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Abstract: Pedestrian step recognition is used as a component of pedestrian dead-reckoning, which is a
method of indoor positioning, and also plays a central role in healthcare applications such as pedometers and
activity meters. For step recognition, it is common to use an accelerometer that shows a noticeable periodic
change in sensor signal during walking. As an alternative, we have proposed a method for step recognition
by detecting waist rotation with an gyroscope or magnetic sensor. In this paper, we propose a method for
step recognition using a barometer. When we consciously swing our arms while holding a smartphone, when
we wear a smartphone in a closed waist-wrapping case, or when we wear it in a pants pocket, the value of the
barometer changes periodically with walking. Step recognition is performed by capturing periodic change
with a simple algorithm such as digital filter, finding local maximum/minimum, and thresholding. Through
evaluation experiments, it was confirmed that step estimation with an estimation error of about 7.5 Sensing
with such alternative sensors leads to power saving, device miniaturization, and computer resource release by
reducing the number of sensors required when configuring devices and systems. In general, since an activity
meter can be calculated from information such as the number of steps and stair climbing, a conventional ac-
tivity meter acquires steps from an accelerometer and stair climbing from an barometer. On the other hand,
if we introduce the results of this research, it is possible to realize an activity meter using only barometer.
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Fig. 1 Application examples of each step recognition method.
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Fig. 2 Walking without awareness of arm swing.
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awareness of arm swing.
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sealed bag.
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Fig. 8 A scene of the smartphone in an sealed case and worn
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Fig. 12 A scene of a smartphone in a pocket.

1002
1000

&

= A

K 996

7 NIV
994 Y ad AN |

EKR(CRT v T &7 1285/
992
6 7 8
BFfE[s]
13 E7 v MIAT— b7+ %2 THRIT L 2B O EE O

SHZAL

Fig. 13 Time-series changes in barometer while walking with

a smartphone in a pocket.
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Fig. 14 Time series of barometor during stair descent.
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Fig. 16 A low-pass filter with a cutoff frequency of 1 Hz is ap-

plied to the noise reduction data to extract the height

change component.
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Fig. 20 Step recognition from pressure time series changes

when walking with a smartphone in hand.
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Fig. 22 Step recognition from pressure time series changes

when walking with a smartphone in a case.
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Fig. 23 Air pressure data of walking on stairs using Nexus4.

990.2
o 989.7
[a
=
H 989.2
I

988.7

988.2

0 10 30 40

20
B[ s]

24 Pixel3 ZH\WTt v v 7 LIBESETHEORET—%

Fig. 24 Air pressure data of walking on stairs using Pixel3.
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Table 1 Comparison of the amount of experimental data.
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Fig. 25 Step recognition accuracy by sensor type.
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Fig. 26 Step recognition accuracy for route.
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Fig. 27 Step recognition accuracy for ascent and descent.
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Fig. 28 Step recognition accuracy for holding position.
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Fig. 29 Step recognition accuracy per subject.
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Fig. 30 Individual differences in step recognition (Left: high

recognition accuracy, Right: low recognition accuracy)
(Yellow label: recognition success, Red label: recogni-

tion failure).
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