e e e e e e e
double-portrait 1 0 0 0000000000000 0DO0ODOOODODOODOO
DO0000000O0 . .. 0t e e e e e e e e e e e
0000 double-landscape D D OO0 00000000 OOOO0OOOpzOODO
ODO00000 . .o e e e e e e e e e
0000 double-landscape 0 0 OO0 00 O0OOOOODOOOODOODOODOO
OO0 . o e e
double-landscape 0 0 O 00000000 0DOOO0O0OO0O0OOODOOODOO
DO000000000 ... e e e e e e e e e e e
double-landscape 0 0 0 00000000000 O0ODOO0OOOODOOODOO
DO0000000000 ... e e e e e e e e

v

10
11

12

13

13

13

14

15

15

15

16

17

18

18



3.17

4.1
4.2

5.1

52
53

6.1

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10

7.11
7.12
7.13
7.14
7.15

UO00ob0O0o0000Ofreespace D00 .. .. 000000000000 19

d-swipe O O O O O O O single-portraitt] O O double-portraitld . . . . . . .. .. 21
I P 22

ald-swipeU D ODOOOODOODOOO0OOOOOOObDODODOOOOOO0OOO

ooo0o0oooooooooooooooocboDoooogoooogoo .. 25
dswipe OO0 O0O0O0OOD0OODO0O0O0OOOBODODOOOcODODOODO .. 26
dswipe DO OOOD0OO0OO0O0DDODOOO0aOxO0O0O0O0ObOyOdOOOOOcOx-y

OO0000 . . e e e e e 26
0000000 ... s s s e 27
0000000000000 000000000 « ..o oo oo 36
sighed 000000000000 .. ...ttt 37
blindDODOOOOOOO0O0O0 ... oottt e 37
OO0000000000 ... e s e e s e 42
button D OO0 O0OO0O0O0O0OO00OO0O0OO0O ... ... 44
button DO OO OOOOOOOOOO .. ..ot 44
buttonJ OO0 0O OO0 GUIDODOODOODOODOODOO . .......... 45
Bezel Swipe 00000000000 DOO0OOO0O .. ... .. ....... 46
dswipe D OOODOOOOOODOODOODOOO ... 47
dswipe 00000000000 OO0ODOOOODOODOOODOODODOOODOD

d-swipe DO ODOOO . . ..o 00 e e e e e e e e 47
I 49
000000000 o0oooooooooooooooog ... 50
d-swipe 0 O0O0O0O0O Bookmarkk DO OO OOO ... ... .. .. ...... 51
d-swipe DO OUODOO Bookmarkk DO D ODOODO .. ..o oo 51

gooobooobooooooooobooooboooobooobooooog . 83



[]

[]

3.1
32
33

6.1
6.2
6.3
6.4

7.1
7.2
7.3
7.4
7.5
7.6

7.7
7.8
7.9
7.10

8.1

[]

I P 6
gooboooboooooouoooooooooooooooogo L 8
00000000 freespace0OOO . ..o 00000000000 19
R 28
OEVABSOOOOOOOOOOOOOO0O .« ... oo .. 29
Chrome U DO DOOD0OOO0ODOOOODOODOOOODOO0O ... ... .. 33
OO0000D000O0000 ... s 34
I 38
sighted 0 O 0 O single-portrait U O 0 O 00O O0OO0OOO0O%0O0 . ... .. 39
sighted 0 0 0 O double-portrait 0 D 0D OO0 O0OD0O0OO0OODO%UO0 . ... .. 39
blind 0 00O single-portrait 0 0 0 0000000000 %00 .. ... ... 40
blind D OO0 double-portrait U D OO OO OO0DOOOOO%0O0O ... .. .. 40
00o0oOOo0o000obOOooOdoOoboobOOooO0ooboboOoooooogo
OOO000O000 ... s s s 43
Op00ROOOOODOOOOOOODOOOOOOOO ..., 47
I 49
I I 52
I A A A A A 7 R K
I P 58

Vi



010 OO0

ubooboobgobooboooooobobobobobobonoooooboboobooobon
goboooobooobooobooobooobooobooobboooboooDboo
gbobogboobbooboobboon

11 00000 OObOOoOoOoooga

gbobogooboobobooobooobbooobbooobooobobooobooooon
goboogobooobooobooobooobooobooobooobbooboon
gboogobooooobobobobobooboooobobobobobobooooob
uboboobooooboooboobobooboobobon

goobooobooobooobooobooobooobooobooobooooo
gobobogobooooobobgoboobooobobobobooboobobobooboob
gobooooboooobooobbooobooobboooboooobooboobooooobooo
gobogooboooboooboobboobboobobooboboooboooboo
gboobogboooboobobgooooboboboobooboooboboobobobooooob
gboooboboboooobooobobooboooobooboboboboooboobo
gobooboobboobbooobooobooobboobboooobbboobDboo
gboobogboooooboobobobobooboooobobobooboooooooob
00 Chrome 00 00'000000000000000000000O0OOOOOOOOO
goooooooboboogooboooobooccrl+HOODODODOOODODODOOOOD
gbbobboobboobooboboobooboobooboobooboobooogad
gobooooboooobooobooobboobobooooooobuooboobooooooo
gobooobood

1.2 000OO0O0OOOoOo0ood

gboboboobooboooooboobobobobooobooobobobuobooboon
gobooobuooboboooboooboooboooboooobuoobooboooobooo
gbobooboooboobbooboobobobobbobobooboobooooooobooon
goboboboboboobooooboobobobooboooooboboboboooboob

"https://www.google.co.jp/chrome/browser/desktop/index.html



0o00b0b0ob0obOobOobOoDbog [KBCVO6, 00O 07, TUKDI2] D O0DOO0OODOODOODO
gol11b00boboobbooboooboobi12000bb00b0-00000000
gboobogbooooobooboboobgoobooobooooobooboobobobooobooooon
goboooobooooboboobboobobuoobobooo-ooobobooobooooooboon-
goboooboooboooboooboooboooboooboooboooDboo
goboogobouooobuooobooobooobobooobooooboooboooboo
goboobooobobooboooboobbooboboooobooooobuoooooobooo
gobooooboobbooobooboobobooboooboo

F 1 e ™
"4

- @

U11:000000000 1200000000000

1.3 0OOooog

uoboooboooboboobobooobooobooobooobooooboooooon
goboooobooobooobooobooobboobooobooobboooboo
gogboboobbuodobbuoaobbuooobooobboobbooboboooaboboo
goboogooboooobboobbooboboobboobboobbooobooobooo
gbooboobooooon

14 0OOOOOO

goobooobooobooobooobooobbooobooobboobboooobo
gboooooboobobooooobobbooobooboooD2000b00b00b0O0O0obDOoD
gooobooboobooboooooooobooooboogo3ogbooooooooo
gbobgboboooooobooboboobooooboboboobooooooooon
googobooobobooooboooboobooobooobooboobo4b00obobbobob



gbooobooboobooooobobooooboogoooboboooosboboboooo40D
goobobobooboboobooobobtbebobobbobobobobbonoob
gobobobob70b0bobobobobobobobobobobOobobDoobooonog
gboooooooboboooooboboobsbooooooooooboboooooobob
goboooboood



020 0000

uobooobooooboooboooobobooobbooboboobbooooboooon
gobooboobbuooboobboobuoobboobooboobbooboo

21 J0dddooooooooobobo

cooobooooboooobooooooooooooobbooobboooboOooobLooboOoo
HeoOOOODOOUOODOOUOOOOOOOOODOOODOOOODOOODO ForceTapO OO
OO0 [HL1lc]OSerrano D0 OO DO OO OO0O0O0OOOOODODOOOOOOODOODOODOD
ooooooboooooooboooobooooobOoooDoooooOobOoOoOoobDoOooOooDo
Bezel-Tap Gesture 0 U 0 O O [SLGI13]. Hinckley U0 O D O0OD00O00O0O0OOODOO0ODOO
000o000O0o0o0O00o0OOdooO0DO0o0ooOOobOO0ooOOooOoooOoOoooOooooooDog
OooDoOOo0oobOoOoOooDooOoOonD ES1OGeelDO00O0ODOOODOOOODOOO
ooboooobooooOobooooOoDboOobOOoUobObO0bOOo0oDbDOoOobOoUoDboODoboo
OO0O0D0OD00ODOGripSense U0 OO0 [GWP12]O

ooooooooooooooboooboOoooooboOoOo0OoOooDDOboUdHarrison O
oooooooooooooooooboobo0oDooobooOobboOoboboOoboboODoo
0O0o0bobo0ooo0o0obo0obU0bU0bo00oUOn TapSense U OO OO [HSH11]O Ono
ooobooobooooooobooobooobooboobbooobOoobOoOobboObDbooDoboO
O0O000OTouch & Activate D D O 0O 0O [OST13]OMiyaki DO DO DO O0O0OO0OOoOOoOOO
000DoOoooboooob0ob0ob0obOd GraspZoom DO OOO [(MROOJOODOOOOOODO
oooooOOooobooooDboO0OoooooO0oOo0oDOoOoOoODO [HLllb,HL11a,HHI2]O

22 JOOOOO0ObDbOOoOoOoboobOOod

uboboobooboboobooboooboobooobobboobooooboooooobooon
oooooboobooboooboooooogn [BWB06,RLGO9, BABL13]D D OO DOOODO
000000 [BLCT1210000000000 [WR09,WCRIO]OODOOOODOORethO OO
U0b0o00bo0o0bobo00b0o000o0o0ooU0oOoOg Bezel Swipe OO OO [RT09]0
BragdonO O 0OOOOO0OOODOODOODOODOODLODOODOODOOODOOLOObObDODO
00000000000 [BNLH11]OBezel Swipe D O O DO DODODOOODOOOOOODOOOODO
0000000000000 [ZBAKIO,HYPT10,WHM12,KYL12,SLG13,YHHH13,CPZO14]0



U0 HeoOOOOOOOODODOOOOOODOOODOOOOOOOOOODOOOOOOOOO
g20000000000000000000D0DO0ODOO0O0D [HGL14,HL13]0O

23 O0Ooooooogd

gbobz210000b0000bgooboooboboobobooboobbooboobooDbon
gbobobboboboboboobuooboboobbooboobooboobooboboobn
gbooobooboboooboobobobooooboboooooboboooboooooDooooD 2.2
gboobogooboooboobobgoboobgoobooboooboboobooboooboooobobob
gobobooobboobbooabbooobooobbboooobboobbooboboo
gobooboobooboobooobboobooobbooboonn



030 0000

gbobooboobooobooon

31 0o0og

goobooobooobooobooobooboboooboooboboooboooobon
gboobogobogoboooobooboboboobooooboboboobooooooooon
gboboodobooooboobooooobooboooboboobooooboaoo

32 0OOO0O

gbobooboobooobooon

gooo

ugobobogdobbuooboboboodooobooobooobooobbooobooooo
oboos3.10000

00000000000 00SONY Xperia®Z1 SO-02F0 00 OO 127 mm x 65.0 mm X
940 mmUO 0 00 01280 pxrx 720 pzU OS:Android 4220 000000 0OD0OODOODOODOO
gobooooboooobooobooobooobooobooooobooboooooobooo
Oo0o00o0oboooobOoOn usBUOOOADBO Android Debug BridgeD DO O 0O 0 OO
U00b0obooboodO/evinput/eventlU D 0000000000000 00O0O0DOODOODO
oboboboboo3apooo

03.1:00000000000000000000040
oono ThinkPad®X220i

(0N Ubuntu®12.04 Precise Pangolin !
CPU Intel®Core i3-2350M 2.30 GHz




OU3ngooooooooooooogonog

goo

oboooooooboboboooboooboobo 220 -240000000000 120
goobbgoogobbo3fgbbonooobobooboboboobobonobobobo
gbobgogobooooobooboboboboboboboooboobob 2000000
goo

gooo

ooooooooo

0000000000000 0DO0OD0O000oD0oo0O0O0o0oooOoDOOO0oODOn
single-portrait 0 0 O O 3.2(a)J, double-portrait 0 0 O O 3.2(b)I , double-landscape U U O [
32c0000booooboooooooooobooooobgoo

U000ooboobo 4000 Androidd 0000000 OWebODODOOODOOODODOODO
gosNSsOOoOooOoooOoOOoooooOoOooobOooOooobooooooboooobooobooo
obobobobobobobobos2000n

cobooobooooooooooobooooobooobboobobobbooboobOoDo
ooobooobooooooobooooobOoOoboboooboooboboobOoOobboobobooDoo



(a) single-portrait 0 0 O (b) double-portrait 00 00 O

(c) double-landscape U O U

032:2000000000000000000

032:0000000000000000000000000000000
DDDDDDDD\DDDDD

WebO O QOO Google Chrome 39.0.2171.93
OooooobOod | Gmail 4.9(1271612)
SNS Facebook 23.0.0.22.14
RN Google Map 9.1.0




gboboobooobobooobooobbooboobboobooboon
gbobooboobooboobobooboobooboboobooboo AbOoOonoo
ooo

ooo

uboboobooboboobooobboobooobboobooonbobo

e WebI DO O

1.10000000000
2.Web0ODODODODOODDODODDOODOOO?00000000

3.0000000000000000DO00O000DOO00DOOO0DOOO0b0DO0O0 Horl
0000000000000000000000000000O0*0000o0oo
gobodbboobtbperjO0O0DOODDOO0ODLOOODOODDOOD
uobobooobbuooobbboooobbooobobbuooobbooaob
gboobooboogoo

e JOODODODODDOOO

1.10000000000

2. 0000000000000000000000040 000000000000
oboobooooobooooogoo

e SNSU
.30000000ogoo
o 100

1.10000000000

2.00000000000000000000000000000000°0000
uobobooobuooobbooobooobbooobbobooobbooon
gobobooobboobbooobobooobobooobboooobobooon
gbooboooobooboooobooooo 330000

