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A Grasp Recognition Method of Smartphone
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Abstract: There are various hand postures of smartphones according to the users’ situations. In order to
provide appropriate interface, it is important to recognize hand postures when users are using the smart-
phones. Although there are many studies on estimation of grasp posture, most of studies require additional
instrumentation of a smartphone. Others have also proposed techniques for recognizing grasp posture us-
ing the built-in sensor of a smartphone. However, these studies are difficult to recognize the grasp posture
immediately, and do not consider the users’ situations. To realize grasp recognition independent of users’
situations, we consider using the sensor data built-in gyroscope and accelerometer, and touchscreen informa-
tion. In this paper, we use support vector machine (SVM), which is one of the machine learning system, to
classify grasp postures. And we also describe the result of the experiments when users are using the devices
in the room and on the train.
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Fig. 1 Grasp postures according to the users’ situations: (a)

(b)

One and two-handed interaction; (b) One-handed inter-

action.
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Table 1 Comparison of the conventional method and the proposed method.
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Fig. 2 System configuration.
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Left Thumb(L-Th)  Right Thumb(R-Th)
Two- ‘
handed
Interaction Both Thumbs Right Index Left Index
(B-Th) finger(R-In) finger(L-In)

X 3 fFZLHtEy b
Fig. 3 Grasp postures set.
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Table 2 Feature vectors.
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Fig. 5 Training data set: (a) Experiment task and Division of

the data set; (b) 5-fold cross validation.
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Table 3 Grasp recognition accuracy according to feature vec-

tors.

s b A B C D

FRRRREEE (%) 91.8 | 95.8 | 93.2 | 95.4
RRARAG BE D\ IEAL 4 1 3 2
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Table 4 The result of Experimentl; grasp recognition under
5 grasp postures: (a) Feature vector A; (b) Feature

vector B; (c) Feature vector C; (d) Feature vector D.

s ML A Rz (%)

(R L-Th | R-Th | B-Th | R-In | L-In
L-Th 89.5 1 9 0 0.5
R-Th 1 95.5 3.5
B-Th 1.5 0 87.5
R-In 0 1 25 | 93.5
L-In 0 0 0 7 93
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R-Th 0.5 96 3.5 0
B-Th 1 0 98 1
R-In 0 0.5 05 | 955 | 3.5
L-In 0 0 0.5 1.5 98
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L-Th 38 1.5 10 0 0.5
R-Th 0 96.5 3.5 0 0
B-Th 1.5 0 92 4 2.5
R-In 1 25 | 935 3
L-In 0 0 0.5 3.5 96

(c)
B 7 BV D RiEE (%)

ElRER ) L-Th | R-Th | B-Th | R-In | L-In
L-Th 91 0 9 0
R-Th 0 97 3 0
B-Th 1 0 985 | 0.5
R-In 0 0 1 95
L-In 0 0 0.5 4 95.5
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Fig. 6 Using the devices on the train: (a) Sit on the chair; (b)
Lean on the wall; (¢) Hold a strap; (d) Stand.
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Table 5 The sensor data when users are using on the train.
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Table 6 The result of Experiment2; (a) grasp recognition ac-

curacy according to feature vectors; (b) ranking.

RN (%) BNz b
Wi BRI A B C D
o Ji& % 91.8 | 95.8 | 93.2 | 95.4
= TAS) 89.3 | 75.9 | 90.4 | 79.2
JiE % 80.4 | 87.2 | 86.4 | 88.7
BHEHN | F7TOfICb7Nb | 814 | 87.3 | 824 | 86.7
DY) HEFEO /D | 82.0 | 82.8 | 84.9 | 83.8
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Fig. 7 Axis of accelerometer: (a) 3 axis of built-in accelerom-

eter; (b) Side view of smartphone and slope.

T — & DIEALIRAE T, T A b F— ¥ BVALIKRED I
HRMEDINEN R B 720, BHIEREZ &0
MV B & D OREMEEIEL 2V, WmAHFOB X2
TARHEIIUTVWE 720, X7 PV COHPERT
%%t%i%n%

HBENOEGE, ENEREICIE 2 VIERLE Vo 125
S DOREPFLRBORBBEE LR T I TNLLEEZD
ns.

