00o0oooooog Vol 52 No. 2 558-570 (Feb. 2011)

558

Joooobobouooooon
ogoobbodoooobogoogd

O o o ot o o o oft
0O o o o o o o oft

ooooooooooooooooooooOOOOOOOOOOoboooooooo
ooooooooGgpSOO0O0O0O0OO0OOOOOOOOOODOOOOOOODOOOO
gddooooooooo 1booooboo0oooooooooooooooooogoo
gooooooooooOoOoobooOooOoooooooooooooooOOObbOOOo
gooooooooObooo0o0oooooooooOoOobobo0oOoooooooooDOobobD
goooooooooooboOoOo0o0o0o0ooOoooooooooooOoboboboOoOg
gooooooooooOoboboOo0oOooOoooooooooobooboooOoOobObboOoOoo
goooooooooooOoOobOOoOo0oOoOoooooooooooOOObObbOno
ooo0oO0booOo0oO0oOoO0O0O0oOO00O0O0O000C0O0000O0O000O0000O0
gooooooooooOoOoO0OOO0OO0oO0OoooooooooooooOobobOboOoOg
goooboooooooooooobboOoOooOoOoOoOoOoOoboOoOooOoboOoOoDOoOoOoo
goooooooooooooooooobboooo

Dead Reckoning Method by Hand
for Pedestrian Navigation System

DAISUKE KaMISAKA, ! SHIGEKT MURAMATSU, !
TAKESHI IwaMOTO!? and HIROYUKI YOKOYAMAT!

The pedestrian navigation system is required to locate the position of users
within GPS-denied indoor environments such as commercial complexes or sta-
tions. Pedestrian dead reckoning is promising solution, which can independently
determine the relative position of the user by estimating number of steps, step
length, and heading direction using motion sensors such as accelerometer and
magnetometer. In this paper we propose a new pedestrian dead reckoning
method using widely-spreading mobile phones with self-contained sensors. Most
existing methods are not suitable for those mobile phones because they force
the user to fix sensors in a specific position of the body. The new pedestrian

dead reckoning method we propose can locate the position of the user even if
the mobile phone is swung by user’s arm while walking. Detailed algorithm
and evaluation results are presented in this paper.

1. 0o0o0oano

0000000000000000000000000000000PNS; Pedestrian
Navigation SystemO O 00O O OFlickr Y O foursquare? 000000000000 O0O
000000000 ZOOM® 0000000000000 D0O000O00OO0O000000O
000000000000000000 GPSOODO0000000000000GPSO0O
0000000000000000000000000000000000000000
000000000000 000000

000000000000000000000 PNSOODOOOOOOOOOOO000OO
00000000000000000000000000000000000 PNSOOO
0000000000000 00000DO00

0000000000000 00D0000000D0000000000000000000
0000000000 LANOODOOOOODODOOOD0oooY ' ooonoooo
00000000000 ™?000000000000000000000000000
00000000000 D00000D0000000000PNSODOOODOOOOOOOOO
000000000000 000000000000D000D0O000D0O0ODead Reckoning;
DROOOOODOOOO®™ 0000000000000 000000000000000
0000000000000000000000000000000000000000
0000000000000 0000000000000000iPhone?”0G-12® 000
0000000000000000000000000000000000000000
000000000 DROODOOOOOOOOOOOOOOONOOOD DROODOOOO
00000000000000000000000000000000000000000
oooooooooog

f1 0000 KDDIOoOO

KDDI R&D Laboratories Inc.
t2 000000

Toyama Prefectural University

(© 2011 Information Processing Society of Japan



569 O0OO0O0OO0OO0OO0O00O0O0OOOOOOO0OO00O0O0OOOOOO0O000

GPSOOO0 PNSOOOOOOODOOODOOOOOOOOOODOODOOOOOOO
00000000000000000000000000000000000000000
0000000000000 000000000000000000 PNSOODOOOO
000000000000 00000000000000 DROOCOOOOOOOOOO0O0
000000000000000000000000 DROOOOOOOOOOOO 2?29
00000000000 D0000000D0000000000000000000000 2
0000000000000000000000 DROOOOOOO1600000000
0000 100km 000000000000000O0D0000O0O0O0