*New York[] Washington D. C.00 Los Angels 1 000 10

3Tokyo 0 O Osakal] Nagoya 0 0 Hakata[] Sendai 0 0 Sapporo 000D 100
‘00000000 JackOEmilydIchiro D000 10
‘0000000000000 0000N00DO00 200000



TR

/e

/SO ﬁ
/ﬁ*a‘%ﬁniﬁéﬂi

i} s

R
i~ e
5 ? -
| E?Fﬁ } S Eﬁfﬁ
-"ﬁ-%m ..-'.- N e L o k=

033:000000000000000DO000200003000004000050000

33 0O0Od

0d0o000oOO0o0oDooooOO0o0bDooobodbooooboooooooa

0000000000000 000000000oooO 1pz00D00O0DOOOODOOOO
0dodoObOooOOobOoooOoobOo ppOooooooooboooo Pp,OO0O0OOOOxO00O00O
dodoOdoo0oooOdoOo0bobOdbOdoDOoooo0oobdboOooDooDooooDoOoonoa
x0O0OOO00O0OO0O0yoODbDOOODDOOODOD O Usingle-portrait d O O O double-portrait
OO0000000 3.4(a) d Odouble-landscape D 0D OO OO OO 3.4b) 0000000 Ox0O
O00yOdDODOODODO

3.3.1 single-portrait (] [

O000single-portrait U D0 0000 0000000000000 00O0O0WebDOOODO
o0 1200buooonooobogo7e800SNSOD 1737000000 15290000
ooooooobooboooooooooweboogog s2o00ooooobooogooo

10



(a) single-portrait J 0 0 O double-portrait (I [ (b) double-landscape [ O

034 0000000000000D00D00DO0O0D0OD0ODOOx000yOODODO

34400SNSUODO 1800 oo 4o oooooooboboobog
U00DooO0oooDbo00obDOUO0Ope D000 DLDOOO0O0 3500 3.5Mb)UO 3.5(c)0
o35sdboboobobobooboooooboobobobooooobobobooooooon
ogbobobobobooboboob3e00gd
o3sog3e0lb000bbO0obOoooOoOoobOooobbOoobobOUobbOooDo
gboboboooooboboboboboboooobobbobobuooooboano
ooooobooooooooooooo 37obooboooooooooo 38suooooooog

3.3.2 double-portrait [J [

U000 double-portrait 0 D00 OO0 0000000000000 0O0O0O0OOWebOODODO
U0 1373000000000000083000OSNSOD 1795000000 12680000
ooobooooooobooooboooowebOOoooos770 00000000000
0376 00SNSOO 1594000000 9%0000000000O000O0O0O0O0OO0OODOODO
oooobooobooboobooboobodbpzioDooong 3900 3.9Mb)d
039¢c)od39dooooobobo3stb3iogboooooooobobobooon
gbobobobooboobooboobooboboboobooobobobobbobbooan
goboogoboooboooboooboooboboooboooboooboooboo
03100000

g3ogg3iogoooooooboooboobobobooboobobbooboooobn
goboogoboooboooboboobbooobbooboboobooobbooboo
googboobooboobobooobo3noooobooobooogob 31200000
gogd

11



600

400

200

180 deg.

-200

—400

-600

—600

-400 -200 0 200 400

-90 deg

(a) Web0 OO OO

600

600

400

200

180 deg.

=200

—400

-600

0 deg.

0 deg.

O35 0000single-portrait U 0 0000 DO0O0O0ODO0O0O0O0O0OO0OO0p:D0O00O00OODOOO

—600

—-400 -200 ) 200 400
90 deg

(c) SNSO

600

12

600

200

180 deg.,

-200

—400

-600

-600 —400 -200 0 200 400

-90 deg

() 0000000000

600

180 deg.,

=200

—400

-600

-600 —400 -200 ) 200 400
90 deg

(d)oon

600

0 deg.

0 deg.



600

500

400

300

-150

-100

~50 ) 50
deg.

() Web 0 OO OO

100

150

800

700

600

-150

-100

=50 [ 50
deg.

(c) SNSO

100

150

600

500

400

300

800

700

600

—150 -100 -50 [ 50 100 150
deg.
by 0000000000
—150 -100 -50 [ 50 100 150
deg.
(dooo

O 3.6: 0000 single-portrait 0 0 00 0000000000000 0000O000O000O

200

180 deg.0

-200

—400

-600

0 deg.

-600 —400 -200 )

200
-90 deg

800

700

600

-150

-100 =50 0 50

deg.

O 3.7:single-portrait 0 D D OO0 000000 O 3.8: single-portrait 1 0 0 00 O0OO0OOO
00od0odooooooobooOoooO0goob oboobOooDOoOoOOo0OOooooDooo
ooooogd

goooboo

13



600

400

200

180 deg.

-200

—400

-600

600

400

200

180 deg.

=200

—400

-600

a y
AR 0 deg.
.
600 —400 —200 0 200 400 600
-90 deg
< Jodes.
d .
600 400 200 400 600
(c) SNSO

600

180 deg., .

-200

—400

-600

200 0 200 400
-90 deg

-600 —400

() 0000000000

600

=200

—400

-600

0 deg.

0 deg.

200 400

-600 —400

(@ oo

600

0 3.9: 0000 double-portrait U D O D000 0OO0OOO0OO0DODO0OOO0pODO00OODOOOO

14



800 800
700 700
600 600
500 500
400 400
300 300
200 200
100 100
0 —150 -100 =50 [ 50 100 150 0 —150 -100 -50 [ 50 100 150
deg. deg.
(a) Web0 OO OO () 0000000000
800 T T T T T T T 800
700 700
600 600
500 500
400 400
300 300
200 200
100 100
0 —150 -100 =50 [ 50 100 150 O.ﬂ-:o [ _HOO— 150
deg. deg.
(c) SNSO (dooO

0 3.10: 0000 double-portrait U D 0 OO0 DO ODOO0O0OOO0O0OOODOOOODOODODODO

800

600
700

400
600
200 500
180 deg.0 ol 0 deg. 400
~200 300
200

—400
100

—600
o

-150 —100 -50 [ 50 100 150
deg.

0 3.11: double-portrait 1 D O D OO0 OODO O 3.12: double-portrait 1 D 0 OO0 DO OOOO
00o00o0oooooooboobooooOodoobo oboboooooDoOoCoOo0oOoooooDoLoo
ooooooon ooooooon

15



3.3.3 double-landscape [ []

U000 double-landscape U D DO OO DOOO0OO0OOOO0O0O00O0O0O0OO0O0OOWebO OO
OO0 Mie00000OnoOobOoOonoOoo93nOSNSOb 2126000000 15580000
gbooobooboooooobobobobooobowebOODOooOOS200000000
00000 s6200SNSOD0O 1943000000 13320000000000000000000
ooodboobobboobooboooboooobobdpb00DODOOOODD 3130
0 3.13(b)0 0 3.13(c) 0 3.13(d) 000000000 3.1300 3.1400000000000
goboooobuooboboobboobboobboobobouoobobuoobobooooobooo
goboogoboobbooobogoboooboooboooboobobooooboo
gbobobobos314b00o0o

90 deg. ; . . . . . 90 deg.

600 600
400 [ » 400
s B

LA
PR . I
s, B
200F e Rt ‘\{’. 200
. DR I P

180degol  T.T 3 et . glaetetet |0 deg. 180 deg.o| 10 deg.

~200 = Q:: . ~200

------

—400 e —400

-600 -600

—600 -400 -200 _ O 200 400 600 —600 —400 -200 _ 0O 200 400 600
-90 deg -90 deg

(@ WebOOODOO Gb)y00O00DLD0OO000Oo

90 deg. 90 deg.

600 . . 600

400

200 o

180 deg.o|.

-200

—400

—600 —600

—600 —400 -200 0 200 400 600 -600 —400 -200 o 200 400 600
-90 deg -90 deg

(c) SNSO (dOooo

0 3.13: D000 double-landscape U U DD O 0000000000000 O0p:00000O
goo

U3pBpod3d4igbooboogbooobooboboboobobboobobooboobooboo
gogbboooboboodobbbooobboooboboobbuoobbobooobboooboo

16



800 800
700 700
600 600
500 500
400 400
300 300
200 200
100 100
R T a—TT) -50 0 50 100 150 s -0 8o 0 50 100 150
deg. deg.
(a) WebO OO D () 0Oooooooon
800 800
700 700
600 600
500 500
400 400
300 300
200 200
100 100
R —TT) -50 0 50 100 150 O S50 —100 =50 0 50 100 150
deg. deg.
(c) SNS @00

0 3.14: 0000 double-landscape U D D D 00000000000 O0OOOO0OOOOOO

17



gooobooboobooboboooboobs3asogoboooooboogooo3ennogn
gooo

90 deg.

|0 deg.

-600 —400 -200 ) 200 400 600 -150 -100 =50 0 50 100 150
-90 deg deg.

0 3.15: double-landscape 0 0 0 0 OO0 OO O O 3.16: double-landscape D 0 0 0 OO0 00O
0ooOo0oboO00bOO00bO00obOO00b ObooboooobooboOobobooobooo
ooobooooo oOoooogod

34 OO

goobobooboboooboboobbooobbooobooobbooobooooo
gboooogooooooogbesoboboobobooboobobbobooobooboob
go-o0obooboooboboboobooboooooobboobooooboboooobon
goooboboobobooobooboboobobooboobobbobobboo urg
gobobogoboooogoobooobobgobooboobobobooooboboboooon
gooooogobobouvulooboboooboobooboobodbOodde.g, 00 WebO DO
goboogobobooboboobboobbooobboobboobobobooboboon
gboogobooooobobobobobooooboobobobobobobooooob
goboobooooboooooboobooesobobobobgoooooooboboonbob
oooboboboboobobobobooooOKBCvVoS, TUKDIR2IODODODODOD
gbobogboooooboobobobobooooooboooboboobobooooooon
ubobooboooboboobooobooboon

gobobboboboboboboboboboboboboboooobobooooon
0oboobobooobboob1»000000000000000000000 free space
oooooog33000b0000031700000000 freespace 00 O0OOOOODO
ooboono 3.17ab0 3.17b)00 3.17(c) 00 000000000000 00O single-portrait
00000 double-portrait H 0 OO0 0000000000000 0O0O0OODO0O0O0OO0O0O0OO

18



033000000000 freespaceJ 000

goog

free space OO O OO

single-portrait

117.4 - 158.1

double-portrait

104.1 - 165.0

double-landscape

-164.0 - -118.8

600

400

200

180 deg. 0 deg.

-200

—400

-600

—600 -400 -200 0 200 400 600
-90 deg

(a) single-portraitl]

180 deg.,

-200

—400

-600

90 deg.

180 deg.

-200

—400

-600

-600 -400 -200 ) 200 400 600

-90 deg

(c) double-landscapel]

-600 —400 -200 ) 200 400
-90 deg

(b) double-portrait[]

0 deg.

03.17: 000000000 free space 1 0 O

19

600

0 deg.



040 000000 0ooooooooogn
oot

goobooobo3ggbbooobuooobboobobooobbooobooobo
gbobogboooboooo

41 d-swipel DO 0O0ODOOO0OODODOOODODOOOODOO

3 0000000000000 0D000D0O0O0 single-portrait 0 0 O OO double-portrait U [
0000O00odoooooo0ooooooogooooooDoooo0oboDoDooOobOoOboOoOog
oobooboooooboooboOoooooboooboooboooboobboobDbooDoboOo
oobooobOo0ooOOo0obOOo0bOOoO0bDOoO0oDOOo0oDOOoU0obOO0ODbDOOoDbDOUODbDbOODbOO
goboobobooboobobobbooboobooobo0ooboobooUobDOoUD diagonal
swipe O d-swipeU OO OO OO

d-swipeJ OO O QOQO

O0D00Od-swipeUOODDODOODOODOOOUOOD 4100000000 00DODO0O0ODO xO
U0ydooboooooooooboooobooboobooobbooooooobooobog A0,
»O0O0O0D00OO00D0C0O0O0000 PO,y 0O000OO0O0ODDOAOOOODOOODODOODO
oboboboboboobobdswipeUDOODOOoOoOoooooooonDoDO

117.4deg. < 6 < 158.1deg. O single — portraitl]
104.1deg. < 0 < 165.0deg. O double — portrait(
distance( Py, Py) > 10px

O00000000distance(P,P) 00 OO0 R,O0OOOOOOOOOOOO

20



0 4.1: d-swipe U O O O O O U single-portraitt] [0 O double-portrait[]

42 d-swipeU U 0ODOOOOO0O0OOOOOOOO

dswipe 0000000000 O0O0DOODOODOODOODODOODODODO

e NOODOOOODOOODODOOODO
e JOUODOUODOODODODO

e NIIDDOODDOODOODLOODO

gboboobooboooooooooooooo

gbboboogobood

dswipelOODOOODOOOOOODOOOOOOODOOODODOOOODOOODLDOLOOOOO
ooobodd-swipeOOUOOOoooooooboooobooobbOobooooboboD
golioobooboooboooooboooobobooooboooobooboooboooooob
gostoooboooobbobbooobbooobboogbobod-swipel ODOOOOOOOOODO
googboobooilioooooboooboooboooobooobooobooobooogoon
gooooboooooooooobooobooonbOorB03,GW00,GSW01,KC10,RB05,LLR09] O
goboooooooo

