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Abstract: The position estimation device using GPS cannot receive radio wave at indoors and urban area
with toll buildings. Thus the pedestrian navigation system cannot utilize in such place since the estimated
position contains large error. To solve this problem, we try to use an accelerometer to estimate a pedestrian’s
action state such as walking, jogging, skipping, going upstairs and downstairs, and propose a position cali-
bration method by using the action state. In the preceding method, we need huge data to estimate action
state. Therefore, it is difficult to process the method in real time on a portable navigation device. In this
paper, we propose a novel method which requires relatively small data size than the preceding method and
consider about the effect of the method.
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Fig. 1 The flow of state estimation.
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Fig. 3 Powerspectrum.
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Table 1 Outline of data collected.
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Fig. 4 iPod Touch.
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Table 2 Number of powerspectrum and modeldata.

N = ARZ MV | ETVT— 55
Status JeAT % FAT  IRFE
Stay 560,321 17,829 306 70
Walk 582,345 23,844 520 90
Jog 555,778 23,090 540 90
Skip 542,871 19,882 540 90
StUp 571,430 20,325 542 90
StDown 555,576 18,759 540 90
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Fig. 6 Estimate.
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Table 3 Results of state estimation (Preceding method,
subject A).

Stay  Walk Jog Skip  StUp StDown
Stay 91.83 4.62 0.71 0.00 2.84 0.00
Walk 043 77.15 8.24 0.10 11.86 2.22

Jog 0.00 0.00 93.93 4.58 0.63 0.87
Skip 0.00 0.30 0.86 72.33 4.70 21.80
StUp 0.72 31.64 0.14 1.50 55.09 10.90

StDown | 0.00 12.94  0.10 0.68 18.02  68.26

OverAll | 75.61

F 4 REHERE GRFEHNA - e A)
Table 4 Results of state estimation (Proposed method,
subject A).

Stay  Walk Jog Skip  StUp StDown
Stay 93.89 2.78 0.00 0.56 2.78 0.00
Walk 0.00 68.22 5.61 1.87  23.36 0.93

Jog 0.00 0.00 94.40 4.00 0.80 0.80
Skip 0.00 1.80 1.80 70.97 4.30 22.58
StUp 2.08  30.21  0.00 0.00 58.33 9.38

StDown | 0.00 14.67  0.00 1.33  28.00 56.00

OverAll | 77.51

x5 REHERR BT &7 -5)
Table 5 Results of state estimation (Preceding method,
all data).

Stay  Walk Jog Skip  StUp StDown
Stay 89.85  1.47 1.48 0.78 3.54 2.89
‘Walk 7.53 56.55 1.09 0.90 29.01 4.93

Jog 2.69 094 87.71 2.77 1.62 4.27
Skip 2.21 1.88 1.89 73.58 5.05 15.39
StUp 7.26 17.43 0.44 0.22 64.16 10.49

StDown | 4.17 18.67 0.51 1.40 25.88 49.37

OverAll | 69.45

® 6 WREEHR GEEAK - &7 —-7%)
Table 6 Results of state estimation (Proposed method,
all data).
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LIREF RO IHEEDS BN EDGH 5. RIC 4 N5
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REEHEE AT A B 2 &V h o 7.
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INHDOFERENS, BEMOT— 4% TlE, SVM 2w
2bDDRODIEEDR BN EWDh D, 127, BRERE
5L, SVM 3547, A%y 7OHEREI ML D
bEd, BEEY, BEEETDICOWTORBEIEL RnS
ENG, D, ARRICRERTIE, BT, A%y TOHERE
JERENZ LGN L. O LS, BHIRTIRKEIC L5
THEERENTBNDDLHENLDDH Y, ZhEND A
DEMABINTVWDEEEZOND.

RICHEN IV ERELZ B L 02 7
VR, WY Y SV ST — ARY BV EETIL T —
yDa—2 "y FEEEEE KO BB L 22 EE 7 — ¥
DWTHAH. M2 05005sE )12, MEET— 7134
RIIARF BB IR E REPEEN TN L0, 22T
&, AR D SIS HEY > VTR I NS EL T
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Table 7 Results of state estimation (SVM).

