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Fig. 2 Process outline of our proposed method.
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Table 1 List of features which our proposed method used.

Index Name Note
1 SC Spectral Centroid
2 OER Odd / even ratio
3 THD Total Harmonic Distortion
4 THD+N Total Harmonic Distortion + Noise
5 THDy Difference between the THD and THD+N
6 S1NR Primary Signal to Noise Ratio
7 RMS Root Mean Square
8 ZCR Zero Crossing Rate
9 PR12 Power Rate (V2/V1)
10 PR13 Power Rate (V3/V1)
11 PR14 Power Rate (Vi/V1)
12 PR15 Power Rate (V5/V1)
13 PR16 Power Rate (Vs/V1)
14 PR17 Power Rate (V7/V1)
15 PR18 Power Rate (Vs/Vh)
16 PR19 Power Rate (Vo /V1)
17 PR23 Power Rate (V3/V2)
18 PR24 Power Rate (Vi/V2)
19 PR34 Power Rate (Vi/V3)
20 PR35 Power Rate (V5/V3)
21 P1 Power (V1)
22 P2 Power (V2)
23 P3 Power (V3)
24 P4 Power (Vi)
25 P5 Power (V5)
26 P6 Power (Vs)
27 P7 Power (V7)
28 P8 Power (Vg)
29 P9 Power (Vy)
30 P10 Power (Vio)
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Fig. 4 18 smartphone places which our system classifies.
(a)chest pocket, (b)jacket pocket, (c)trouser front
pocket, (d)trouser back pocket, (e)bag, (f)cushion,
(g)car mat, (h)blanket, (i)towel, (j)gom mat, (k)wood
desk, (l)wood board, (m)steel plate, (n)stone tile,
(o)smartphone stand A, (p)smartphone stand B,
(q)smartphone stand C, and (r)hand
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Fig. 5 Layout of the room where our experiments parformed.
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Fig. 6 Experimental environments.
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Table 2 Classification result with 18 kinds of smartphone places.

(@ ® © d @ " @ ® O @G & @H m ®@ (@ (@ (@ () | Precision
(a)chest pocket 161 31 21 28 66.8%
(b)jacket pocket 47 68 5 79 65 25.8%
(c)trouser front pocket 11 18 186 44 50 7 58.9%
(d)trouser back pocket 30 103 56 24 26.3%
(e)bag 1 64 76 117 3 7 43.7%
(f)cushion 297 26 25 1 85.1%
(g)car mat 3 43 18 47 203 57 1 37 45 21 42.7%
(h)blanket 6 6 1 48 194 27 2 41 59.7%
(i)towel 50 30 22 225 50 50 52.7%
(j)gom mat 1 50 2 251 2 56 69.3%
(k)wood desk 3 1 104 66 87 0.4%
(I)wood board 38 36 102 7 84 8 0.0%
(m)steel plate 2 2 42 40 8 129 3.6%
(n)stone tile 1 152 63 219 0.0%
(o)smartphone stand A 1 2 1 292 76 78.5%
(p)smartphone stand B 300 100 75.0%
(q)smartphone stand C 4 5 17 52 56 38.8%
(r)hand 2 2 4 12 0.0%
Recall 53.7% 22.7% 62.0% 18.7% 39.0% 99.0% 67.7% 64.7% 75.0% 83.7% 0.3% 0.0% 2.7% 0.0% 97.3% 100.0%17.3% 0.0% 44.6%
MEL, INSIFAT— N7 3 UBfAPICEBENTHSIR K3 Av—b7xVEEE 6 MEOMAKR
BEL WS HSEEDD B (f) ( ) Xrvvay, EOwy Table 3 Classification result with 6 kinds of smartphone
b, IV b, RALTHY, ()7//3/;@@% places.
RTCHEY BDRNEDD, (g)-(h), (h)-(1) FTOHD 2% ) () (@ () (W) (x) | Precision
(s)pocket&bag | 1330 15 24 3 96.9%
< INSIEFHEHDRPDSPVHEL WS ILERDH 5. (t)soft 16 1134 6 33 1 134 | 79.6%
(k)/\/( ) 7&0)*}'[‘ 7'(0)*&‘ fﬂd)*}i’ ADRANVTHY, (u)gom 21 2 214 50 1 74.3%
N v)hard 44 56 1117 8 91.2%
M PUERS T —AH5L, IRSBHEIEPES ) s ot
MEDDORENM MR DRNE WS B EAH B, 72720 (x)standB&C | 33 3 465 | 92.8%
Recall 88.7% 94.5% 71.3% 93.1% 96.0% 77.5% 89.2%
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4.5 BRIEOFEBICETIER

JAFE DB X AT — N 74 VDEE HILL DB B
T35, RA4FR3IOMBBIIHLT, LAEDT—RXDAD
FER, THEDT—XDADRER, B A~C DADKER

IOITELDELDTHY, FEESHOFIIIF %,
F¥ii Accuracy ZFt#k LT\ 5.
9, Av— b7 xvEBEBLASICHEET L. NI

WBASR—bF 7402 LEEIZELTHAS I 2EET S
&, Accuracy 28 90.9% & EMEETH B, FHE, Thbb
A= APERIFHNTWHREDIES A, ERE LD
Accuracy 2% 3%FREMK T T 5 Z L BRI NH, A —
ADREYNZ TN TWIRWRILTH Accuracy 2 87.4% &
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Table 4 Comparison of classification result with 6 kinds of smartphone places between

each environment.