2. 00000

00000000000000000000 2000000
000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
000000000000 0000000000000 em000 mODOOO0OWIFiDOO
0000000000000 0000000000000000000000000000
0000000000000 0D0D0D0000000000D00000000000000
0000000000000 0000000000000000000000000000
00000000000 000000D00D00000000000000000RFID O
BluetoothD UWBO OO ODOOOOODODO0OODOODO®Y00000000oonon
00000000 D00000Do0o
00000000000000000000000000000000000000000
000000000000000000000000000000000DROOOOOOOO
000000000000000000000000000000000000000000
O0DROODOCOOOOODODOOOOOOOOOODODOODOOOOOOOOOOog
0000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000 DROOOOOOOOOOY™ 0000000000 000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000Y¥ 000000
OO00O0O0O000000000000000000Beauregard 0 0GPS O IMUO Inertial

00o0oooooog Vol 52 No. 2 558-570 (Feb. 2011)

Measurement UnitO 0000 0000000000 DROOCOOOODOOOY™OODO
0000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
000000000 DROOOOOYW9Q

0000000 DROOCODOOOOOOOOODOODOODOOODOODOODOOO
00000000000000000000000000000000000000000
000000000000000000000000000000 Nike+iPod Sport Kit 2%
O0000000000000000000000 ETGADOOOOOOOO® 0o0m
00000000000000000000O000%Y0
00000000000000000 DROODOODOOOOOOODOOODORandell
O00GPSOOO0O00OD0OODO0ONONDONODONDONDONONDNONDONONDONO DROOODOO
000000D000000000000000Y0Schiele 000000000000 IMU
0000 DRODODOOOOOO Y0000 00000000000000000
0000000000 000000000000000000000000000000
0000000000000 DROOOODOOO

3. ooaood

goboooooooobooooooobbooobooooo

e J00UOOO PNSOOODODODOOOOODODODODODOODOO

e 0000 OOODOOODODRODOMM

o JO00OO0OOOODOOOODOOOOOOODOOODOOOOOODODOO

e JO00ODOOOODOOOODLOOOOOOOOODLOOOOOOODO
O000oo0o0oo0o0oo0Oocuibooooooooooooooooooooooo
000000000000 00*0000000000000000000000000
gooobooooooooboooooobooboooooobooboooooobooboOoooobooboa
O0000oo0o00ooOo0o0ooooooooGPSOO0OOO0UOOOOOOOOOOO
gooooboooouooobooooooobooOoboooboooooobooOoboOoooboOOobOOboOoOn
goboooobooooboooobooooobobooobomooooobooooooooooo
goboooooomooooboooooooooOoobooOoobooOooobooOooOoooOo
oooooooooooooooooobooobooooooboobooooobooo 200000
1000000000000 00000O000DOOO0DOOOOOOOO0O0ODOO0ODOO

(© 2011 Information Processing Society of Japan



560 OD0O0OO0OO0OO0OO0OO000O0O0OOOCOOOO0O0000O0OOO0OO0O00000

%&@@QZ&%%%

FiRY B # Ry bERY)  Ryy L@@ Av9ab5y7
(Swing) (Hold) (Bag) (Waist) (Pocket (pants)) (Pocket (beast))  (Neck strap)
42.5 % 45.0 % 5.0 % 0.0 % 25% 25% 25%

01 000000000000000000000O0

Fig.1 Variation in ways of carrying mobile phone when walking while using PNS.
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Fig.3 Distribution of the angular difference of magnetic vectors.
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Fig.5 Acceleration plane and base plane.
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Fig. 7 Arm swing motion, acceleration plane and acceleration amplitude.
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Table 2 Detail of the evaluation result (Hold).

