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[Abstract]

Information obtained through various sensors embedded in a smartphone can be used to identify and
analyze user’s movements and situations. In this paper, we propose two rule-based motion detection
systems that can detect three alphabet motions, ‘I’, ‘S’, and ‘Z’ by analyzing data obtained by the
acceleration and gyroscope sensors in a smartphone. First of all, the characteristics of acceleration and
angular velocity for each motion are analyzed. Based on the analysis, two rule-based systems are
proposed and implemented as an android application and it is used to verify the detection performance
for each motion. Two rule-based systems show high recognition rate over 90% for each motion and the

rule-based system using ensemble shows better performance than another one.

» Key words: Smartphone Sensors, Acceleration Sensors, Gyroscope Sensors,
Motion Recognition, Rule-Based System
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I. Introduction
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II. Related works
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IlI. Methods and Materials

1. Motion Specification
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(b) acceleration data from x—axis of ‘O’ and ‘S’

Fig. 1. Similarity of sensor values from ‘O’, ‘Z’, ‘S’
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2. Analysis of Data Obtained from Sensors

2.1 Data Acquisition
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Fig. 6. Acceleration difference comparing

Table 2. Sensor value for three motions

Motion | Value Acc.elerometer Gyroscope :
X axis z axis X axis z axis

Max. 0.69 11.10 14.54 11.89

I Min. -0.80 0.12 -19.03 -11.12
Avg. -0.03 8.30 -0.41 0.50

Max. 4.75 12.55 39.93 83.98

S Min. -4.28 0.72 -40.32 | -100.50
Avg. 0.30 8.87 0.71 0.93

Max. 497 12.14 29.57 98.24

Z Min. -4.87 3.97 -37.31 -94.01
Avg. 0.14 9.71 0.68 -1.16
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IV. Proposed Rule-based Systems

1. Rule-based System Using Accelerometer
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Fig. 8. X-axis of linear velocity of motion ‘S’ and ‘Z’
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Fig. 9. Flowchart of a rule based system using
accelerometer
(Amaxx = maximum acceleration of x—axis, Aminx =
minimum acceleration of x—axis, Ax = acceleration of
x—axis, Trig() = trigger checking function)
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Fig. 12. Flowchart of system using gyroscope
(Vmax>z = maximum angular velocity of z—axis, Vmn, =
minimum angular velocity of z—axis, V, = angular
velocity of z—axis, Trig() = trigger checking function)
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Fig. 13. Implemented Rule—based System Application
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Table 3. System performance using accelerometer

. . Correct . Detection
Subjects Motions Detection Invalid Rate [%]
Rul I 20 0 100

Desiu (re\er > 18 2 70

. z 19 1 100

I 54 6 90.0

Others S 59 1 98.3

z 57 3 95.0
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Table 4. System performance using ensemble

Subjects Motions DCe(thzicotn Trvelle DRZttZCt[I;,?
Rule ! 20 0 100
Designer S 19 1 95
Z 20 0 100
I 60 0 100
Others S 58 2 97
z 58 2 96.7

VI. Conclusions
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