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Abstract: In this study, we develop a system detecting a smartphone wearing position on the user’s body.
This system detects the wearing position by DNN (Deep Neural Network) using observed multiple sensor
values. If the smartphone wearing position can be detected, it will be applied to some consumer support
applications, such as pocket dialing prevention and automatic changing the notification method according
to the wearing position. Proposed method detects seven wearing positions such as “in the trousers front
pocket”, “in the trousers back pocket”, “in the chest pocket”, “in the inner pocket”, “in the jacket pocket”,
“in the hand”, and “in the bag” when the user is walking. We performed an experiment to collect sensor
values for 16 participants. As a result of the evaluation by Leave-one-subject-out Cross-Validation (LOSO-
CV), proposed method could classify seven positions with 81.7% accuracy. Moreover, in the case that a chest
pocket is regarded as the same position with an inner pocket, proposed method could detect six positions with
86.7% accuracy. This paper also describes that using multiple sensors increases the accuracy of detection,
and proposed processing method for accelerometer increases the accuracy of detection.
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Table 1 Related studies about detecting the smartphone wearing position.
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Fig. 1 Detecting a smartphone’s wearing position by machine

learning.
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Fig. 2 Five kinds of pockets our system detects.
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Fig. 3 Two patterns of a smartphone’s position in the user’s
hand.
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Fig. 4 Axial direction of the accelerometer.
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Table 2 Detail of 16 participants.
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c 22 % Galaxy S2 —I=FIxrvr FINY  A=Z—F— DI A KB
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Table 4 The result of detection by DNN.

£ 5 RF 12X 2R
Table 5 The result of detection by RF.

front back chest inner jacket bag hand |Precision

front back chest inner jacket bag hand |Precision

front | 2772 190 0 18 45 10 0 91.3%
back | 231 2606 51 22 12 0 0 89.2%
chest | 8 142 2074 693 154 30 0 66.9%
inner 1 31 259 977 222 35 0 64.1%
jacket| 102 78 41 343 2328 101 42 76.7%

bag 4 11 32 37 196 2095 97 84.7%
hand | 0 1 27 26 11 227 2953 | 91.0%

front | 2657 381 1 18 182 9 0 81.8%
back | 140 2216 136 79 4 0 0 86.1%
chest | 18 182 1821 842 136 154 0 57.8%
inner | 14 54 289 654 91 10 0 58.8%
jacket| 289 226 237 518 2474 212 55 61.7%

bag 0 0 0 5 79 1798 71 92.1%
hand | 0 0 0 0 2 315 2966 | 90.3%

Recall|88.9% 85.2% 83.5% 46.2% 78.4% 83.9% 95.5%| 81.7%

Recall|85.2% 72.4% 73.3% 30.9% 83.4% 72.0% 95.9%| 75.4%

F6 WAy FEWNKET Y MEEH L7 DNN 2 X 2w 8
Table 6 The DNN’s result of detection combined chest and

inner.

RT MRy FEAKRT Y PEEER L RE X SR
Table 7 The RF’s result of detection combined chest and in-

ner.

chest ..
front back jacket bag hand |Precision
er

chest o
front back jacket bag hand |Precision
er

front 2772 190 18 45 10 0 91.3%
back 231 2606 73 12 0 0 89.2%
chest+inner| 9 173 4003 376 65 0 86.5%
jacket 102 78 384 2328 101 42 76.7%

front 2657 381 19 182 9 0 81.8%
back 140 2216 215 4 0 0 86.1%
chest+inner| 32 236 3606 227 164 0 84.5%
jacket 289 226 755 2474 212 55 61.7%

bag 4 11 69 196 2095 97 84.7% bag 0 0 5 79 1798 71 92.1%
hand 0 1 53 11 227 2953 | 91.0% hand 0 0 0 2 315 2966 | 90.3%
Recall |88.9% 85.2% 87.0% 78.4% 83.9% 95.5%| 86.7% Recall  |85.2% 72.4% 78.4% 83.4% 72.0% 95.9%| 81.3%

AHETFEICE LTI, AL T2 280 I RTo T —
% 2> & Cross-Validation sl 4T - 72356, FESE %
5 ENHEREINT VD 4], KIFZEICB VT [FAEEICH
WELXLEEL:., 20720, HCLT— 72 FE3E %0
Leave-one-subject-out Cross-Validation (LOSO-CV) &\
5 T ORI & 920 L 72, LOSO-CV &k %% 1 A%
TAMT—%, &) x5 ¥E 57— % & LT Cross-Validation
AT FHEFECH . e, FHliT— 7 IEHATRED T —
Yoo EFHIEICOE 1 ARK200 4 Y A8 Y A% T~
LT 7 LT =%ty brERL.