21



gbooboooooboood

dswipe OO0 O0O00O0OD0OOO0OO0ODOODOOOOOOOOOODOOOOOOOODOOOO
O00Db0O00ODbO0ObO0ObObOUBezel Swipe [RT09] 0 00 O Bezel Swipe DO D OO OO
ooboobobooboobooboooo dswipeDODOODODOOOOOODODOOODOO
O00O0OBragdonODOODOO0OOO0OO0OODOODOOO0OOOODOOOODOODOODOOD
OO000000o0b0bO0bOobD [BNLHI1JOBezel Swipe OO OO0 UOOODOODOODO
0 [ZBAKI10,HYPT10,KYLI2,YHHHI3] OO OOO 100000000000000000O
BezelSwipe U0 0000000 42a000000000000000000O00000O00O0O
gooobogboobooboobooboooobooooogong dswipeOOOooogo
gbd42p0boboboobooboobobobobooooobobobobooooob
gboboobooboboobooobooboon

d-swipeUOOUOOOOODDOOODOOOO0OOOOO0O0O0O0O0OOODO MicroRolls [RLG09]0
Fat Thumb [BLC*12]0 Ta-Tap [HGL14,HL13] D 00 0O

- N O D

N N
O\
\

\

. @ . @

(a) Bezel Swipell (b) d-swipell

042:.00000000000000000O0000O40

gbbboogobbbouooan

dswipeUODOOOODOODO UIDOOOOOODDOOODODOODODOObODOOOODOODO
goboooobooboboooooobbooboboo0deswipedODOOODOODOOOODO

22



st O

obooboobogd-swipeODOOOoooOo

50 udddddooooooon

dswipelOODOUOOOO0OOOOOODOOOOODOODOOODOOOOODLOOODODODOOO
gboobobobobobdswipeDODODODOODODOODOODOO0OO0OO0OO0O0O0 WebD
gobooooboooobbooobbooboboobboobooooboooooooooo
gobooboobbooobooboonoobo

ugbobogobooobboobbooobboobboobuoobbooobooooo
gboboboboboboobboboobooboobooboobooobooobooobooooon
Chrome foriOSUUO0O00O0O0O0DO0O0OO0ODOOODODODOOODOOODODDOODODOOO
gobbogobbooobboobooobuoobboobbuooobuoooboooboo
gobobooboboobboobbooobooobobooboboobooboboobooon
gobooboobooeuiobboboooboboobooboboobooboobbobnobo
gooobogobogbodswipeDOUODODOOOOOODOOOOODOOOOODOOODOODOD
gboboooooboooon

gooboooobooobooobooobooobbooobooobboobboooobo
gogbobogobuoobboobboobobuooobooobooobbuoobboaobboo
ooooobobOd-swipeUDOOODDODOOOOOOODOOODOODOODOO 5.1a,5.1b00000
goooooobooboboogoboob sachbobbo20bgbobogoboboboboooboob
goboogobouoooboooboooboooboooboooobuoobobooooboo
gobooooboooboooboogoboooboooooooboooooooobooo
gboboboboobooo

52 OOO4Odd

51 000000000D00D0O0dswipe000000000O0O0OOODOOODOOOOO
gboboboobobooboobobooboooooooo

e JOODOUODOO
gooooboboooboooboboooboobooboooobobooooooooDo

23



O0d-swipeUDODOOODOOODODODODOOOOODODODODODOOOOOOODO
gboboobooboobbooboobooon

e JOODODODODOO
dswipe OO OODOOOUOOOODOOOODO [KB3]ODOUODOOOODOOoOoooODOO
ubaoooogboobdgboboboboboobobobobobooooooood
uboobobobobooboboboboooboobooboboobobooboooon
dbooboooboobbodboobooobobbooobooouobooooo s.2adn
Od-swipe OO OOODOODOODOODO 52000d-swipeDODOOO0OOD0OOOOOODOO
s2c0000boOoboOobOobOobOon

uboooboobooboboobobooboboooboboooobooooboooboooon
odbooooboddswipelODOODOODODOOODODODODODOODOODOOOODOODO
gboboboboooooobobobobobobobobobOnd-swipe OO
ooboooboobooobooobooboogbooboooogs2zvooooooonog
goooboboboooboobobooboooboobobobobooobooo
Uoooboboooobooooboboos2cdboboodd-swipeOOOO0OO
gboboobooobboobooboo

e NOODOOODO
OO00D0d-swipeUOOOODOOODOOODOOODOOODOxOO0O0DOOyOO
obobobobobobOobOobobobobobOobOooDs3aadxboooooog
530y dpnoooggd s3cx-y00dooonoonoooooooonoooonon
goooo

24



. @

a)\“
\ .\ \

O\
\
N

c) \

@

OS51:ald-swipeODOODODOOOOOOODOOOOODOObBODOOODOOOOODOODODO
gobooboooboobboodecdbbo0obOoobbono

25



e

\

. |/
7R\

\ &2&
\ \

\
a) \k

. @

/

. @®

OS52:dswipeUDUODODODODODODODOODO0DOODOOBODOODOcOOOOOO

. @

/

. @

O53:dswipe000DO0O000O0D0O0O0DaOxOOOO0DOBOyOODOOcOx-yOd

goo

26



el 0OU

obooooobobbddswipelODODOODOOODOOOODODODOODOODDOODOO
gbobobobosobooboooboobobooboobooooobogoobon

61 JO0OOOO

uobooooboboobbooobboooooboooobbuoobbbooobooooo
obooboboboooboobooooooooooob AbBOOODOOoooooADBODO
oobooooboodb Androld0 0000000 0ODOODOOOOOOOODOOODOO
oooboobooooooooobobPpCcO0O0 Android00000000ODOODODOODOO
gooooobobogelboboboobpCcObooboobobobooboboobDobbOoDO

Gy FAR hDOEREF
(ADB)

AZ 1 —DFRR

>3 P L=
Y1 AF v ilE 250—L0O0y %

_ ' [
IV ROET
(ADB)

gel:0bonoonog

62 pPCOOOO

pCO00000O0O0O0OOPCOOOODOOLODOOODOOODDODOODOODGEGIOODDOPC

U0 ADBOUOODOOOOOODOOODOOOODOOODOO0OOOd-swipeO ODOODOOO
gboooooboboooboboboooboooboobooboboooboooobopcobOOD
000000 00Python2.7300000

621 ADBOUOODDOOODOOOOODOOO

goobooobADBOOOOOOOOOOODOOOODOODOODOO

27



[ e N N N

N U R LN~ O ©

ODel:0000D000DOOOODOOODOOODOOO
oon ThinkPad®X220i

oS Ubuntu®)12.04 Precise Pangolin !
CPU Intel®Core 13-2350M 2.30 GHz

gobooobooooooboobbooboobooobooboobobooboobooo
U0o0oo0oDooob ADBOODOOOOODODOOODOODSONY XperiaZl SO-02f00 OS:
Android4220000000000000000000O0O0O0O0O0O0OUOO /dev/input/eventl
goooboogobbbooobboobooboobouelboboobbobbobobDobobDOoD
gbobobolgooogooooooooboboboobotgbooooooooooon
gobobobobobobobooboboboboobobobobobbD 620000

UooooooOobobOo0oEVSYNODODODODOOOO0DOO EVAABSODOOOO
gobooooboooboooboooboooboooboobobuoobboaooboo
gboobobooooooooobooboboobooooobooo ebooobooboobOoD
EVABSOUOOOUOOODODOOOOO0OOD620000EVSYNODDODOOOOODODOO
OEVABSOOOUODOODOOOOODOOOOOOODO EVABSOUOOOODODODOODOOOO
gobodbooboobboobbooboboooooe2060db 800D EVSYNDOOD
googbooooboobooboboooboxybooooooboooboob IDOO
10006000 EVSYNODUODODODODODODOOOODOOOOOODOODOODODO
gooooboobbooboooooboboggooe2b 1sobob 3o0booboooboon
ABS NT_TRACKINGID O OO ffffffff 0 0 0 0000000000000 000000D00
goboobooooobooobbooboobooboo

o0 e.l1: 000 /ev/input/eventl DO D O0O0O0OO0OOOOO

$ adb shell getevent -1t /dev/input/eventl
ddde2: 0000000000 OOOOOOODO

[ 222445.120152] EV_SYN SYN_REPORT 00000000
[ 222448.145086] EV_ABS ABS_MT_TRACKING_ID 0000£fcl9
[ 222448.145137] EV_ABS ABS_MT_POSITION_X 0000006f
[ 222448.145151] EV_ABS ABS_MT_POSITION_Y 00000141
[ 222448.145164] EV_ABS ABS_MT_PRESSURE 0000004€£
[ 222448.145181] EV_SYN SYN_REPORT 00000000
[ 222448.165019] EV_ABS ABS_MT_PRESSURE 0000004e
[ 222448.165028] EV_SYN SYN_REPORT 00000000
[ 222448.175649] EV_ABS ABS_MT_POSITION_X 0000006e
[ 222448.175657] EV_ABS ABS_MT_PRESSURE 00000047
[ 222448.175662] EV_SYN SYN_REPORT 00000000
[ 222448.186252] EV_ABS ABS_MT_POSITION_X 0000006d
[ 222448.186260] EV_ABS ABS_MT_PRESSURE 00000021
[ 222448.186265] EV_SYN SYN_REPORT 00000000
[ 222448.196644] EV_ABS ABS_MT_TRACKING_ID fEfffffff
[ 222448.196653] EV_SYN SYN_REPORT 00000000
[ 222451.247146] EV_ABS ABS_MT_TRACKING_ID 0000fcla
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18
19
20
21
2
23
24
25
26
27
28
29
30
31

062:0EVABSOOOODOOOOOODOODO

0000 \ 00
ABS_MT.TRACKINGID | D00 O0OOOOOOOOO ID
ABS_MT _POSITION_X 00000 xO0O
ABS_MT_POSITION_Y O00O00yOO
ABS_MT_PRESSURE Ooooooo
[ 222451.247195] EV_ABS ABS_MT_POSITION_X 00000101
[ 222451.247209] EV_ABRS ABS_MT_POSITION_Y 00000258
[ 222451.247222] EV_ABS ABS_MT_PRESSURE 0000003e
[ 222451.247238] EV_SYN SYN_REPORT 00000000
[ 222451.256573] EV_ABS ABS_MT_PRESSURE 00000040
[ 222451.256582] EV_SYN SYN_REPORT 00000000
[ 222451.267515] EV_ABS ABS_MT_PRESSURE 00000041
[ 222451.267524] EV_SYN SYN_REPORT 00000000
[ 222451.298974] EV_ABRS ABS_MT_PRESSURE 0000003e
[ 222451.298980] EV_SYN SYN_REPORT 00000000
[ 222451.309603] EV_ABS ABS_MT_PRESSURE 00000034
[ 222451.309609] EV_SYN SYN_REPORT 00000000
[ 222451.320051] EV_ABS ABS_MT_TRACKING_ID ffffffff
[ 222451.320056] EV_SYN SYN_REPORT 00000000

622 UJ0OUO0ODOOODOODOODO

goboobobooboobooboooboboobobogdswipeDODODOOOOOODOODO
oooooo

ocooo0obOo0oobOOo0obOoOU0oOOoO0DbOOoU0DbOO0ODbOOU0ODO0ODOODbDOUODbOODO
0 ppUboboboboboboboboboob PRoO04100D00D0D0ODOOODODOD
ooboooooooDbDdswipeODOOODOOODOOOOO

Ob000d-swipeUODODUOOOOODOODODOOOODODOODOODODOO ADBODOOOO
goboboboooooooooooobobooooobboboboooobobbobOoo0On Android
O000b0b0oobOobouoobbUOot0dbOdjp.ac.tsukuba.cs.iplab.dswipe_-menud O O 0O O
63000000000 DbO0DbO0bUObOb0UObDDbDU n0DbO00O0D000 IntentD O
Activity DO 0O0D0O0O0O0OesO 000000000 dswipeUOODODOODOOOOODOO
xO00OOOyDOOOOO MainActivity HO0OO0D0O0O0O0OOO

oobe3:0000O0DOODLDOOODO

$ adb shell am start -n jp.ac.tsukuba.cs.iplab.dswipe_menu/.MainActivity\
—-—es X [x] —--es Y [y]

ooooooogoboooooboooobooobobooboeed4boboonoobLO
gboboboboob
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obde400000000O0ODOOOO

$ adb shell am force-stop jp.ac.tsukuba.cs.iplab.dswipe_menu

623 U0OUOOODOO

gobooodbdswipeUDOOO0O0OOOOODOOOODOOODOODOODODOOODOO
oooo

gobodboooboobooobooboooobooab

gbooob ADBOOOODOODOOODOO0OODOO0DOOOO0OOODO0ODbOODbOonOn
gboobgooooooooobobo ADBOODODOOOOOODLODODODOODO
goboooobooooboboooboooboooboooooooboooooooobooo
gesbiobobobobuoobobuooooboboboboboboobobouoobOobnooo
gobbogobooobboobooobooobbobobuoobobuoobboabboo
000?000000000000000000000/dev/input/event90 00000000
goobobooboobobotbe6obbobboobboobboobDobbOobbOOoDOobODOD

[ e N

RO R N NN o e e e e e
[ G R O~ O 0 ® Nk WD~ O ©

googd

gooes:dbuboonoonboonboonouono

$ adb shell getevent -1

add device 1: /dev/input/events8
bus: 0000
vendor 0000
product 0000
version 0000
name : "system_als"
location: ""
ld: nn
version: 1.0.1
events:
MSC (0004): 0003
input props:
<none>
add device 2: /dev/input/event?7
bus: 0000
vendor 0000
product 0000
version 0000
name: "msm8974-taiko-mtp-snd-card Headset Jack"
location: "ALSA"
id: nn
version: 1.0.1
events:

