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Abstract. A mechanism of recognizing the movement of a mobile device and executing a specific event is
proposed in this paper as a part of user-defined and motion-based user interface. As a user grabs a mobile
device and makes a certain motion with his arm, the motion recognition module detects the value changes of
the sensors such as accelerometerand recognizes the motion. The played motion is then compared with
motion patterns which have been previously registered by user. Motion recognition module used the DTW
algorithm and experiment result using the accelerometer sensor showed thatthe module worked well to
distinguish the similarity of motion patterns.
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1. Introduction

Motion Ul(User Interface)is becoming more popular recently. Motion Ul allows users of a mobile device
such as a smart phone to make a certain motion with the device in their hand, and then maps this motion to a
certain input or event occurrence in the device[1]. When the user grabs his device and makes a certain
motion with his arm, the values of sensors inside the device change. The device detects the change of the
sensor values and maps this motion to a specific[2][3], predefined inputor executes a specific event which
has been previously mapped with motion. An example of a motion Ul is that a user can zoom in or out a
camera screen by pulling a camera toward or pushing it away from the body. Another example is executing a
specific application by shaking smart phone.

Motion Ul mechanism is already offered by many mobile device manufacturers. However, users can
only use this mechanism prepared by the manufacturer. Hence, a new mechanism is suggested in this paper
in order to improve this limitationby providing a user a tool to add his own motion. The mechanism includes
a motion registration module, a motion recognition module and an event execution module. The motion
registration module allows users to register the patterns of motion in the mobile device for personal
preference along with the mapped events. The motion recognition module detects the changes in the sensor
value and recognizes the motion pattern. Finally, the event execution module executes the specific events
corresponding to the motion. To the authors’ knowledge, this mechanism has not been reported before.

This paper focuses on the motion recognition module and describes the detailed mechanism. Even
though a human moves his arm in the same pattern, the motion may vary with respect to the length oftime in
performing the motion. For instance, a motion may be played slowly or quickly. Therefore, motion
recognition module needs to recognize the same motion during different time span. An algorithm to compare
two data sets from two identical movement but different time-span patterns is required. Hence, this study
used the DTW(Dynamic Time Warping)algorithm for this purpose[4].

2. Background
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2.1.  Sensors built in Android-powered Devices

Android-powered mobile devices have many internal sensors in general.Gingerbread,version 2.3 of the
Android platform, has 11 sensors. Such sensors measure motion, orientation, and various environmental
conditions. Depending on the nature of sensors, all sensors except the light, pressure, temperature, and
proximity use a standard 3-axis coordinate system[5].

Some of these sensors are hardware-based and some are software-based. Hardware-based sensors derive
their data by directly measuring physical component. Software-based sensors derive their data from virtual
sensors that is a combination of one or more of the hardware-based sensors and software-based sensors. The
linear acceleration sensor and the gravity sensor are examples of the software-based sensors.

Applications and sensors are closely related. For example,a proximity sensor prevents malfunction due to
a touch of the face to the capacitive seen during a phone call application. Also, a light sensor automatically
controls the backlight of the device to provide a clearer screen.

2.2.  Android Sensor Subsystem

Android sensor subsystems provide data derived from the sensors to Android application. Sensor
subsystem operates in the following steps. When the Android system is booted, Sensor Service is initialized.
An application that uses a specific sensor creates Sensor Manager object and allocates that sensor. After that,
Sensor Service writes sensor built in the devices to queue and receives the data from queue in sequence.
Then Sensor Manager reads the data in sequence. Application that created the Sensor Manager registers the
listener to get the data and read the data using the on Sensor Changed method.

3. Recognition Module

Recognition module recognizes the user's motion through the sensors in the mobile device. After
recognizing the user's motion to be one of the registered motions, the event execution module runs the
internal events which are mapped with the registered motion. Some of the internal events are as follows:

- executing applications / terminating applications
- keypad and touchpad inputs, already defined by users
- modifying the configuration on the device or applications

For executingevents which matches with a motion, the event execution module should be in the kernel
for dispatching events and provide that users can define events.A way to apply the pattern matching
algorithm and implementation result is proposed in this paper.Recognitionmodule compares the user-defined
pattern with the played pattern for executingevent. Patterns are distinguished through the DTW algorithm
after pre-processingaccelerometer sensor data of mobile device. DTW algorithm is used for distinguishing
similarity between two dynamic patterns.