Stay  Walk Jog Skip  StUp  StDown
Stay 87.78 4.38 1.05 1.09 3.98 2.02
Walk 2.46 72.67 0.98 1.23 13.52 9.14

Jog 2.17 299 89.34 1.24 0.86 3.40
Skip 2.01 2.55 2.42 81.95 1.30 9.78
StUp 2.61  26.75  0.22 0.49 56.19 13.75

StDown | 2.32  21.01 2.25 3.79 13.33 57.30

OverAll | 74.54

® 8 REHERR (REA)

Table 8 Results of state estimation (Decision tree).

Stay  Walk Jog Skip  StUp StDown

Stay  Walk Jog Skip  StUp StDown

Stay 87.25 1.94 1.07 0.85 5.48 3.42
Walk 6.64 54.34 0.60 117 31.54 5.71
Jog 3.52 1.17 83.14 4.34 2.11 5.71
Skip 2.14 5.07 2.23 68.88 4.13 17.55
StUp 7.89 14.39  0.39 0.30 64.27 12.76

Stay 80.17 8.43 3.80 1.43 4.31 4.14
Walk 1.96 56.48 1.92 1.68  23.21 14.76
Jog 1.89 1.80 86.93 2.56 1.49 5.33
Skip 1.82 1.78 3.02 83.59 2.04 7.75
StUp 2.23 15.98  0.97 0.99 60.89 18.93

StDown | 4.77 18.53 0.10 1.20 28.91 46.49 StDown | 1.80 13.11 2.25 4.09 18.85 59.91
OverAll | 67.30 OverAll | 71.33
© 2012 Information Processing Society of Japan 71
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Fig. 7 Result.
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Fig. 8 Result 2.
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SVM % Ex vz FE L iR oTws, b Lol
ERED L WA 72 EOMERIZOWTARBRET 540
ZH 5.

72, VIAYY) U TICENVERT A, ETIVT =D
Bamo LTOIREHREOREICH T ) BBl 2w e
otz FICVZIE, EFVT— ¥ 20 LT b T
A ELTWaWnwZ &ilh b, SNIHRO 7 725
YT EBRETNVT = YERCE D D T D) AR)ICEERE
TVWEWI ERERLTWS, 41, AhloffRkz S512
AT L, HEERE 2 LS BFEICO W T OME & D
720N,

REHAOMELE L LT, 4T LOFEREOHEDL)
LD nEn) ZEEHIFoNA., BREFIIZENE
JERBRC LI & A ENIREED Do TR R\ 728, A
FEVRANPIEIIEDDL A IV THPBETE LW — AH3EE
AT 5. BERHIAEBONELE S IR IR S WiEiE L 57290,
ZOFM TGN L - T CTOREHEZT ) LEND 5.
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L2 L, AEESORE, REOBEEbI L) #FHRmET
DIREHEEINIRKECHHELZE VR 5. SHRIIARY R
TARFEREL, ERECOMEREZEVILL, BT 24
BB Db,

B AWFETHW IR T — ¥ 0% < 13 HASC Chal-
lenge2010 TIUES N, s -dbDTHA. BfRSh
TeH A O R TRHEOEEZ KT 5.

%72, RO —HIIFIE (FEERIZE (C) No.22500067)
2k o7z,

SENH

1] B &7, BEREZ nEEL &2 He TR fTHE T E
F—arOMERHIET 5 FEORSE, BHLEEE
RVF AT AT, SR, W& AL (DICOMO2010)
2 VAR Y Y LA, TPSJ Symposium Series, Vol.2010,
pp-961-967 (Jun. 2010).

2] B BT, BRAEZ ST EORENE ok TE
FET =g Y FEORE, EHILEARG 43 Ol
WY AT LHFZES: (2010-1TS-43), Vol.2010, No.20 (Nov.
2010).

(8] /NS, ANEEA, SR BVMARY v a = vy
AT ARSI TR AR O — & 7 ARIATE
T N, EEMERA RS 2002, FAT 4+ — T L5
Fim LA (2002).