Sw (0005): 0002 0004 0006 000e O0O0Of 0010
input props:
<none>

“Bluetooth Silicone Keyboard TD-0001-009 (http://www.transaction-ma.jp/keyboard.html)
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28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

62
63
64
65
66
67
68
69
70
71

7
73
74
75
76
77
78
79
80
81

82
83
84
85
86
87
88
89

add device 3:

/dev/input/event6

bus: 0000
vendor 0000
product 0000
version 0000
name: "msm8974-taiko-mtp-snd-card Button Jack"
location: "ALSA"
id: "
version: 1.0.1
events:
KEY (0001): 00e2 0101 0102 0103 0104 0105 0106 0107
input props:
<none>
add device 4: /dev/input/event3
bus: 0000
vendor 0000
product 0000
version 0000
name: "gpnp_pon"
location: "gpnp_pon/inputO"
id: "
version: 1.0.1
events:
KEY (0001): 0074
input props:
0004
add device 5: /dev/input/event2
bus: 0000
vendor 0000
product 0000
version 0000
name: "clearpad_pen"
location: ""
ld: nn
version: 1.0.1
events:
ABS (0003): 002f value 0, min 0, max 9, fuzz 0, flat 0, resolution 0
0035 value 0, min 0, max 719, fuzz 0, flat 0, resolution 0
0036 value 0, min 0, max 1279, fuzz 0, flat 0, resolution 0
0037 value 0, min 0, max 1, fuzz 0, flat 0, resolution 0
0039 value 0, min 0, max 65535, fuzz 0, flat 0, resolution 0
003a value 0, min 0, max 255, fuzz 0, flat 0, resolution 0
input props:
<none>
add device 6: /dev/input/eventl
bus: 0018
vendor 0001
product 0001
version 0001
name: "clearpad"
location: ""
id: nn
version: 1.0.1
events:
ABS (0003): 002f value 0, min 0, max 9, fuzz 0, flat 0, resolution 0
0035 value 0, min 0, max 719, fuzz 0, flat 0, resolution 0
0036 value 0, min 0, max 1279, fuzz 0, flat 0, resolution 0
0037 value 0, min 0, max 0, fuzz 0, flat 0, resolution 0
0039 value 0, min 0, max 65535, fuzz 0, flat 0, resolution 0
003a value 0, min 0, max 255, fuzz 0, flat 0, resolution 0

input props:
<none>
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90 | could not get driver version for /dev/input/mouse0, Not a typewriter
91 | add device 7: /dev/input/eventO

92 bus: 0006

93 vendor 1095

94 product 8334

95 version 000a

96 name: "mhl-rcp"

97 location: "cbus/input0"

98 id: "

99 version: 1.0.1

100 events:

101 KEY (0001): 00lc 0034 0067 0069 006a 006c 0071 0072
102 0073 0077 0080 008b 009%9e 009f 00a4 00a8
103 00ae 00cf 00d0 00f0 0110 0165 0168 018e
104 018f 0190 0191 0200 0201 0202 0203 0204
105 0205 0206 0207 0208 0209

106 REL (0002): 0000 0001

107 input props:

108 <none>

109 | could not get driver version for /dev/input/mice, Not a typewriter
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114 version 0100
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118 version: 1.0.1
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122 input props:

123 <none>
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128 version 0000
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131 id: "

132 version: 1.0.1
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134 KEY (0001): 00c2

135 input props:

136 <none>
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$ adb shell sendevent /dev/input/event9 [type] [code] [value]

gobooooobooon

U000b000O[neb] D000 Chrome 0000000000 DOOO0DOOOOOODOO0OO
0o0b0bobobobobobobob/eviinputevent90D 0O O00OODOODOODOODO

32



O63:Chrome 000000000 OOOOODOOOOOOO
’DDDD ooooooogog

Open anew tab | Ctrl + N

See bookmarks | Ctrl + Shift + B

Go to History Cul+ H

gbooobooboooboobobooboobooboboboobooobobogocChromed O
oobooobbogoooooooobobbboobbooonb e300l OOUn“Open anew tab”
goobgbooboobobbobuooboboApPDBODOODOODOODbDOODOODDO
oboobobe7b0O0D

obooe7:0000000ODODOODOOODOODOO

adb shell sendevent /dev/input/event9 0004 0004 000700e4
adb shell sendevent /dev/input/event9 0001 0061 00000001
adb shell sendevent /dev/input/event9 0000 0000 00000000
adb shell sendevent /dev/input/event9 0004 0004 00070017
adb shell sendevent /dev/input/event9 0001 0014 00000001
adb shell sendevent /dev/input/event9 0000 0000 00000000
adb shell sendevent /dev/input/event9 0004 0004 00070017

[ I T - N ¥ T

N = o ©

adb
adb
adb
adb
adb

O »r »r 0 A 0y U i A 0y 0 A

shell
shell
shell
shell
shell

sendevent
sendevent
sendevent
sendevent
sendevent

/dev/input/event9 0001
/dev/input/event9 0000
/dev/input/event9 0004
/dev/input/event9 0001
/dev/input/event9 0000

0014
0000
0004
0061
0000

00000000
00000000
000700e4
00000000
00000000

63 JUOUOOOO

gbobobooboboobobooboooboobooboobe4nnnnd
ubobooboobooboobooboobbobboobodlavalDoonooononO
U0 Android Studio 0.4.6 D 00O 0O O

631 U0O0O0O0OOOOOOOODOODOD

6220 000000000000 PpCOOO0OOOOODLOODODLODODODOOOD
oobobobobgbo dswipeDODODODODODODODODODODODODODODODOOODOO
gobobogobouooobooobuoooboobboobobuooobuooboboooobooo
gboooobbodswipeUODDODOOUODOOODODOOOODOOODODOODOOODODOODOOD
gobodboooobuooboooboobooobobooboobobooboobbooo

33



Je4:0000OODOODODOODOO

oo Sony® Xperia Z1 SO-02F
0OS Android®4.2.2
googo | 127 mm x 65.0 mm x 9.40 mm
ooo 1280 x 720

34




070 0O00O0

dswipe UDODUOODDODOODOODOODOOODOODOOOODOODOOOO300OOO
goog

1. 000000
2.000000

3. 0000000

obobooboooboobbooboonboo

71 0010000000

gobooboobooooboobooo

711 0000

obooooobooboobobodswipeDOD0O0O0O0OD0OODODOODOOODOODOODOOO
gbooobooboboobooboboobobobooboob uIooboooobo
gbobogboooooboobobobgooboooooooboboboboboobooooob
gobooooboooboboobobooobooobooooooooboooooooooo
goooooooboobougoobobooooo vloboboog dswipeO oo
goboooboogoboobobooooboobooboobooobooboobooboboobod d-swipel
ubobooobooobboobooobooboon

712 0000

goboobooboobooboobogooogoobbobooooboboobooboobooobooobooon
0000000 SONY Xperia™SO-2F 0 00 0000000000000 ODDOOO0O
goooboobooooboboboboboooboo ApBOUDOOoDboooooboooD
0000000000000 000 ThinkPad®@X220iO0 OO 00O

35



713 OO0

gboooboooooboo3bgoboobooobuobbobD 12000b e0bOb0OOD
oboob20-2240000400002000000000000000O0D0ODODODO
gbobobobobobobobob

714 0000

ubobooboobbooboobobooobooboboooboobobooooban

obooogo
gboboooobooboooooooooooooog
e d-swipe:4.100 0000000

e 0000 DUOyDbUODUODUODUDODDLUO-45000450000000d-swipeI D
ubboobgagaboan

e 0000 DOxDOUODUODUODUODODDLOUO-45000450000000d-swipe D
ubboobaaboan

goboooboooboooooboooobooobooboobooooo 71@b0 710 oo

1Y | N A | R

P >
ol @ J'ol @ J°

(a) single-portrait(] (b) double-portrait[]

071:00000000000000000D0ODODO

36



goo

ooobobooobooooobobooooooooDogsightedDO0000D00OO0OODOO
gb00Oblind000200000000000000sighted0 00000000000 7.20
goooooobooobooboooobooboobboooobboobooboooonb elindd O
googbooo73gb00boobooboobooobooboobooobooooooobooooboob
goboobooboboobooobbooobooobboooboan

blindODODOOO0O0O0O0O00O00O0000000O0d-swipeOOOODOOOOOOOO
gbobgoboboooooobooboboboooobooobooboboboboooboob
gogbobooobbuoooboboobobooobbooobooobbooobbooooboo
goboooobooobooobooobooobooooboooobooooboooobooo
00O [PRMO0,Bre02, YCFZ12]O O D OO OOOOOOOODOOOODOOOOOODODOD
00000000000000000 [FLG00,Bre02,BLBT03] 0000000000000
gboboboboboeuiboboooooooooooooooooooooooooon
gboboboboooooooobooboboboobooooobobobobooooon
0000000 [Kur93,KB93,RBLN09,PSSHT 14|00 000000000d-swipe 0O OO0
gobooboobobooboooboobooobooboobobooboon

O 72:sighted0 00000000000 O73:bind0000000O00OOO0O0O

goog

000000000 0DO0O00O0O300000020000000000A0 single-portrait
U000 double-portrait 0 D DD OO0 OO0 O00OOOO0O

gooog

ooboooboooboooboooboo soobooobo1bboobbobboobobOoDo
oboebdbOODODODODO

37



715 0000

uboboobobobooooooboboboobobobobobobobooooon
ooboobooooboooboubboooboooboobbbbobbo0oobgnn single-portrait
OO0000 double-portrait 0 0000000000000 Osightedd0D00O0 blindDOOO
oooooooob1b0b0b0obooooo0l1ooobob0obOobO0OOsighted D
ooooooooboboobindb 000000 bobbooboobobooooooboD
gobobooobooboobooooobobobboboboobobobooboboobooon
gobobooobooboboobooooobobuoeboboobboOobOobOobOooooD
gooodobebbobboobboUobb0obbobDoboobDoboUb 10D boobbDOoD
googboobobobooooobobobobooooboboobooooobobobooboog

UboobOoooooooob30b0bx20b0000 xs5sO00OO00O xeODOOO x2
oboooo xeUO0O =2160000000000DO0O0O0OOODO0ODODODODOOOODOD
gbobobobioobobgobob

71.6 0000

gooboooobooobobooobbooobobooobobooobbuooobobo 1100
goooboobooboboooboboobobooboboobo4b00bO0b0bObDOnOD
goboooobuooboboobboobbooboboooboobbuoobobooboobooo
goooboooboobooboobooboobooobobooub 3sb0boooboobDboOoD
gbobgoobooboooobobobgoboooooboobobobooboooboobooooon
gobooooboooobooobboooboobobooooboooobuooboobooooobooo
googbo7100b000b00boobooooobooooboboobobooboboobo
oooooooooooboooooboooooo-1sobb1gouonooonoDs3e00d
goooooo

071:00000000000000

oo
00 d-swipe | 0 | O
sighted J 0 O O single-portrait O [ 1 1|1
sighted 0 O 00 O double-portrait [J 1 6 | 6
blind U 0 O O single-portrait [J [ 3 313
blind 0 0 O O double-portrait [J [ 4 1] 2

sightedd 0 0 O single-portrait 0 D OO0 00O 0O0OO0OOOO 7.20 Osighted J O O O double-
portrait D 0 0D OO0 OD0OO0O0OOO 7300blind 0000 single-portrait 0 0 00 00O
0000000 7400blind0000 double-portrait 0 00O OO0 OOOOOOOO 7500

38



ooobooooooooooooboboOoboooboooboDOooooooOoooOoooOoDooo
ooobosooon xsgoooodxebob =150000b000O

sighted D 0 O O single-portrait D D 0O OO0 Od-swipe 100000000 0O0OOO0O
ooooooooOoOoOooOoOoOoOoOooOoOoOoOoOobOOoOoUobOOoOoUOoDOOoOoOobooOooDo
o000 o9esebiiniobniooboobiobD0obDOoOnOsightedd 00O double-
portrat 00 0000002780 000000000 208000000000 d-swipe U
oooboooooobD k22000 0000000000000 0DO0DO0O0OOblndODO
00 single-portrait 1 D D 000000000000 d-swipeOOOOOOOOOooooonO
0003400 0000000000000 000O0O0OO sighteddDO0DODODOOO
oobooooooges40 000000000 0DO0ODO0ODO0ODOOOOOOKINdODOD
double-portrait 1 0 O OO 00000 0ODOOO0OO0ODOODOODOOd-swipeOOODOOOOO
0336000 0000000000000 0000 sighted0000O00O0ODOODOOO
obooboob Kke»bibiboboboboboboboobobooo

oboboboobuoboboboboooo 8%00oboooooooooooooon
oobooooboooobboOooboOoobooOooovuibogooDoog dswipeOOoooQ
gooboooooooobog,obobobboooboooobobobon d-swiped DO DO
oo0ooooooooog

O 7.2:sighted J O O O single-portrait U D D 0 000000 OOO %00

oo .
d-swipe g g o |obod
o0
d-swipe 99.3 | 0.00 | 0.700 | 0.00 99.3
O 0.00 | 100.0 | 0.00 | 0.00 | 100.0
O 0.00 | 0.00 | 100.0 | 0.00 | 100.0
od - - - - 99.8

O 7.3:sighted J 0 O O double-portrait H D 0D 0D O OOO0OOONO %00

0 d-swipe g g o |obd
0o0d
d-swipe 99.3 | 0.700 | 0.00 | 0.00 99.3
O 278 | 97.2 | 0.00 | 0.00 97.2
O 2.08 | 0.00 | 97.9 | 0.00 97.9
oo - - - - 98.2