3.1. Pre-processing of Sensor Data

Fig. 1 shows the graph drawn with raw sensor data of the linearaccelerometersensor.Since the range of
values is wide, the sensed data must have pre-processing of two steps so that DTW works with the highest
accuracy and lower processing time.

Fig. 1: Data from the linearaccelerometer before pre-processing.
First, the values of sensor should have any number between 0 and 1through the min-max normalization.

Second, the range of data should be determinedsince the unchanged range doesnot need the DTW. If the
continuous gradient based on vertex at changing values on either side is over the threshold, a range between
either side is determined to apply the DTW.



The Fig. 2 shows the graph after pre-processing. The horizontal axis is number of generated data during
5 seconds.

Fig. 2: Data from the linearaccelerometer after pre-processing.

3.2. Applying the DTW
DTW is an algorithm for measuring similarity between two patterns which may vary in time or speed.
The Fig. 3 shows the matrix for calculating similarity between the two data after pre-processing through
the DTW. N and M are the lengths of the two data. The matrix has a size of NxM. Each matrix cells has
value that is the sum of Euclidean distance between the two sensed data and a smallest value of adjacent cells.
The value of final cell(NxM) is called total cost. If two sensed data are the same, the total cost is 0.

Fig. 3: DTW matrix.
3.3.  Experiment
Samsung's Galaxy Tab is used forthis experiment.The Android Gingerbread provides 11 sensors with
motion, environmental, position category.

In this experiment,android application takes two motion patterns for 5 secondsand distinguishesthe
similarity of the two patterns.Recognition module is applied to a x-axis value of accelerometer sensed data in
the experiment.

3.4. Results
3.4.1. Same Motions
Whencomparing the same motion with the same intensity(Experiment 1)and the same motion with
different intensity(Experiment 2), total cost about each of experiments is calculated.

Fig.4 and Fig.5showpre-processed sensed data of x-axis ofaccelerometer when a user shakes the device
three times with similar intensity.

Fig. 4: Shakingthree times-a. Fig. 5: Shaking three times-b.
Fig.6 reveals that Fig.4 and Fig.5 present similar waveforms. Although the two data waveforms are very
similar to each other, the total cost is calculated as 1.8642168,which is greater than 0, because of the
differences of amplitude and frequency.



Fig. 6:Matching between two sensed data.

Fig.7 and Fig.8 is a pre-processed x-axis data of accelerometer when the user drawscircles three times
with different intensity.

Fig. 7:Drawing circles-a. Fig. 8: Drawing circles-b.

Fig.7 and Fig.8 showthat the waveforms are similar to each other, but the large differences are amplitude
and frequency. In Fig.7,the data cannot be measured more accurately.Therefore,in comparison to the first
experiment,Fig.9 does not similarly match with two sensed data. The total cost of 2.84857 is an increase of 1
from total cost of the first experiment.

Fig. 9:Matching between two sensed data.

Despite difference of the data, when the same motion with the same intensities and different
intensitiesare compared, two patterns are recognized as the same due to the lowest total cost.

3.4.2. Different Motions

The same experiment has been performed for the two different motions with the same
intensity(Experiment 3).Fig.10 and Fig.11show the pre-processed x-axis of sensed data of the accelerometer
whena user draws circlesand shakes the device three times respectively. The total cost of Fig.10 and Fig. 11is
calculated as 6.5319366.

Fig. 10:Drawing the circle-c. Fig. 11:Shaking three times-c.

3.4.3. Experimental Results

Experiment 1 Experiment 2 Experiment 3
total cost 1.8642168 2.84857 6.5319366
Table.1:Total cost each of experiment.

The total costof experiment 3is significantly larger than those ofexperimentl and 2.Considering the
range of normalizeddata(0 to 1), the total cost derived from the original data will be much higher.

4. Conclusion

This paper proposed a motion recognition module using the DTW algorithm as a part of user-defined and
motion-based user interface mechanism for mobile devices. The similarity of patterns wasdistinguished by
thetotal cost that is an indicator of the similarity of two patterns.The result of the experimentproves thatthe
pattern recognition module with DTW algorithm works well in distinguishing the similarity of two motion
patterns.

The time complexity of DTW algorithm used in the motion recognition module is O(mn)[6].The time
overheadneeds to be improved by adopting an effective method for the mobile environment which has
relatively inferior computational capability[7].In order to improve the time complexity, matrix D will be
added to the global path constraintsthat reduces the seek time with the matrix[8].
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