4.2 REFEOHTEIEETM
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A R L7z (R 3). M T 203 ko E A1
EITNTHVWTWAS, —HIICEIHwsNE TV T) X
LTH % J48(22], Support Vector Machine (SVM) [23],
Random Forest (RF) [24] & DNN (2 BT 5 {2 Ot
WaiTo 72, BHMEEDSVLbh ), REFETH S
DNN 7% 80.5%, W CTHREUEIRZ1T9) RF 28 73.2% & &
WIESERERE & T o 72,

K2, RFEDNNDNTA—=FFa—=v T k{fo7z,
Fa—Z Y T ERIT57287 A—=4%1%, RF TlAROHK,
IR, DNN Tld NN Ok E &, iEMHLB B #IR,
KA, ADBO oy 77y VRTHBH., — KK
F 2 — = 7% Grid Search T479 & E D%\, filt Tl
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R 8 DNN |2 X 2 F#fim & & OB ILBGE R (LA s EE AL

55, GR I EIIES, RA D IEEAT— %)
Table 8 The comparison of accuracy of detection for each fea-
ture by DNN (LA: Linear Acceleration, GR: Gravity

Acceleration, RA: Raw Acceleration).

F 9 RF 12X 205E L e LB (LA L IEEE ST,

GR . TEHES, RA DIEEAT— %)
Table 9 The comparison of accuracy of detection for each fea-
ture by RF (LA: Linear Acceleration, GR: Gravity

Acceleration, RA: Raw Acceleration).

BENI IR Bt v
Ty A+ Jr a4
%L Yx4n %L vy4n
* R iE T * B iE 3T
LA 73.5% 79.4% 79.7% LA 70.5% 72.1% 70.5%
RA 74.1% 77.9% 78.7% RA 68.6% 71.1% 72.8%
IS ’ 0 0 D 0 ’ 0
bW LA+GR 76.1% 80.9% 82.5% RS LA+GR 73.3% 76.8% 76.1%
LA4+RA 76.8% 80.6% 81.2% LA+RA 71.4% 74.2% 74.9%
LA+RA+GR 76.9% 81.2% 81.7% LA+RA+GR 71.8% 74.3% 75.4%
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# 10 DNN & RF 12 X 2H8# & L Ok
Table 10 Accuracy of detection for each participant by DNN
and RF (for 7 or 6 positions).

D DNN Accuracy RF Accuracy
TIRRE  6iREE | TIREE 6 IKFE
A 97.1%  98.0% | 95.2% 98.2%
B | 68.1% 82.4% | 71.4%  82.4%
C | 86.6% 95.7% | 88.4%  100.0%
D | 83.2% 83.9% | 83.1%  90.6%
E 79.8%  80.1% | 82.8% 84.6%
F 89.3% 96.1% | 68.1% 73.8%
G 95.4%  95.4% | 82.3% 82.4%
H 85.8%  88.4% | 79.1% 86.5%
I 90.5% 93.3% | 66.4% 67.4%
J | 81.6% 81.6% | 81.6%  81.6%
K | 93.1% 93.5% | 81.6%  84.6%
L T1L.7%  741% | 74.0% 74.0%
M 95.7%  95.7% | 91.9% 91.9%
N | 45.9% 58.2% | 37.4%  56.6%
O | 65.7% 65.7% | 52.8%  52.8%
P 71.1%  85.1% | 64.2% 82.6%
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KA1 LY TED 1 7L — A0S0 5 ENE

Table A-1 Feature vectors extracted from one frame of sensor values for each sensor.
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