[4  BEEIET, WHRE v 7 7 A x5 LB B
DF =T HEIITEDLN= D F VR v a=v 7, BT
TEHOEAE FRPAI7E e, 5 12 DA E,
PRMU2002-180, pp.67-72 (2003).

(5] A RR, NREERE, BN K, FIEz, FlkOR s
RENA VLY ERAVIyTF A MEICE I Y7~
VEEY — ¥ A ORkET & 92%E, BTN HOBE SR BANITZE
i, Vol.104, No.691, IN2004-226, pp.149-154 (2005).

6] AU gy, JEER, HIEZ, FIAR s
BiPt & B RE L7z 3 MR & o W & v 72 58 e T,
THERLE S S Fe R, UBI-11-3, pp.15-22 (2006).

(7] W AT, HOEE, BAORZ  mEEL oW
BATEF T = a VOMEBEEHIET 2 FEICET 5 —
WEt, BTHHRBEFEAE 2N 2 -~y 7 u— 7%k
2%, pp-13-16 (Oct. 2009).

8] W AT, BARZ mEEY RO TR S
=3y OMERMIET 5720 OREENEE, 1EHLE
A A0 MIF A Y A T AFFESS, Vol.2010-ITS-40,
No.2 (Mar. 2010).

9] LLRFHLA T, ABRIE M & v E 7RIk
R E TR OME!, BHILEEASE 70 M4 E KA, 1E-3,
pp-3.39-3.40 (2008).

[10] A2 ¥, WNHEA, RGEA D 2T 7Tk I L
B NRBEOFHI & ATEYE — FORG, AEHE R iT A
22004, FHAT 4 — T LFEFER LI, Vol.6, pp.207-210
(June 2004).

[11] BARIESE, EEEH, KRBREESL, EHRE | B TE
FEDZODOTy FLa=> s /GPS/RFID % it L7z
MAARBBN—V F VRS Y a2y TV AT L, BTG
HolE S AHAMIFE R, Vol.106, No.234, MVA2006-61,
pp.109-114 (2006).

[12] B AE 2 278 A Muffin % w723 > 727 A b
POV ToN%E, BRBE KT KA REHE T 7eR

[13] Kamisaka, D., Iwamoto, T., Muramatsu, S. and
Yokoyama, H.: Pedestrian Dead Reckoning Method Suit-
able for Built-in Motion Sensors on mobile phones, Ubig-
uitous Computing System 2009 International Sympo-

© 2012 Information Processing Society of Japan

sium, UCS, Beijing, China, pp.23-30 (Aug. 2009).

(14] /AREEAY, AANEERE, VEIL R OB L TR R H Vs
- PREPRREHEE 0, LB S AR RS, Vol.so,
No.1, pp.193-208 (2009).

[15] Kawaguchi, N., Ogawa, N., Iwasaki, Y., Kaji, K.,
Terada, T., Murao, K., Inoue, S., Kawahara, Y., Sumi,
Y. and Nishio, N.: HASC Challenge: Gathering Large
Scale Human Activity Corpus for the Real-World Activ-
ity Understandings, Proc. 2nd Augmented Human In-
ternational Conference (AH2011), No.27 (2011).

[16] Weka, available from (http://www.cs.waikato.ac.nz/ml/
weka/).

B ETF

1988 4FA:=. 2010 4ET-3E T 3ERFAIHIHR
RHFERIER A v b — 7 SRR, H
15, TRELRERFRFEIERR A
FHE HRE 7 B B A AT
ITS, #ATHORENZ T 205t
(e

(FAXH)

ER Bz

1992 4 B BB KPR AZ B T2
FeREHA LR B AR T, 1998
FRIRF PRI LR 7. [ X
) TEITERF LRGSR A Y N7 —
7 FRVEALREND. BUE, [FSEEHER
FEEWA v b — 7 EREE.
& (T2). SEEREGEY 27 4 (ITS), E/Nf )3y
Ya—7 4 Y 7EOFEIHESE. TEHILELE & w5 &
AT LWeaEA. FHEF TS LIEHoBEEA] (FERE)
. BTEHOEGEYS, ALAgEER, IEEE £#2H.

(E%R)

73