39




0 7.4:blind 0000 single-portrait 0 0 0 0000000000 %00

oo :
d-swipe g g o |obd
ogd
d-swipe 96.6 | 0.00 | 3.40 | 0.00 96.6
O 1.36 | 98.6 | 0.00 | 0.00 98.6
O 0.00 | 0.00 | 100.0 | 0.00 | 100.0
oo - - - - 98.4

0 7.5:blind DO 00O double-portrait 1 D 0 0000 O00OOOMNO %00

ood :
d-swipe d g o |obd
od
d-swipe 99.3 | 0.00 | 0.684 | 0.00 99.3
O 336 | 96.6 | 0.00 | 0.00 96.6
O 0.00 | 0.00 | 100.0 | 0.00 100.0
od - - - - 98.6

72 002000000

ugbobooboobooooboobooo

721 0000

oooooboboodddswipeDOOOOOODODODODOOOOOOODOOOOOO
oooboooooboboowebOOOOooOoooooooooobOobooooooboooboD
gbooooboooboosoboobooboooobobodgboodswipe DO oooogonD
gbobgobooooobooboboboboboooobooboboboboobooooon
goooooo

722 0000

gbobobobobobobooobooobooobooboobobobOobOob SONY
Xperia™SO-2F0 00 0000000000000 00DDOD ADBOOOOOOOOOO
000000000 DOOCO000OO00DOO ThinkPad®@X220iO0O DO OO

40



723 0O0O0O

gbooobobooooob3oooooboooobobbo 1zooboboboooogn 22
0224000090000 3000000b0o0obo0bOo0bboLoboOoLDobDboOoDOoD
gobogbooobooobooboobobooboobooogr3booboooooboooboon
obobobooogboboobooooogno

724 0000

gboboboboboboboboboboobo

goo

gbooooooobobobooobobobooboo weboOooboooooooOO
gobooboobboobooboboooboooobooboooobooon

. 0o0oo0boobooobobooobooboobooboooo

2. 0000000000000 StatD0 000D ODODODODODODOOOOOOOD
OwebOOOOOooooobooooooooobooooboooo

98]

Looboo72sb0oooooboboooboobobooooobobobooooD
gooooood

4. bgoOoOo725000b0oooobobobooobooboboooooDoobOobDOoon
obooooooooood

5. 00000b0oooboooo vrRLbOoboboobobooboboboboboboD
vbooboooobooooooooooooooooooooooooon

6. J0D000DL0ODODOODOO FimshOOOOOoOOoooobooooooobooo
URLOOO WebOOOOOOOOOOOOOOOODOOOOOOOO

7.1-6000000

gpoboooooog

Ubob0o0obOdD Stat OO0 O0 URLODODOO FimshOOOOOO 7400000
goobogoogoooosebuoobobobobooooobobobooobooboooooD
780 pr x 1280 px U O OO OOOOUOOODOODO 260 pz x 426 px 00O O

41



OINE©

OMONG

@ ®|O®




g7600000000000000DOOOOOODOODOOOODOODLOOODDOO
ooood

ao goog

Tab gboogoooon
Bookmark | DO OOOO0OOOOOO
History gboogoooon

gooooo

UoboooboooboobbooobbbbooobboowebOOO0O0DOOOOOOOO
goooooooboobobomoobooboobooobooboonobooboobooooo 300D
goooboooboooboobooobooooboboo7eobbobobbobbobDobobDOoD
gboboboboboobobooboooooooboboooooo

725 0000

gbooboobobooooobobooobobobobooboboooooboboobobon
gboo300b00b00boo0ogobon

e button
e Bezel Swipe
o d-swipe

gobooboobbooboobooobooboo

button [0 O

button 0 0 OO0 O0O00O0OO0OOGUIDDODOODODOOOODODODOOODODOOODOOOOOO
do0o0o0O0ooo0bOoo0oObOO00ooooobOo0o0oooOooooOoOoOooooboOoooooa
00000000 ooooDoodoDooobDOooooan
00000bOOoooooOobOoo750000000000000O00O0O0OO0OOOOO0O0n
0ddoooooooooooooo7e0oooooooobDoooooooooooooo
0dooO0ddoo0odpDodooodoDoOoobO0o0ooooDbooonoooo

button0 000000 GUIDOOOOOOOOOODOODO7700000000000000
0doooooooodd 7mmi00d00OOOOO Androiddd 10SO Windows Phoneld Nokia
Jo000d0oo0o0doDO0odooO0odooDo0ooboodooO00oooogooooooooa
100000000 [nce,Inca,Hel,Oy]0 OO0 OO0 O0D0OO0O0D0O0OD0OO38mmUO0O000000

43



00000000000 Chrome (version 39.0.2171.93) 00000000000 00O0O0O0ODO
ooooboouboobouboobobooboobooobobouooonboon 341pp pixel per
mchDODOODOOOODOOOODOODOODOObOODbODbODbOD

7(mm) = T(mm) x 1/25.4(inch/mm) x 341(ppi)
= 93.9(pz) ~ Y4px
38(mm) = 38(mm) x 1/25.4(inch/mm) x 341(ppi)

= 510.1(pz) =~ 510px

Open a new tab —
Open a new tab

Bookmark
Tab

History

O75 buton 00000 0O0OO00ODOOODOO
000 O76buton0 00000000 0OOOO0O

Bezel Swipe [ [

Bezel Swipe U0 0000 OD0OOOOBezel Swipe [RTOO] D 00000000000 O0O0O
oooooooogoog 745mm=100pz 000000 00O0O0O0OO0OOOOO0ODOO 7.80
gobooboobobbooboobuooboboobboobbobboboboobLboOobo
ooooogoo074mm=10px 0 0000000000000 0O0O00OO0OOOOODOODO
ooooooooo0oobooO0oOobo0oobboOooDoOg ,00bb0obObooOooooo
gbobgbobooboobobobobooooooboboboboboobooooob
gobogboo

uoboooobobooooooboobooobooobobooobbooobboooboboon
OO00D0O0OO000D [BNLHIOODOOODOD Bezel SwipeU OO DODDOOOOOODOOOO
U00D0O00bO0bO0ObO0O0OBezelSwipeDUDODOOOOOOOOOOODOODOODO

d-swipe [ [J

dswipeUOOO0O0OO00OOdswipeUOODOOODOOOOOOOOOOOODOODO
oboobodswipeUDOOODOOOOOODO79000000000000000000O000O0

44



mm

-+ —I-I
Open a new tab " 7mm
T
Bookmark 7mm
I
F 3
Tab 7mm
v _
. F 3
History 7mm
v

4 5
e »>

38mm

O77:-button 0000000 GUIDOOOOOOOOOOOO

45



Open a new tab Open a new tab

Bookmark Bookmark

(0000000000 (000000

O 7.8:Bezel Swipe LU OO OOOOOOOOOOOOO

O000000O0d-swipeOOOOOOOOO0OOO0O0O0O0OOd,,td,00000000000
obooooogoooor7io0bobobOdd-swipeUDODUOOoOoooooooooobooOoD
O00d-swipe0OOOO0O0000O0O0000000Odc,,de, 0000000 0O0O0OOO
gobooooboognd

dcgs = td; — 50
dcy = tdy — 150
dswipe 000000000000 d-swipeDOOODODOOOOOOOOO AOO0O0O 2y,

000000000000 ROOOOz, w000 O0O00D00O0DOOODODOODOODOO
gooooooooo 7.700

726 U000

gboooboobobboobooboobobooboobOoon dswipedOOODOO
gbobobooobobooboboboboboobobbobooboboboobobo
gb1obo0bobobobgoboooooooooobobobobooooooooDis
oo0oobooobbooooooODUubooDO Start OOOOURLOOODOFmmishOODOODO

46



0770 A00 RO00000O0C000O0O0O0OO0O0O000O0O0DO
oo gooooooooon

r1 > xo && y1 > yo | Bookmark
x1 < x9 && y1 > yo | Tab

x1 > w9 && y1 < yo | History
T <x&&yp <ys | OO

Open a new tab / \

Open a new tab

\
. @

0 7.10: dswipe 000 0OOD0OOOOODOO
079 dswipe 0000000000 DD0 QoD OmDODOO0O0OO0O0OO0OO0DOO0mOOOd-
oooo swipe OO OO0

47



gbgooobobooooboob200b0oboboobobobobobobobooooon
gl1oo00oboobbooob3gbboooboboooobooboboobboonooon
gbobogobogooooboobobobobooooooboboboobobooobooooon
gobooooboooobooobooobooobooooooooboooobooooooo
goboobooooboobbooboo73b00bboooboobobooboobobon
gobooobouoooboooboobobuooobooobooobuooobooooboo
gobooboooboboobooobboobuoobboobo BOoobooonoboooooo
goboobooboboobooobi1bboob40b00bbooon

Uboobo0bO0obOobOob0o2000000 x3000000x1B8OODOO x30000O0O
x 12000 =388 0000000000

727 0000

gboobooooooooooooo

gboooooo

U000 Start OO0 OO0 000D 0OO0O0O0OD0OO FnishOOODOOOO0OOOOOOODOOOO
00000000 Taskcompletiontimel 0000000 0O0O0OOOOOOOO0OOODO
ooooooobo7noooooobooooboooo0oo1bOb0oooooobbOooooo
ooooOooboooooooo

single-portrait 0 [0 O 00 O O O button U [0 U Bezel Swipe D O O d-swipe U OO OO O0OOO
0000000 003183.70ms00 2387.80 msO0 234890 ms0 000 OOOOOODOODO
Uo0o0oboboo0obobobOobot0b00bU0DbUO0Ubutton OO0 Bezel Swipe U0 OO O
buttonJ OO d-swipe U0 OO0 DO0O0O0O0OO0OO0OO0ODO0ODOODOOt=159,p<0.001,t=
17.4,p < 0.00100 000 0OBezel Swipe U O O d-swipe D 0O 0000000000 OO0OO
O000t=0.841,p > 0.100

U 0O O O double-portrait 0 O 0 O O O U button [ O [0 Bezel Swipe U 0 O d-swipe U 0 O 0 O
O000000000D0D3074.00 msO0O2268.10ms002258.70msO00000OOOODO
oooboooobooboubobobob«b0bU0obO0oO00Odbutton OO Bezel Swipe O
O00OObutton D00 d-swipe OO UODOOOO0O0OOO0ODOODOOOOO0Ot=169,p<
0.001,t=164,p < 0.00100 000 0OBezel Swipe DO 0O d-swipe U OO OUOODO0OOODOO
OoobobOobOdt=0.224,p > 0.100

ooooogooobooooooboooooooooooobooooooboowobboboo
OOObutton O 0OBezel Swipe D O OO OOd-swipe DO OO OOODODOOOOOODOOOt
=2.06,p < 0.05,t=2.70, p < 0.01, t =2.05, p > 0.0500

48



4500

Hl button
Il Bezel Swipe |
Il d-swipe

4000

3500

3000

2500

2000 [

1500

Task completion time (ms)

1000

500

single-portrait double-portrait
Posture

g711:0000000000D000D0DOOO0DO0ODOO0ODOO

goooooboognd

ooooooboooooooboboooooobobbobobOooooDoobboosobboon
goooboooboobbooooboobooobooboobysgooooobooooboooon
ooobobog7120000

078 00000000000000

ooo
00 s14]3]2]1
single-portrait U [J button 0123|5]|2
single-portrait J U Bezel Swipe |3 |6 2|1 |0
single-portrait [J J d-swipe 9121|1010
double-portrait U U button 0(5(15]2]0
double-portrait 1 [ Bezel Swipe |3 |7 [ 1|1 |0
double-portrait U [0 d-swipe 5160|110

single-portrait O [0 O 00 O O O button U 00 O Bezel Swipe D O O d-swipe U O OO0 OO0O00OO
oooooobobogoz4203.9204670 0000000000000 O0DODODOODOD
OO0 t0bO0dbDbOOdObutton OO Bezel Swipe U O 0O O O button O O O d-swipe U O
0oo0ooo0oooobobbooooDODe=3.87,p<0.001,t=6.55p<0.001000000
Bezel Swipe U O U d-swipe OO O D OOOODODOODOODOODODOOOt=2.33,p>0.100

49



Hl button
BN Bezel Swipe | |
Il d-swipe

Subjective evaluation value

single-portrait double-portrait
Posture

07122.00000000000000D000DODOODOODOO

0 O O O double-portrait 0 O 0 O O O O button [ O O Bezel Swipe U 0 O d-swipe U 0 O 0O O
oooobooobooobooos3a2sg4oo0425s000opoonoooboobooboboon
obobo0oobtobobO0Oob0bOOdbuttond OO d-swipe O O O OO button O O O Bezel
Swipe U0 OOO0O0O0O00O0O0O0O00O0O0O0t=3.02,p<0.01,t=228,p<0.05000000
Bezel Swipe U O O d-swipe OO OO OO0O0DOO0OO0O0OOODO0ODOODOODODOt=0.713,
p > 0.100

gooooooooooboooboobooooobooboooobooob oo on
O00Obuton DO O O0O00OODOODODOODOODOt=231,p<0.50000 00O Bezel Swipe
OO00dswipeOOOOODOOOODOOOOODDOOt=0.233,p>0.1,t=1.33,p>0.100

728 OO

oboobbooooooboobobobuobobbobboo0oooOobDODUDUBezel Swipe
U000 d-swipeUDOUO buttonD 000000000000 O0O0OODOUOBezel Swipe 0O
dswipeUOODOUODODOOOODOODOODOOOOO0OOODOOdswipeOOOOOOOOooQonO
gbooobobooboboobooboobobooobooboob uibobooboobo
gooooooboobooboobo0ooboobobobOOoOBNLHINIOODOOOOooOOoOO0D
0o00o0ooo0b0ooboobooboobo0ooboOobOg Bezel SwipeOOOOOoQo0O
gopbooboogd

