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Shaka: Method for Estimating User Movement
Using Mobile Phone

AREI KoBayasHr, ! Takesar Iwamorof!
and SATOSHI NISHIYAMAT!

This paper presents a method for estimating the movement of a user using
a system that combines GPS, a microphone and an acceleration sensor able
to be fitted in a mobile phone. Past attempts to provide a means to identify
movement associated with riding on a bicycle, train, bus or car, in addition to
common human movements like standing still, walking or running, have had
problems with poor accuracy due to factors such as sudden changes in vibration
or times when the vibrations resembled those for other types of movement. The
proposed method aims to avoid these problems by treating time-axis changes in
the data from each sensor as state transitions, and by combining different tech-
niques for identifying each type of movement. Performance test results show
that the method achieves 80% or better accuracy for all seven of the different
types of movement mentioned above.
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Table 1 Target application and detection item.
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Table 2 Comparison of speed detection accuracy.
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Table 3 Estimation accuracy of previous method.
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Fig.1 Example of similarity between bicycle and car.
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Fig.2 Example of similarity between car and stop.
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Fig.3 Sudden change in vibration.
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Fig.4 Standard deviation of amplitude.
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Table 4 Genetic algorithm parameters.
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Fig.6 Processing flow for the maximum likelihood estimation method using HMM.
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Fig.7 Power spectrum example of microphone data.
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Fig.9 Average speed comparison of bus and train.
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Fig. 10 Experiment terminal.
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Table 5 Specification of sensor module.
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EEES

SHE, HE

10cm x Sem x 2cm, 85g

~P—R— K

gumstix basix 400xm-bt[24]
(CPU:Xscale 400MHz Memory:64MB)

N >4

AK897IN (3 axis, 128Hz)[25]

~47

Yo7 7 L— b 24KHz
TR 74—~ : PCM(16bit)

GPS
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Table 6 Experimental data component.
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07 0000000000000 1secO

Table 7 Estimation accuracy of least-errors method (1 sec).

Bahikae Precision Recall F &
HEAT 1.000 0.992 0.996
HAT 0.992 0.944 0967
HiRH 0.960 0.566 0.712
Al 0328 0.995 0.493
EEULS 0.595 0258 0.360
IR 0.508 0.157 0.240
FEH 0.550 0.303 0.391

08 OD0OO0O0O0O0O00O0O0O0O00Z2secd

(2sec).

Table 8 Estimation accuracy of least-errors method
BEhikee Precision Recall F &
AT 1.000 0.995 0.997
HAT 0.997 0.945 0.970
S 0.962 0.720 0.823
{21k 0.386 0.994 0.556
HEIE 0.565 0.258 0355
AV S 0484 0.113 0.183
o 0.364 0.325 0.344

09 0000000000000 4secO

(4 sec).

Table 9 Estimation accuracy of least-errors method
Bahikae Precision Recall F i
AT 0.999 0.955 0977
HAT 0.955 0.805 0.873
ERH 0.878 0.806 0.841
=ik 0.447 0.954 0.609
SEDES 0.619 0362 0457
IR 0.553 0343 0423
L 0.616 0.529 0.569
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Table 10 Estimation accuracy of least-errors method (Average of power spectrum).

Bahikae Precision Recall F &
AT 1.000 0.499 0.666
HAT 0.714 0.730 0.722
HiRH 0.576 0.366 0447
E 1k 0.255 0.995 0.406
EEULS 0.209 0.105 0.140
AV 0.305 0.122 0.175
B 0.000 0.000 0.000

011 0000000000 0OOOFFTOOOOOO.5secd
Table 11 Estimation accuracy of least-errors method (Window shift length: 0.5sec).

BEhikae Precision Recall F &
AT 1.000 0.999 0.999
AT 0.999 0.965 0.981
HfiRH 0.995 0.786 0.879
=ik 0.387 0.999 0.558
SEIL 0.579 0277 0375
INA 0.656 0.096 0.168
CEGN 0483 0.445 0463

012 0000000000000 FFTOODOO1secO
Table 12 Estimation accuracy of least-errors method (Window shift length: 1sec).

BEhikRE Precision Recall F &
AT 1.000 0.997 0.999
HAT 0.997 0.965 0.981
HiRHL 0.989 0.768 0.865
(EA1S 0375 0.999 0.545
EEULS 0.634 0.280 0.388
ISR 0.571 0.104 0.175
FEH 0.439 0.395 0416
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013 OJ00000O0OoOO0ooobobooo 300
Table 13 Estimation accuracy of least-errors method (Time length: 3sec).

