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An Estimation Method of 3D Pedestrian Trajectory Based on Stability

of Sensing Signal
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Abstract: A highly accurate estimation method of 3-D pedestrian trajectories from walking activity sensing
data is proposed. This method uses data from an accelerometer, a gyrometer, and an air pressure sensor, and
does not require detailed information on the building structure. In activity sensing using wearable sensors,
higher accuracy can be expected from detection of zones in which there is continuously little change in the
states of the sensor signals than from detection of zones in which there are large changes in the sensor signals
within a short time. We focus on such stability of sensing signal and, as an application example, we used
the concept to estimate walking direction on the basis of stable walking zone detection using a gyrometer
and estimation of movement between the floors of a building by detection of stable floor zones with an air
pressure sensor. We then integrated these estimations to obtain a 3-D pedestrian trajectory. The results of
evaluation experiments using an indoor pedestrian sensing corpus (HASC-IPSC) showed that this method
achieved higher accuracy for both walking direction and movement between floors than was achieved by a
method based on large changes in the sensor signals. We also confirmed that the cumulative error rate for
estimation of the 3-D pedestrian trajectory was 1m per 10 seconds of movement.

Keywords: pedestrian dead-reckoning, stable walking zone, stable floor zone, accelerometer, gyrometer, air
pressure sensor
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Fig. 1 Indoor pedestrian network structure.
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Fig. 4 Turn estimation based on angular velocity integration

between zero crossing points.
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Fig. 5 Example of failure in left-right turn estimation.

BEETHL., Lt IR L X=y 210k 5
S K OBE O R 1 2 BEEOHE AR 2
LI THL. FETEREL Y FoBH Iz A~— b
T x v DERIHEATE TN,

FTTIIWL OLDFFICHED 70 7 ERBEIRIE TS
RESNTWDEDS, EBBICBIFAEIEICHT 2082 b
PECRIF 2 EF 2 5 b. KHSOFE [14] TiX, SUEZE
fLEAEED Lick s 72 e 7u T MBE 2 b4 5.
L LEAD L) B OVEE TOREABEOLE, STEE
fLEDBME 82707 BT %S5 T D
5. JEBRLOTF[15] T, SIEX Y ENEE L I
L AfTEEEA B Ly u T BB A HET A, L L
BEETA L ¥ I 2B L CITEIERRICIM L2548,
70T MBI E R R A RS D S .

3. RESTEERHEICED GETAMMEE

SR OMEAT H I % EBT 5720, WESfTRE L
WO EEAT L. KESTXE &L, HLETREATE
ED DR VEITNERHD ELEL TRy ITE
TWARXMEIRT. RETRETLFEEIF 7714 VFE
THhh), BNBEIORITY L v 77— 2 LRI
BHTRETH A, ToARETIE, HE T 5T HINZ HH
WKEREIZREL, BEHAICDOWTITERE LW,

1 BRESTREOKRE

TESTXBOBRBICEAERE L OEX 5.
X 6 1%, fidlEL oI EICT—ISA T ANy T T/ A
REBFELEDDTHA., Rz e fd 23
LTWwBgE, BITICE b %o THESFEBINIZ 10 E2 5
20 EERREED 5 728, ZOFIPHNTHEMN 2 BIErHN L.
Lo ThHERRITZ LD o T0RINE, 5 —EH
LA IC AR O X HEAINE 5. 22T, HESITIX

3

© 2016 Information Processing Society of Japan

R g
[rad/s] |

o

RS TER fi%ﬁzﬁ’

WA, A/\/\M\H LIy A'WL
7 VAAYARUTAS ] T U vaisyle B (s]
/z;” |

EFR/TIRRERE

6 SRR IZ D g AT IX M

Fig. 6 Stable walking zone detection based on angular velocity.
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Fig. 7 Determining the end-points of stable walking zones.
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Fig. 10 Step detection by using accelerometer value while

walking.
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Fig. 11 Pedestrian network modification according to the

knowledge of curvature of main street.
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Fig. 12 Average error in estimated direction of movement at

end of pedestrian trajectory.
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Fig. 13 Proportion of cases in which the error in direction of

movement estimation at end of pedestrian trajectory

is 90 degrees or more.
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Fig. 14 Example of successful large correction of estimated

direction of motion.
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Table 2 Evaluation results for accuracy of estimating
movement between floors.
PERTE Jint S RES
(%] Walk | Up Walk | Up
Walk 98.7 0.8 0.5 98.7 0.7 0.6
Up 145 | 854 0.1 204 | 79.6 0.0
Down | 18.8 0.1 81.1 24.5 0.1 75.4
ALL 93.4 89.7
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Fig. 15 Relation of measurement time and 3-D location esti-

mation error (using all data).
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Fig. 16 Relation of measurement time and 3-D location esti-

mation error (using highly-reliable data only).
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Fig. 17 Examples of 3-D pedestrian trajectory estimation (Red: correct trajectory;

Blue: estimated trajectory).
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