O00Od-swiped Bezel Swipe 1000000000000 DOOO0ODO0OO0O0OOOOOO
00000000 Bookmark DO O DOOOOOD0O0OO0OOd-swipeOOOOOOoOO 7130

50



. -

Open the bookmark list Open the bookmark list

@

0 7.13: d-swipe 0 0 00O 0O 0O Bookmark OO0 O 7.14: d-swipe O O O O O O Bookmark O O
ooood oooDoo

51



ooobooobOoO0ooOOoO0obOOoO0obOOoO0oDOOoO0oOOoO0oOOoO0ODOOU0ODOODOODOODOO
000000000000 0D0O0O000O02000000000000000£0O Bezel Swipe
gooooooor74booooobobobooooobooooobooooobbooooDooo
oooooobooooOoobOo0obDoO0obDOoOoDOo1ObboobooO0oDbOoOobboUobboOoDbDoboo
OO000D0Od-swiped OO Bezel Swipe 00000000 O0OO0O0OOOODOOOOOODODOO
dswipe D ODOODOOO0OO0O000O0DOOOO0OOOOBezelSwipeOOOOOOODOOO
oo0bOOo0o0obDoOoOoobOoOoOoboOodswipeOOOOOOODOOODOOOODOOO
00000000000DO0O000oooDoOoDoO0790008000000O000000OO
ooooooobooooooooooboooooooooooooobooooobooOoboboOoOoo
O0O00OoooooooDDOoOOCCO0O0O07150000000OBezel SwipeO O OO d-swipe
0000000000000 0DO0O0O000ooOoODOoOO00oooOoOooODOoOoODODOO0O
O000OOsegment200 segment40 000000000000 DOOOOOOOODOOOOO
0000000000 O0O0DDOODbOOOsegment300 segment5S00000000O 7.100
00000000000 0000Osegment2000000Bezel SwipeO OO OOODOOOO
O single-portrait O O 00 O 510.120 msO0O double-portrait J 0 O O 513.940 msO 000000
00 d-swipeDOODOOODOOODODO single-portrait 0 O O O 405.750 msUO double-portrait [
000 419710 msO00000Bezel Swipe U0 0000000000 OOOODODOO 104.37
OmsO0942300ms0 0000000000000 0000O0O0O0OOsegment SO0000O0O
Bezel Swipe D00 OO0 OOOODO single-portrait [ 00 0 O 282.020 msUO double-portrait U
000 241.080msO000000000d-swipeOOOOODOOOOOD single-portrait 0 0 O
0 359.110 msO0 double-portrait O O 0 O 342.950 msO 0 O OO Bezel Swipe U D OO D000
000000000000 77.0900 msOO 101.8710msd 00000
ooboobooooobobddswipeODUDODODOOODOOODODOOOODOOOODODOO
OO00D0O0O0O0D00OO0OOBezelSwipeU OO OOOODOOOODODOOOODOOODOOO
O00dDbO0o0oD0OO0bOoObDOdswipeDOODOODOOOOOOOODOOOOODOODOO
goooooobooooooooooooooobooobo200bb000bbOOObO
Bezel Swipe OO0 00000 OO0OOOOOO0ODOOOOODOOOOOOOODOOODODOO
O00OO0O0OBezel SwipeOOODOOOOOOODOOOOOOODOOOOOODO

g79:80000000000000000O0O
segment] | Start 0000000000000 Ssat DOOOO0O0ODOOOODOOOO
segment?2 | segment | D0 000000O0000O0O0O000O0O0ODOODOOOOODOOO
segment3 | segment2 00 000000000000 DO0OOOODOOOOO
segment4 | segment30 0000000000000 000O0OD0OOOOOOODOOO
segment5 | segment4 000000000000 0ODOO0OOODOOOOODOOOOOO
segment6 | segment5 000000 URLOOOOOOOOOOOODOO
segment7 | segment6 U0 0000 URLOODOOODOOOOODOODOO
segment8 | segment7 000000 FinishOOOOOOOOOOOOOO

52



4500 T

4000

3500

3000 |

2500

2000

1500

Task completion time (ms)

1000

500

button Bezel Swipe d-swipe

segment 1
segment 2
segment 3
segment 4

IR0E;

segment 5

segment 7

segment 6 [

segment 8 |7

single-portrait

button Bezel Swipe d-swipe

double-portrait

Condition

g715:000000000000000000000000000000000O0

g710:00000000000000000000000000000ms00

ogboooooboooobooan

goboogbooooooo

oo segment 2 segment 4 segment 3 segment 5
single-portrait [ I Bezel Swipe 510.12 331.53 188.72 282.02
single-portrait [0 O d-swipe 405.75 299.04 225.98 359.11
double-portrait [ O Bezel Swipe | 513.94 319.60 170.26 241.08
double-portrait [ O d-swipe 419.71 279.56 211.24 342.95

53




73 0030000000

gbooboboobdswipeUOOOO0DO0OO0OO0O0OOOOOOO

731 0000

goboobobooboooooobooobbooboobooooobooobO d-swiped OO
ooooooooooobooobobobboooooobboogdswipeDOODOOODOOOO
goo

732 0000

DooooobooogoooooowebOOODODOOODOOODOOOO WebO OO
0000000000 Chrome (version39.0.2171.93) 0000000000000 0O0O0OODO
Obdd-swipeOUOODOOOOoooo 200000000 0DO0ODODODODODODOD

733 0000

Ubooogobooooon ChromeJ 0000000 d-swipeDOOODOOODOOOODOODO
ooobooooooogboob webO oo 20b0booboooooooooooD
goooboobooobogoboodswipeU D ODOODOOOOOoooobOobOoooobobDOoD
gboogoboooooboobobooooooooboboobooboo1goooosooon
gooog

734 0U0OO0OOOOO

ubboobuooboboobooboooon

RO0O000000Od-swipeU DD OOODOOOO0ODOODOODOOODOOODOODO
300P7,Po,P12000O000OP7OOsingle-portrait 1 D 00O 00O OOD0OOODOOODOODO
double-portrait 0 D 0 OO DO 00000000000 OOOOOOPYO PCOOODOOODOO
gboobooobooboboobooooooobobobooboooboobobooboooooboon
obooboboboboprPr20000b00bbObO0Ob0DODOObODODOObOOOO single-portrait [
gboogobooooobobobobooooooobouboboboooooboboob
gooo

dswipeUODOUOUODODOOODODODODOOODOOODOOODOODOODOODbODDOO
goboooboooboobobooobooobboobboobboobooboooobooon
gobooooboooboooboobobooboboobobooooboonoooooooo
gbobobobobobobobobooboboobobooboooboooo

54



74 O00000O0Ooooogd

gbobooobobooboboboboboboboboboobobobobooobo

ooo

UoobOobooobogOd-swipeDOOOOOO0OOOd-swipeODODOOOOOOOOOO
goboobogoboo

e JIDDOOODOODOOODOODOPL,P3, P4, PsS, P6, P7, PS, P9, P10, P110J

e JOUDODOUODODODODODODODODODODODODODnDOP3,P4,PoU

obooboboobooboobooboobooboboooobooboooooPy,Pl110

boobobooboooboooobooooooooooooP2n

e JOODUODOUODODODODODODOPSO

e JOUODOODOODODODODOODODODOPI2O

ROODOO0OOO0oO1wooddswipel OO ODODODOODOODODODODOODODOOOOO
O00DO0000b00OBezelSwipeOUUOOUODODOOOODODOOODOOOODOODOODOOO
oboooboobooboobobbdswipeOD OO OOOODOOODOOOOODOOOODODO
gooboooobooobooboboogoo3spgoooboobooboboonooooooD
gbobooooobooboobobooooboboboooobobo20000000b
oboboboboooooooooooboi1obboboboooboobo1obooboooboon
gobooboooboobooobooobliooooooobooo

OO00dswipeUODODOOODODOOOOOODOODOOOODOODOOOODO

e NUIDDOODDOODOODDOODOODDODODDOODLOOPID

gboobobobobobobobobobp4n

gboboboobooooboooobooooooooped

gooooboobogoprd

00 webOOOOODODOOOODOOd-swipeDODODOOO WebODOOOODOO
gooDgogpriod

e JOUDODOODODODODODODODODOPI2ZO

55



goboobooobooooboooboooooooboooboobooooboooboogDa
gooooodbodswipeODOODODOOoOoOooooboooobooooobobobooobooD
gboooboobooboddswipeJODOOOOO0ODODOOOOODOODOOOODOOODODO
gbooobooobooobooboogboboobooboobobodswipeOODOOOOOOOOOODO
gobobooobboobobobooboboobboobbooobobooobbooboboo
gobbogobouooobooobbooobooobooobooobbooobbooboo
gboooooooos2000ooboooooboboooobooboooobooboboon
oooobdobuoobobuoobuooboobuoboboobD1Obb0ob0o0obUn Bezel
Swipe UODUODUOOO0OOO0OD0OOO0O0DO0DOOOd-swipeJOODODODOOOOOOOOODOO
Uooooobobobodod-swipelODODOODODODOOODOOOODODOOODO 20000
dswipeOOOODOOOOO7300000000000000DO0D0ODODODOLOOODO
WebOOOOOOOd-swipeOOOOOOOOO WebOOOOODODODODODODOODODODO
goboogol1oooboboooboboobooboobobooboobooonoboooobooooooo
0oooooobooo ADBOODODUODOODOODUODODO dswipeOOOODO 63.10
goboogoboooboobbuooobuoooboooboooobuooobooooboo
O0webODODOOODOOOODOOODODODODOODDOODODOOOd-swipeOOODOQOO
goboboobobbooobbooobuooobooobboobbuooobobboooboo
gbobobobobobobobo11obobo

gooooon

ooooboobobodd-swipeUDODOODOOOOOOO0OOoDOOOOobDOOOODOOO
ooo

e O ODOODOODOPS, PS5, P7, P8, P10, P110
e O ODOOP2, P8 PI20

oboboooboooobooooooooooogp3g

ubbgobogbooboboooodap7d

gbobooboobboobooboboobooboobgpon

ooooooopiod

e JOODOODOODODODOODOPIIO

e JOUODOODOODODODODOODOPIIO

2000000000000DO0O00O0dswipe0000000O0ODOODOODOODOOO
oobogoooobooobobobebbobobooboooboboboboboooboD

56



0000300000000 0000000000 double-portrait J 00 0O O O O d-swipe O
U0 BezelSwipe 0000000000 0ODO0OODOOODOOODODOOD O single-portrait [
goboobooobooboobododswipeOD 0000000000 DOOODODOOODOODO
obooooboooobooboooobooboobogndswipeU D ODODOOOOODOO
gobogooboooboooboooboooboooboooboooboooDboo
gobboggbboooboobobooobooobooobuoobobuooboboaboboo
oobooobooooboobbooboobooobooooboooDbon d-swipel OO
gobodobooobooboooboobooon

57



080 OO

oboobobOd-swipeOOODOOOOOOOOOOO0OOd-swipeOODODOOOOOO

81 UJUUuoggnd

goobooobooobooobooobooobbooobooobboobbooobo
gbooobobooooboboooboboobbodd-swipeU O OOOOOOoOoOoOOOD
gbooobooboobobooooogdswipelOODOOOODOOOOOOOODODODOODO
goboooobooobooobooobooobooobuoooboooboooboo
googogd [TB09,CHLCI2,SPH12,0 0 13,0ST13,00 12]0000000000000O
goboooooooo

82 UUOUOUOUUOoon

U00000b0bO00O00bOnd Gmaild Facebook Chrome 0 30000000000
gobobooooobooobooboobooboobooboooobooo3gbooobooooo
goboboobbooobooobbooobobooboboooooboooboboobooo
gbooobooboobooobbooboobbouobogbodswipeUOOooooooooO
obobs1oooooooooooooogonDg

U8l:gbogofoogogogogoooooogoooon
gooooobooo ugboogono
WebO O OO
god
gooooo
gooooo
SNS
RN
gooooobogn
god
googoo

X|O|O|O

X| X| X|O

O

58



090 0o

uobooooboooboboooboooboooboooboooboobooobooooon
gooooooooboboboboboboooobooboboobobobobobbo
ooooboboboobooboboobOdswipeDOOODDODODODOODOOOODOODO
ooodbd-swipeUODODOOOOOOODODOODOOODOOODOODODOODOODOODD
ooooooobooooboooovuibbooooboddswipeDOO0OOoOoooOOooooOO
gooobooboooooooboooboobooboooobonDd-swipeOOOOOODO
goboooobooooboooboooboooboobooboooboooooooobooo
gbobulgooooooooooooooooobooboooooooobobond Bezel
SwipeUODDO0OOODOOODOOO0ODOOODOOOOd-swipeOOOOOOO0OOOOODOODO

59



HpN

uoooooboboobobbooboboobboobobooobobooonobooooon
gobooobobooboobooobobooooobob 3sgbobooobbooobboooboboo
gbobogboobbooboooobuoobboobooboooobooon

uobooobooooboooboooobooobooobooobobooboooooon
gbobooooobobobooooboobobooobooobobooboooooooon
0oo0ob0obobob, 000000000000 Simona Vasilache D O0OO0OOD0OOOODO
gobooooboboobobbooboboobboooboooobobooboboonbobooon
gobooboooogobobobooboooooboboboboboboooboboboooog

ugbobooobooboboobboooboobobooobooobooobooooo
gobooobooboobobb WAVEDOODODOoOooOoooooobooooooboooo
gbobgooooboobooboboooobobobobooobooboboboboob
goboooobooboboooboooboooboobobooobuoooobooooobooo
goboobooobboobobooobooobooobboobboooobboobooboo
ooo

ubobogboboobobooobooobooobbooboobooobooobooooon
ood

60



oo

[BABL13]

[BLB103]

[BLC*12]

[BNLH11]

[Bre02]

[BWBO06]

[CHLC12]

[CPZO14]

David Bonnet, Caroline Appert, and Michel Beaudouin-Lafon. Extending the vocab-
ulary of touch events with thumbrock. In Proceedings of Graphics Interface 2013, GI
13, pp. 221-228, Toronto, Ont., Canada, Canada, 2013. Canadian Information Pro-
cessing Society.