P 2NN Precision Recall F fi
HEAT 0.999 0.960 0.979
HAT 0.981 0915 0.947
HRH 0.864 0.648 0.741
21k 0437 0.962 0.601
EEULS 0.488 0.303 0373
IR 0.458 0.151 0227
FEH 0.400 0.351 0.374

014 00000000DDODODOOO0 18000
Table 14 Estimation accuracy of least-errors method (Time length: 180 sec).

“aEnikne Precision Recall F
AT 1.000 1.000 1.000
HAT 1.000 0971 0.985
HiRH 1.000 0.778 0.875
E ik 0336 1.000 0.503
EEULS 0.582 0252 0352
IRA 0.515 0.031 0.059
L 0412 0294 0.343
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015 HMM OOOOOOOOOOOO 3000
Table 15 Estimation accuracy of HMM (Time length: 30 sec).

P2 Z NN S Precision Recall F &
HiiRH 0.738 0.939 0.827
Bk 0.685 0.826 0.749
EEULS 0.632 0.388 0481
IR 0.429 0.698 0.531
T 0.592 0455 0.515
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016 HMMOOOOOOOOOOOO e0OO
Table 16 Estimation accuracy of HMM (Time length: 60sec).

Hanikne Precision Recall F &
HiRH 0.772 0951 0.852
Al 0.771 0.838 0.804
SEULS 0.668 0431 0.524
ISR 0.459 0.761 0.573
FEH 0.676 0.549 0.606

017 HMMOODOOOOOOOOO 18000
Table 17 Estimation accuracy of HMM (Time length: 180sec).

BaEhikee Precision Recall F &
HiRHE 0.810 0.988 0.890
2k 0.797 0.831 0.814
H EhH 0.689 0.406 0.511
AV 0442 0.770 0.562
CEGN 0.665 0.637 0.650

018 0000000 HMM OOOOOOOO
Table 18 Estimation accuracy of HMM using microphone.

ke Precision Recall F fii
SEYLN 0911 1.000 0.954
AV 0.582 0.742 0.652
FEH 0.896 0.645 0.750
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Fig.11 Comparison of power spectrum between crowded train and bus.

019 GPSOOOD HMM OOODOOOOO
Table 19 Estimation accuracy of HMM using GPS.

Hahikne Precision Recall F &
INA 0972 0.984 0972
EHL 0.961 0.932 0.961
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Table 20 Average processing time of each methods.

P SRR

TGEREED FFT Imsec(0.5sec [EIFE)

/R 10msec
#7272 UGS D FHIAL
PRI A E 720

JIMEREE % FAV 2 HMM HE | 3240msec

TEE #7272 UGS EE D FHIAL
PRI E 720

~A 2 DFFT 30msec(9sec i)

~A 7 %= HMM HE | 234msec

TEVE HIZTZ L~ A 7 OFFL
PREERN S E 720

GPS % vz HMM #£7E | 70msec

% #7272 L GPS HIfZOME
RIS E e

00o0oooooog Vol 50 No. 1 193-208 (Jan. 2009)

goooooboooooooobooooboooooobooooooooboooooooDoboo
gooooboooooooooooooobobooooooEMMOODOOOOODOOOO
gboooooooboooooboooobooooobooooboooooboOooboooo
gobooobooooooooboooboooobbooboooobooooboooboooooDooo
HMMOOOOOOOOOOOOOOOOoOoOOoooOooOoOOoOoOooooooooOoOoooo
O00000ooO0o0o0ooooooGpSO00O0OOOOOOOOOOOOOOOHMM
goooobooooooooboobodobooooooboOoOoOoobobboooboOboObUoOoDoo
goooobootooooooboooOooooooboOoboOoOoOobooboOoboOoOoOoOoobOoODbon
goboooobooooooooboooooboocooooobooOooon
oooo21000000000C000000O0ODOOOOOOOFODO O8ODODODODO
goooooboobooobooooooboOooobooooooooobooooOo 10000
jogbooocobooboooo1l1b0o0owooooooooooooooooooooonoo

| EREIGER, Y15, GPSICk M |

(42 BNEERESE DR |
#ERE

I
#17| |tk |

Ed

|43 BAMEE DK |
HERE|

{ !
\m?%\\a§$|\$¢\

| 44 BrfERE D) |

| 45 BARERGPS) |

HERR

012 0OO00O0OO0O0O0OO0O0O0O0o0
Fig. 12 Processing flow of proposed method.
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021 O0DODOODOODOO
Table 21 Estimation accuracy of proposed method.

P2 Z NN Precision Recall F (&
AT 1.000 0.999 0.999
HAT 0.999 0.965 0981
H#RE 0.781 0.988 0.873
{21k 0.797 0.831 0.814
SEULS 0.844 0.936 0.888
INA 0972 0.927 0.949
T 0.961 0.878 0918
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