FiEE T ik e HeE ?&71: Eﬂf Tﬁﬁ: AT 4 E ‘I’iﬁﬂiﬁ@i’r TN
BB | HEE R R WATHRRE | ARiR HRiE AR KE | Gl
(%) (m) (m) (m) (%) (%) (%)

M1 100.0 | 2127.0 | 1522.8 0.72 | 0.81 88.6 99.2 20.0
M2 99.9 | 2447.0 | 1619.9 0.66 | 0.72 92.5 96.9 24.6
M3 100.0 | 2079.0 | 1460.4 0.70 | 0.78 90.4 99.3 29.2
M4 99.9 | 1898.5 | 1278.9 0.67 | 0.84 80.2 96.5 47.2
M5 91.0 | 1782.0 | 1362.4 0.76 | 0.92 82.8 88.4 30.0
M6 99.9 | 2274.5 | 1514.5 0.67 | 0.66 | 100.8 97.8 28.2
M7 100.0 | 2229.3 | 1615.4 0.72 | 0.68 | 106.5 97.3 21.5
M8 100.0 | 2038.5 | 1175.5 0.58 | 0.79 73.1 99.9 18.6

W1 71.1 | 2148.0 | 1478.4 0.69 | 0.72 96.3 44.2 37.0
w2 99.7 | 2528.5 | 1634.6 0.65 | 0.68 95.7 68.7 32.0
W3 99.8 | 2161.0 | 1521.9 0.70 | 0.80 87.9 99.8 21.1
W4 100.0 | 2222.5 | 1391.3 0.63 | 0.74 84.2 99.5 22.8
W5 99.8 | 2254.0 | 1614.1 0.72 | 0.68 105.3 84.7 23.4
W6 94.4 | 2179.0 | 1621.1 0.74 | 0.76 97.6 99.8 27.7
w17 94.1 | 2272.0 | 1494.6 0.66 | 0.70 94.7 79.3 30.5
W8 99.1 | 2211.5 | 1538.5 0.70 | 0.76 91.2 98.7 21.8

Avg. 96.8 | 2178.3 | 1490.3 0.69 | 0.75 91.7 90.6 27.2
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Table 3 Detail of the evaluation result (Swing).

EEREZRS HeE HeE EfR HeE | AITREIE | TR | THAE

wowt | | O i | g | osw | g | w |ordee | st

) W | w | w | e | e | e | @
MI | 63.9 | 21265 | 1668.1 | 0.78 | 0.8 | 97.1 | 85.7 | 555 | 53.3
M2 99.9 2338.5 1720.4 0.74 | 0.72 102.8 54.9 89.4 53.8
M3 | 96.0 | 2085.3 | 1607.7 | 0.79 | 0.78 | 101.7 | 100.0 | 242 | 18.3
M4 | 100.0 | 2027.0 | 15753 | 0.78 | 0.84 | 925 | 85.1 | 541 | 4Ll
M5 99.6 1751.0 1437.3 0.82 0.92 88.9 98.0 23.0 21.9
M6 | 99.3 | 2286.0 | 1726.3 | 0.76 | 0.66 | 114.2 | 99.4 | 19.4 | 13.7
M7 | 96.6 | 2216.0 | 1735.2 | 0.78 | 0.68 | 115.2 | 995 | 22.8 | 27.7
M8 | 100.0 | 2194.7 | 1690.9 | 0.77 | 0.79 | 97.6 | 92.4 | 873 | 37.0
W1 99.4 2224.5 1493.9 0.67 0.72 93.9 95.5 25.7 29.7
W2 | 90.3 | 2587.7 | 1780.0 | 0.70 | 0.68 | 103.9 | 74.6 | 45.7 | 43.3

W3 100.0 | 2151.0 | 1602.6 0.75 | 0.80 93.0 20.9 134.5 71.3
W4 100.0 | 2088.5 | 1507.1 0.72 | 0.74 97.0 99.9 28.9 30.3

W5 97.9 | 2235.5 | 1731.3 0.77 | 0.68 | 113.9 93.6 24.4 14.9
W6 99.8 | 2234.0 | 1680.1 0.75 | 0.76 98.7 98.8 27.9 21.3
w7 98.5 | 2377.8 | 1658.8 | 0.70 | 0.70 | 100.4 95.1 22.9 25.4
W8 98.8 | 2078.3 | 1543.7 | 0.74 | 0.76 97.4 96.4 24.4 26.0

Avg. 96.2 | 2181.4 | 1634.9 | 0.75 | 0.75 | 100.5 86.8 41.2 33.0
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Fig. 14 Gravity estimation error and its impact on estimated trajectory (left: simulation, right:
subject M7).
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