Stephen Brewster, Joanna Lumsden, Marek Bell, Malcolm Hall, and Stuart Tasker.
Multimodal ’eyes-free’ interaction techniques for wearable devices. In Proceedings
of the SIGCHI Conference on Human Factors in Computing Systems, CHI *03, pp.
473-480, New York, NY, USA, 2003. ACM.

Sebastian Boring, David Ledo, Xiang ’Anthony’ Chen, Nicolai Marquardt, Anthony
Tang, and Saul Greenberg. The Fat Thumb: Using the thumb’s contact size for single-
handed mobile interaction. In Proceedings of the 14th International Conference on
Human-computer Interaction with Mobile Devices and Services Companion, Mobile-
HCI *12, pp. 207-208, New York, NY, USA, 2012. ACM.

Andrew Bragdon, Eugene Nelson, Yang Li, and Ken Hinckley. Experimental analysis
of touch-screen gesture designs in mobile environments. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems, CHI *11, pp. 403-412, New
York, NY, USA, 2011. ACM.

Stephen Brewster. Overcoming the lack of screen space on mobile computers. Personal
Ubiquitous Comput., Vol. 6, No. 3, pp. 188-205, January 2002.

Hrvoje Benko, Andrew D. Wilson, and Patrick Baudisch. Precise selection techniques
for multi-touch screens. In Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems, CHI 06, pp. 1263-1272, New York, NY, USA, 2006. ACM.

Lung-Pan Cheng, Fang-1 Hsiao, Yen-Ting Liu, and Mike Y. Chen. iRotate Grasp:
Automatic screen rotation based on grasp of mobile devices. In Adjunct Proceedings
of the 25th Annual ACM Symposium on User Interface Software and Technology, UIST
Adjunct Proceedings *12, pp. 15-16, New York, NY, USA, 2012. ACM.

Chen Chen, Simon T. Perrault, Shengdong Zhao, and Wei Tsang Ooi. BezelCopy: An
efficient cross-application copy-paste technique for touchscreen smartphones. In Pro-

61



[FLGO0]

[GSWO1]

[GWO00]

[GWP12]

[Hel]

[HGL14]

[HH12]

[HL11a]

[HL11b]

ceedings of the 2014 International Working Conference on Advanced Visual Interfaces,
AVI ’14, pp. 185-192, New York, NY, USA, 2014. ACM.

Marie Falahee, Kezzy Latham, and Erik Geelhoed. Safety and comfort of eyeglass
displays. In Peter Thomas and Hans-W. Gellersen, editors, Handheld and Ubiquitous
Computing, Vol. 1927 of Lecture Notes in Computer Science, pp. 236-247. Springer
Berlin Heidelberg, 2000.

Francois Guimbretiere, Maureen Stone, and Terry Winograd. Fluid interaction with
high-resolution wall-size displays. In Proceedings of the 14th Annual ACM Symposium
on User Interface Software and Technology, UIST ’01, pp. 21-30, New York, NY,
USA, 2001. ACM.

Frangois Guimbretiére and Terry Winograd. Flowmenu: Combining command, text,
and data entry. In Proceedings of the 13th Annual ACM Symposium on User Interface
Software and Technology, UIST °00, pp. 213-216, New York, NY, USA, 2000. ACM.

Mayank Goel, Jacob Wobbrock, and Shwetak Patel. Gripsense: Using built-in sensors
to detect hand posture and pressure on commodity mobile phones. In Proceedings of
the 25th Annual ACM Symposium on User Interface Software and Technology, UIST
"12, pp. 545-554, New York, NY, USA, 2012. ACM.

Dina Helmy. Ux/ui guidelines for windows phone 8 - africaapps - site home -
msdn blogs. http://blogs.msdn.com/b/africaapps/archive/2014/

03/08/ux—-guidelines-for-windows—-phone-8.aspx.

Seongkook Heo, Jiseong Gu, and Geehyuk Lee. Expanding touch input vocabulary by
using consecutive distant taps. In Proceedings of the 32Nd Annual ACM Conference
on Human Factors in Computing Systems, CHI *14, pp. 2597-2606, New York, NY,
USA, 2014. ACM.

Chris Harrison and Scott Hudson. Using shear as a supplemental two-dimensional in-
put channel for rich touchscreen interaction. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems, CHI *12, pp. 3149-3152, New York, NY,
USA, 2012. ACM.

Seongkook Heo and Geehyuk Lee. Force Gestures: Augmented touch screen gestures
using normal and tangential force. In CHI ’11 Extended Abstracts on Human Factors in
Computing Systems, CHI EA °11, pp. 1909-1914, New York, NY, USA, 2011. ACM.

Seongkook Heo and Geehyuk Lee. Force gestures: Augmenting touch screen gestures
with normal and tangential forces. In Proceedings of the 24th Annual ACM Symposium

62



[HL11c]

[HL13]

[HS11]

[HSH11]

[HYP+10]

[Inca]

[Incb]

[Incc]

[Jor]

[KB93]

on User Interface Software and Technology, UIST °11, pp. 621-626, New York, NY,
USA, 2011. ACM.

Seongkook Heo and Geehyuk Lee. Forcetap: Extending the input vocabulary of mobile
touch screens by adding tap gestures. In Proceedings of the 13th International Confer-

ence on Human Computer Interaction with Mobile Devices and Services, MobileHCI
11, pp. 113-122, New York, NY, USA, 2011. ACM.

Seongkook Heo and Geehyuk Lee. Ta-Tap: Consecutive distant tap operations for one-
handed touch screen use. In Proceedings of the Adjunct Publication of the 26th Annual
ACM Symposium on User Interface Software and Technology, UIST *13 Adjunct, pp.
91-92, New York, NY, USA, 2013. ACM.

Ken Hinckley and Hyunyoung Song. Sensor synaesthesia: Touch in motion, and mo-
tion in touch. In Proceedings of the SIGCHI Conference on Human Factors in Com-
puting Systems, CHI *11, pp. 801-810, New York, NY, USA, 2011. ACM.

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.

Ken Hinckley, Koji Yatani, Michel Pahud, Nicole Coddington, Jenny Rodenhouse,
Andy Wilson, Hrvoje Benko, and Bill Buxton. Pen + touch = new tools. In Proceedings
of the 23Nd Annual ACM Symposium on User Interface Software and Technology,
UIST ’10, pp. 27-36, New York, NY, USA, 2010. ACM.

Apple Inc. ios human interface guidelines: Designing for ios. https:
//developer.apple.com/library/ios/documentation/

UserExperience/Conceptual /MobileHIG/index.html.

Google. Inc. Keyboard shortcuts in chrome for android - chrome help. https:
//support .google.com/chrome/answer/6098315?hl=en.

Google Inc. Metrics and grids — android developers. http://developer.

android.com/design/style/metrics—grids.html.

Jorudan.Co.Ltd. Welcome to jorudan co.ltd. http://www.jorudan.co. jp/
english/.

Gordon Kurtenbach and William Buxton. The limits of expert performance using hier-
archic marking menus. In Proceedings of the INTERACT 93 and CHI 93 Conference
on Human Factors in Computing Systems, CHI *93, pp. 482487, New York, NY, USA,
1993. ACM.

63



[KBCVO06]

[KC10]

[Kur93]

[KYL12]

[LRO9]

[MRO9]

[OST13]

[Oy]

[PRMOO0]

[PSSHT 14]

Amy K. Karlson, Benjamin. B. Bederson, and Jose L. Contreras-Vidal. Understanding
single-handed mobile device interaction. Technical Report HCIL-2006-02, 2006.

F. Z. Kaghat and P. Cubaud. Fluid interaction in audio-guided museum visit: Authoring
tool and visitor device. In Proceedings of the 11th International Conference on Virtual
Reality, Archaeology and Cultural Heritage, VAST 10, pp. 163170, Aire-la-Ville,
Switzerland, Switzerland, 2010. Eurographics Association.

Gordon Paul Kurtenbach. The design and evaluation of marking menus. Technical
report, University of Toronto, 1993.

Sunjun Kim, Jihyun Yu, and Geehyuk Lee. Interaction techniques for unreachable
objects on the touchscreen. In Proceedings of the 24th Australian Computer-Human
Interaction Conference, OzCHI *12, pp. 295-298, New York, NY, USA, 2012. ACM.

Chuanyi Liu and Xiangshi Ren. Making pen-based operation more seamless and con-
tinuous. In Proceedings of the 12th IFIP TC 13 International Conference on Human-
Computer Interaction: Part I, INTERACT ’09, pp. 261-273, Berlin, Heidelberg, 2009.
Springer-Verlag.

Takashi Miyaki and Jun Rekimoto. Graspzoom: Zooming and scrolling control model
for single-handed mobile interaction. In Proceedings of the 11th International Confer-
ence on Human-Computer Interaction with Mobile Devices and Services, MobileHCI
’09, pp. 11:1-11:4, New York, NY, USA, 2009. ACM.

Makoto Ono, Buntarou Shizuki, and Jiro Tanaka. Touch&Activate: Adding interactiv-
ity to existing objects using active acoustic sensing. In Proceedings of the 26th Annual
ACM Symposium on User Interface Software and Technology, UIST *13, pp. 31-40,
New York, NY, USA, 2013. ACM.

Microsoft Mobile Oy. Nokia x design guidelines - nokia x design guidelines. http:

//developer.nokia.com/resources/library/nokia-x-ui/.

Jason Pascoe, Nick Ryan, and David Morse. Using while moving: Hci issues in
fieldwork environments. ACM Transactions on Computer-Human Interactions, Vol. 7,
No. 3, pp. 417-437, September 2000.

Benjamin Poppinga, Alireza Sahami Shirazi, Niels Henze, Wilko Heuten, and Susanne
Boll. Understanding shortcut gestures on mobile touch devices. In Proceedings of the
16th International Conference on Human-computer Interaction with Mobile Devices
& Services, MobileHCI ’ 14, pp. 173-182, New York, NY, USA, 2014. ACM.

64



[RBO3]

[RBO5]

[RBLNO9]

[RLGO9]

[RT09]

[SLG13]

[SPH12]

[TBO9]

[TUKDI12]

Gonzalo Ramos and Ravin Balakrishnan. Fluid interaction techniques for the control
and annotation of digital video. In Proceedings of the 16th Annual ACM Symposium
on User Interface Software and Technology, UIST °03, pp. 105-114, New York, NY,
USA, 2003. ACM.

Gonzalo Ramos and Ravin Balakrishnan. Zliding: Fluid zooming and sliding for high
precision parameter manipulation. In Proceedings of the 18th Annual ACM Symposium
on User Interface Software and Technology, UIST °05, pp. 143—-152, New York, NY,
USA, 2005. ACM.

Anne Roudaut, Gilles Bailly, Eric Lecolinet, and Laurence Nigay. Leaf menus: Linear
menus with stroke shortcuts for small handheld devices. Vol. 5726 of Lecture Notes in
Computer Science, pp. 616-619. Springer Berlin Heidelberg, 2009.

Anne Roudaut, Eric Lecolinet, and Yves Guiard. MicroRolls: Expanding touch-screen
input vocabulary by distinguishing rolls vs. slides of the thumb. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems, CHI *09, pp. 927-936,
New York, NY, USA, 2009. ACM.

Volker Roth and Thea Turner. Bezel Swipe: Conflict-free scrolling and multiple se-
lection on mobile touch screen devices. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems, CHI ’09, pp. 1523—-1526, New York, NY, USA,
2009. ACM.

Marcos Serrano, Eric Lecolinet, and Yves Guiard. Bezel-tap gestures: Quick activation
of commands from sleep mode on tablets. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems, CHI *13, pp. 3027-3036, New York, NY,
USA, 2013. ACM.

Munehiko Sato, Ivan Poupyrev, and Chris Harrison. Touché: Enhancing touch interac-
tion on humans, screens, liquids, and everyday objects. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems, CHI *12, pp. 483-492, New
York, NY, USA, 2012. ACM.

Brandon T. Taylor and V. Michael Bove, Jr. Graspables: Grasp-recognition as a user
interface. In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems, CHI *09, pp. 917-926, New York, NY, USA, 2009. ACM.

Matthieu Trudeau, Tawan Udtamadilok, Amy K. Karlson, and Jack Tigh Dennerlein.
Thumb motor performance varies by movement orientation, direction, and device size
during single-handed mobile phone use. Human Factors, Vol. 54, No. 1, pp. 52-59,
2012.

65



[WCRIO9]

[WHM12]

[WRO09]

[YCFZ12]

[YHHH13]

[ZBAK10]

[OO 07]

(OO0 12]

(00 13]

Feng Wang, Xiang Cao, Xiangshi Ren, and Pourang Irani. Detecting and leveraging
finger orientation for interaction with direct-touch surfaces. In Proceedings of the 22Nd
Annual ACM Symposium on User Interface Software and Technology, UIST °09, pp.
23-32, New York, NY, USA, 2009. ACM.

Julie Wagner, Stéphane Huot, and Wendy Mackay. BiTouch and BiPad: Designing
bimanual interaction for hand-held tablets. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems, CHI *12, pp. 2317-2326, New York, NY,
USA, 2012. ACM.

Feng Wang and Xiangshi Ren. Empirical evaluation for finger input properties in
multi-touch interaction. In Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems, CHI 09, pp. 1063-1072, New York, NY, USA, 2009. ACM.