F-measure
Accuracy
(s)pocket&bag  (t)soft (u)gom mat (v)hard (w)stand A  (x)stand B&C
All 92.6% 86.4% 72.8% 92.1% 97.6% 84.5% 89.2%
Upward 96.0% 85.9% 85.4% 93.1% 95.5% 83.7% 90.9%
Downward 88.8% 86.9% 60.1% 91.1% 99.7% 85.1% 87.4%
Environment A 94.4% 92.2% 74.8% 91.9% 97.5% 100.0% 92.8%
Environment B 89.8% 78.7% 69.8% 90.3% 99.5% 59.5% 83.4%
Environment C 93.7% 88.9% 73.3% 94.1% 95.8% 90.4% 91.4%

Y, AC—ABRRMMIHZDPBMIZHDPL WD RILH
EBPREL RV E WS PR GRS B O, 2L,
(u) TLDO~ Y MU TETE, FaEo5E 20%0
DOKiE FEOE T AR S 17z,

WIZ, AR—hN7 4+ VEIIDOBRIEIZERT 5. &R A~
C T, BB O & Accuracy 2% 10%FEEE F L TW5.
BREE B IZAIZZ Y R— VOB R Eo /-2 &0 5, i
WHHEET, AR THEND & fEEREMET T 5
BEVED D B Z L SRR S Nz, T (1) b o WHE L,
(x) "=V FEZATDAY = 74V AXY KB & CI3ik
CERBEOFE2Z FEPEHLTWS.

DEEBEEZZE, A= T4 OESHP, JHFHED
LEODEPNFHIZE ST, HEHEIZ 5~10%DEH)IZ R
oNBHLDD, REOHEREEIX XU LEZRTTED,
BREOMBIIRELL 2V LA EREI N,

4.6 HHEOEEE

LODO-CV (2T 6 FEBEHDFAIFE A % 17 - 7B, Ran-
dom Forest Tl&Y = fRBUC & 2 Reie oo 8 B 3l 2 47 -
TW5. R5ICAMETHRALZBRER L EEE (Mean-
DecreaseGini) # HEEEIE TR, Index FIEFE 1125
JGELTW5.
#oHERBE, HFDT— (P1) 2iZLdELT, &
EAE R DT —DEBENE N bbb, iz,
THD 2 EHEDOEAZRIHHE D, SFEHO T —
R OEBENZRFEOIES NEETH D, REFET
i, EY—270NRT7 =2 AWBEITOY Y TN pEERT
S LRV RZIT SNz,

5 &bHUWIC

AHFGETIE, AR—F 74 UBRED LS RMED EIZE
PNTVENREWS IV TFANERET HFEEFHKL
oo AR— M7 X VEESGOMENONSEZ LT, MEIZ
Je U CBHIAEZ EYNCHEAET SV AT AR EADR
FADHEREE 22 5. BlZIE, Ry MBI hTnws e &
WAL T =2 a vy, VIO EIZEIPNTVS &
X121, N 7L — a7 LT LED ST DA TEEAIT

®k5 FRREOEHEE—H

Table 5 List of importance of features.

Order Index Name MeanDecreaseGini
1 21 P1 437.7
2 22 P2 396.8
3 23 P3 365.2
4 25 P5 325.9
5 26 P6 320.6
6 10 PR13 249.2
7 12 PR15 244.1
8 24 P4 214.3
9 17 PR23 208.4
10 13 PR16 194.2
11 20 PR35 186.0
12 9 PR12 182.7
13 19 PR34 119.4
14 11 PR14 101.8
15 27 pP7 80.8
16 14 PR17 78.6
17 18 PR24 76.6
18 7 RMS 43.6
19 28 P8 22.4
20 30 P10 18.1
21 3 THD 16.1
22 29 P9 10.7
23 6 S1NR 9.6
24 4 THD+N 9.4
25 5 THDn 9.3
26 1 SC 8.3
27 2 OER 6.6
28 15 PR18 6.1
29 16 PR19 4.5
30 8 ZCR 1.2

2D LD, MHAENKGDERTVEMEZEETSZ
EAHREIZ A B

REFETIE, A—bT742H»5 1024Hz DY —TFH
EHL, RESE2BNTAILTAY— N7 VBEEEHOD
WEEZFEB L., 1ISHEEOMEBEIZ CTREFIEZ ML 72
BE, WS OO —FIZHETE B AHENENRRZIT S
N, BRI, BT ML, OSSP WHME, TADT Y
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SHOFBE LT3 MEZEIF5. 1 2HIZ, AMOMS
DEBAREZRT LD, FABMD ) A XV 2 BB X7
L EOHRIEEOEF EFERLTW ZLTHD. £z,
HMEOERIINUT, BREFIEVKTISEEZEORESE
TR THHIEE I ER TRV EEBRT 5.

2 OHIE, BEEFORBEENEOR#ELTHD. S0,
B— I 1024Hz O FERLE % FEF ICBRA L7208, H—
AT HICEE S AN S L HREN LD 5. £z,
SRIERA U7Rd o 72 SR O LR, 8D HIEE
ERRT 2L THRONIMEELERHED, BERERED
Kz W5 Z 2T, HIZHAKEED M ET& 5N
H5.

3DOHIE, EFETILI)ZALDOFHETHS. SHEIFEY
7T XS ARG IEEHERE S, BRETEOER
MR & B U7z, Sl B RFEET LIV ALE
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KNz, BRI A—RERRT B LT, HIZHAKEE
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