R E OIS & > TRERAGEE OB WIF AR 7 b V35
HoTWwWh, BBURIMEREICHT 21HHREFIH LA
DRHBEZHOTND EEZONLD, FEEOEN
FIZOWTRABRMRAT A2 TETH 5.

© 2016 Information Processing Society of Japan

10-18 (Feb. 2016)

EE

5.1 ERFBEDNE
5.1.1 trHEICETIER

KO T — 51k LT E A E R 72705, Ko7 —%
AR L7 3EARMEICOVTIE ey hrb0ET—4
DOHREBEE L THW:, =022 ) =0 %% v 7T
LEEDTNA ZADE X2 LY L U EIET HAY, 3
BREOHIHMEN SE X OREEDG0b. A7) -k
5y TTHEOMEDEEDOKE SIL, EFRHIZL DR
%BHEEZONDLD, SWMERMEORBEDOT — 5 7
Kea IR 2 HETT 2 2 8T, BEBEOUEI AT
&5,

AR TIENE L Yo BN EHREHVLZ LT
FIHBREA R > TO HRWE VW REBE 2 EB 52 &
WHRTE7, L2L, IS OFEHRICITIEERLEZEDE W
LLTNAADHER A ) =% ¥ v FTHIOMRETE
Tf&< RERBEEE 2 & OMEE A D W REME AT W, 2k

BENTHAEBELT)ORNEEZ S &, BHORE
n@Lﬁﬁmmwmﬁﬁ%@ Ly EIZIEL, J
W= L L THWIENTHE S TWAIRETOEMEL I
NTF—=IPRELRRDEEZOND., 5, SENEMIK
BECORMEL NI CEEDN S LT L O /NS LT
L1200, BWNEMIREETO T — 7 EERETOT— 7 D%
L, BHELI/N S VSR W CILERRE A g L
HPEEEZMAET 2 FETH 5.

5.1.2 WHREREICETIER

L7z 5 X8 — v OIEFELE O PR & A
DAY — > DL ORI T ORI IENS < By
vz, BRI, WEIRCHRET 26120, WmAED L%
Yy TIT LR, BPWPTTNA AP ENH o7
EOREL, FFREOEBIRRELRI LY F o -7 3
CIEEHIE LT
FEEROWBS, BRI 3 TR L7z 5 O RAS T
ﬁﬁ%%%ﬁTéiﬁK%%Ltﬁ ek 0 Lo
BICIBE R T 20 Vo 23 L IRIE 52, #
TEICRIH S 238 20RT DA T, HEIHERE (23S0
Kafpizd7z. Wl O MR ER OILFRLRE T HERE L
72 Znh, B 8(a) DL ) IZHARDME LS ORET I T
ERAHDOTIE L, M8M)DIHIETFIYOALE
WALE LA TFERAZ TWI2Z 0o 7.

EBR KW E Y A A05.74 v FDO7 77 Ly (Ph-
ablet) Tho7zZ b, BERE I M E D5 W
VBT DLEDIITFOBEIEZEZ TV EEZLND.
LHL, A2 =K RIMKRE LT, BELOL WY
FiteoTBY, IROBEDSH & L) fCILAEBIRRIE
(L-Th) &Ti#ifa#lE (R-Th) CTRRTH -7z LHEZE S,
5y THEOEAIOAEE 70 5 2 & T, RS AE L

16



IBIRNIBSLHYEE FU2LAL72Y Vol4 No.d 10-18 (Feb. 2016)

g Y &y

(a) (b) ()
E 8 WEGHENE (B-Th) 055 — > : (a) BT-OREH—5 ; (b)
ETFORBAE | () FTFORBIE
Fig. 8 Patterns of Both Thumbs Interaction: (a) Position of
both hands is a match; (b) Position of the right hand is
high; (c) Position of the left hand is high.
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Fig. 9 The timing of Grasp recognition: (a) 4-digit unlock; (b)
Click icon.
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