Bo Yi, Xiang Cao, Morten Fjeld, and Shengdong Zhao. Exploring user motivations
for eyes-free interaction on mobile devices. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems, CHI 12, pp. 2789-2792, New York, NY,
USA, 2012. ACM.

Neng-Hao Yu, Da-Yuan Huang, Jia-Jyun Hsu, and Yi-Ping Hung. Rapid selection of
hard-to-access targets by thumb on mobile touch-screens. In Proceedings of the 15th
International Conference on Human-computer Interaction with Mobile Devices and
Services, MobileHCI *13, pp. 400—403, New York, NY, USA, 2013. ACM.

Robert Zeleznik, Andrew Bragdon, Ferdi Adeputra, and Hsu-Sheng Ko. Hands-on
Math: A page-based multi-touch and pen desktop for technical work and problem solv-
ing. In Proceedings of the 23Nd Annual ACM Symposium on User Interface Software
and Technology, UIST ’10, pp. 17-26, New York, NY, USA, 2010. ACM.

0000,0000.00000000000000000000 (its2,its 00 0
0,000000,00) 00000000000000.1E, 0000, Vol. 106,
No. 537, pp. 61-66, feb 2007

gooo,0gbob.0obooboobboobooboobboobo.boo
obooboooobo0o obobri2, 0d 20124, pp. 9-14, March 2012.

000,00000,0000.0000000000000000000000.
00000000 2013, pp. 56-63, 2013.

66



o0 AD0O00O00000o0oooooood
guoguod

gobooboobbooboobooobuooboobobooboono

67



AX—h 74 LB BIEOT - NE~DIBHOEEN

e MR

Z OEEFERC AT E . HY LS IXE T, AEBROHME. Av—F 7AY
HIBT2EEOT —2 % WIS 2 HT4. A ERiaE | BRI 2 9,

SEEAH ORI SRS 5 BT A wREMD B 9, A, EBAOBINEHER
HOEHBEICLSEOTHY . EBAOBINE MRHES - TS 28 HiTE 2

F—4 OEY BWICEL T

AR B WTRELNAANT — 4 RUHEIE., ERO S, & FRADRRICE
WT TS w iS4, T ORRMEAYRRETE Dok S UL £+,

AAEICBIL T, bRl AR FEL 22 ETEBC BINL T2 Ak, Tl
OFEALMICBLE S ECEL 29

Tk #£0H o

i EH

B B ovEa—dPS v AN B

68




7V —h
BUFO7y =M I FI (W O OZ DT EE W)

11431

1.9 2%

2 FHh

( )
3FEF

L4724 3. WA

4 BERAT—h 74 vEFRALTVWET S
LEV 2000

5(4TMH V] &BARLR) EAL TV HEORE, 08, RUERPEREHATTEV
o B3R )

e OS ( )

o SRR ( g o H)

6 (4TI EBAFH) AN—b 74 v EKFERFT288. PELDOFTHROFE
HEWTTH

LA 27/ 3. 34 4 FPREEEL v
74T IRV EBALA) A+ 74V EEFRFT Y. YE5L0FTHDOE
HEWTTH

AT 2/ 3.4 4 WFEEEL Qv
S( 4TIV &AL A9 —b 77 &2 BFT3 188, BHREFE HAFREEELY
DL ICENFHETS, £ TOEREEORISEHLTTEIW

ZHiEAdh) S TE¥VEL

69




JoBuodbougogodouoooogod
guoguod

gobooboobbooboobooobuooboobobooboono

70



AX—h 74 LB BIEOT - NE~DIBHOEEN

e MR

Z OEEFERC AT E . HY LS IXE T, AEBROHME. Av—F 7AY
HIBT2EEOT —2 % WIS 2 HT4. A ERiaE | BRI 2 9,

SEEAH ORI SRS 5 BT A wREMD B 9, A, EBAOBINEHER
HOEHBEICLSEOTHY . EBAOBINE MRHES - TS 28 HiTE 2

F—4 OEY BWICEL T

AR B WTRELNAANT — 4 RUHEIE., ERO S, & FRADRRICE
WT TS w iS4, T ORRMEAYRRETE Dok S UL £+,

AAEICBIL T, bRl AR FEL 22 ETEBC BINL T2 Ak, Tl
OFEALMICBLE S ECEL 29

Tk #£0H o

i EH

B B ovEa—dPS v AN B

71




7=k

BAFOT Y r—=hzZHATFI 0 W OmEIc O 2T EI W)

BFEFRICE TS d-swipe DFERBZE > TLEEL
L FEFECEP T 2 e 3 EE 4 iz w

BAFEFRFICE TS d-swipe DEFERBEE > TLEL
L3EFZ @Ry 2 fe g 30 EE 4 fdonizdn

d-swipe ZFAL TWT RS EEHATTE L

5. FERNZE Iz

5. JERNZ Iz

dswipe ZHEAL TWTEI 2 EREHATTFEW

72




B FEEFICS 1% Bezel Swipe DFRRIEE S TL 0
LFEFEC P 2 e 3 EE 4 iz w

AFEERIZE TS Bezel Swipe Q@ RRILE S TL b
LFEFIz P9 2 R 30 8E 4 iz

Bezel Swipe 2 {ERAL TWT B 2 & A TTFE W

5. FEFITE Iz W

5. FERNZE Iz

Bezel Swipe ZfEAL TWT B2 Rl EZHATTFEI W

73




FFRFRICEITID RS » RIFOERRIRES TL b
LI fRdy 2 e 308 4 iz

MFEFRICE 5 RS Y IRFOERBIZE S TL b
LAEFIs R4 2 fiiedne 308 4 foizdn

Ry & ERL TWTRA > ERERATTEW

5. FEFITE Iz W

5. FERNZE Iz

Y VEFeERAL TWTEIr o RE#HATTE WL

74




d-swipe #F AL AVWBEAFACTVWEL S HATTFE W

ZDOfth, d-swipe PERICOVWTHANZERPEENTCIVELELHATTE L

ZHEhd&Y) ks TXVEL

75




Joctuiouoouoonooouoood
HREEN

gboboobooboobobooboobboobooboo

d-swipe U0 OO0 OO0O0O000O0OO0OO0OOOOO
e JOUODOUODOODODODODODODODODODLDODODLODOODO

e NUODOUODLOUODDOOOLOODLOOLODLOLDDOLOODLOLDOODLDODLDObOODLOn
obooboooobooooboobobobooooooooo dswipeOOOODOO
ooooo

ubbobooboboooboboooobobobooooboboboobooonogoon
gboooooon

ooobooboooboobbobooboooboobooooooboooobooboooDo
gbobobooboboobobobobobobo

e J0UUIDUODUODODUODODLOUODUDUDODDLUODUODOOLOUODUODOOd-swipe
gbooboooooooooooooooooogoDog

ubboobuoobbooboobbooboobo

e JIDUOO0ODODODOODODOUODLODODDOODODOODODLOODODOD
ooDoooooooooooooooooooooooooooooooogn

ubboobogboobbooboobbooon

e JOUDOOIDOUODODODOD200Db0DLDO0DUODLODD

ooboboooboooooobbodswipeOOODOOOODODOODOOODOO

ubboobuodgboboobbooboobbooboobboon

gbobooboobobooboobbooboobbooobooo

ubooboobooboobooboobobobobooboboobuoboboobbo
ooo

76



ubooobooboooboobooboboooobooboboooobooboooobooonoon
oboooooobooodbdswipeUDOODOODOOoOoOoooooobooDO

gboboobooobooboboobooobboooooan

ugbbgobuoobbooobuooboobobuooboobboooo

gobooboobbooboooboo

d-swipe U0 OO0 OO0 O00OO0OOO0OOOOOOO
e JOUODOOHistoryJODODODOODOODOODOO

e JO0O0ODOODOOLOOUDOOLDODODOOLDOODODOODDOODOODDLDOODOD
gbooboooobobobooob

obooboobooboobobooboboobooobooboboooobooonoo
gbooboobooboooooooooooooooooo

oboooooboobooobooboooooboooobooboobooboobooono
ooo

goooo

e NO0UDOODDOODOODLOODDOODLOODDO

e NOOO0OODOOOOOODDOOOLODLDODDOOOOOOODDDODOOOOOOOn
goo

oo3gjbooooooooooboop2b0bbobooooooboooobooooooooboooo
goboobogoo

gboooboboooboobooboobooobobbobooboboobobooon
goboobogoobg

e NUUIDODOODDOODLOODDOODDLUOODDOODLOODLDOODDOODLOODD

ubboobuoobbooboobbooboobbooboo

gboboboobooboboobobooboboobobob

goobgooboobogoboo

77



Bezel Swipe 0 000000000 OOOOOOOODO
e JOUODOUODODODODODODODOD

googno

e NOUIDDOODDOOODOODOOD

goobgooboobogoboo

gbobooboobobooboobobooboobbooboobbooon

e NOODOOODODOO

ubboobooboboobooboboobooobbooobooog

ubobooboooood

ubboobooboooboboobooo

ubbooboooboobon

gbboobogboobbooboobbooobooab

uboboodoobooboobobuoobobooooboboooboboobobaon
gooooo

ubobooboogn

ubobooboogoood

gbboobuoobbooboobbooboobbooboobbooboan

dswipe OO OD0OO0OO0ODOOD0 100000000000

Bezel Swipe 0 000000000 ODOOOOOOODO
e dswipeUDOUODOODOODOODOO
e NOIDOOODDOODLDOODDOODLOODO
e NOUIDDOODDOODLOODDOODUOODDOODDOODLOODDOODOO

obooobobooobobobooboboooboobooboboobooooboon
oobooboogboobooboobobooobooboobooboboobooono
ugoogo

uboboobooboobooab

78



OiPhoneJ O Chrome OO0 00000000 0ODOODOOOOOOOOODOODOODOODO
gboboobooobobon

uboobobooboboboooboboboobobobobooooboobooobooon
googd

e NUODOOODODOOODLOODDOODLOOODLDDODO

ugbboobuoobbooboabo

gobooboobbooboobooboboobboooboobbooboobo

gboboobooobboobooboo

gbboobuoobbooboobbooboobbooboobbooboan

boboboobobobobobooboboboboo

gbooboobooboobbooboobbooboobbooboobbooobg

ubooboboobooooboobobooboooboobooooboboooobooboonoon
goboobogoo

ubboobooboobboobooobbooboobbooboobooon

ugbboobgaaoo

googooo

goboobooobooboooboobooon

e NUUDOOOODLOOODLOOOO

gbooboobooboobo

e JOOODODO

ugbbooboobbooboobbooobooo

gbooboobobobo

gboboobooboobbooboobooobooon

ubbooboobbooboobbooo

ubbogobuogboobobooboooboo

79



oboboobooooobon

obogboobooboooobooboobooooobooboobooboobbooono
gbooboboobobobo

uboboobobodobooboboboooboboobuoobobooboonoo
ugbobooooboogo

ugboogoood

goboobooboobboobuooboooboo

uboboobooboboobooboboooboobbooobooboo

ubobgoooo

ooooo

goboobooobooboooboobooon

e JOOODODODODO

goboobooboboooboboboooboobooobooboobobobooobooono
oood

gbboobooboobboobooobooon

gobooboobbooboobobon

U2000000b0obogooooooonog

ubboobuoobbooboobboobuoobbooobooobboooboab

obooboooooooooooooooonog

e DO ODODODODLOODLOOOODODOODODLDODDODLODDODLODDOOO

gbboobooboobboobooobooon

vboobooooboooooooooooooooooooobooooobooboonDo

goboobooooboooo

ubboobooboobbooboooboboooboobooonoog

ubbogobuogbooboob

80



e HUDODOODLOOUDDOODLODLODLDOUOOLODODOLDOODLODLDOODLDObLDOODbLODOn
goo

e NUOUODOOOODOOODODOO

e JUODODODODODO

d-swipe U0 ODOO00O0O0OO00O0DOOODOOOODOOO

e NUIDODOOODOODLOOOODOODDOOODOODLDDOODLOODLDOO

ubbogobogbooboo

gboobooooooooooooooooooooooooooooooooon

e JOUDODOUODODODDODODUODODO3ObObOObObOObLObOODLO

ooobonond

ooooooo

gboooboobooboboobobgobobobobooboooobobooobgooon
goooo

e JO0UIDUODOUODODOODODOdswipeU D ODOODDLOOOOOOOOOOODO
e NOIODODOOODOOODOOOODOOODO

ugbboobogboobboobooobooon

goooobobooooboobobooooobbbooooobbbboooooobooboobo
uod

webOOOOOOOOOO

e NOODODOODDOODOODDOODDOODLOODO

ugbboobuooboobbooboobbooboobbooboabbooo

oboobooooooooooooo

gbobooboobbooboobbooboobbooboo

81



OO00OC0Od-swipeDOOODOOODOOOOOOODOOOOOODOOOOOODO

e JOUODODODODODODODODODOOD

chrome D0 0000000000000 0O0O0O0OO0OO0O0O0O0O0OO0OOO

uboboooooao

oboobooboboooboboooobooobooobooboooboobooobooono
obooboboobooboooooboooooo

goboobooboboobogoboooboobooboooobooobooboobooooDo
uboobobooboboboooboboooboboboobooooboobooobooon
goboobogn

gbooboooosboobooobobobobobobo

gbogan

dswipelOOUODODODOODODOODODOODODODODOD

e DD ODOUOODODDOODLDOODLODODLDODLOODLODOODLODLOODOD
gobooboobobooboobbooboobboooboobbooboon

dswipe lOODOOOO0O0O0OOODOOOODOOOd-swipeUODODUODOOODOOOOODOO
gboboooobooooboooooooooooooon

82



