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Abstract

We describe a system for controlling mobile phones via accelerative hand gestures, where phones’
internal accelerometers are used as sensory input. The system, running on Series 60 smart phones,
consists of a continuous and trainable Hidden Markov Model (HMM) recognizer component, plus a
controller component for mapping recognized gestures into phone commands. In contrast to
previously proposed systems, our system also supports automatic spotting of gestures, thus freeing
the users from pressing buttons to trigger gesturing.

1. Introduction

For the past decade inertial sensors, such as gyroscopes and accelerometers, have been employed to
study novel user interaction modalities for mobile interaction. In these modalities, the users interact
with devices not by traditional pressing of buttons, but by rotating and moving the device,
effectively turning the device into a physical interface. Such modalities can add new degrees of
freedom to interaction, and also make interaction calmer by reducing cognitive load.

The orientation, or tilt, of the mobile device has been utilized to implement simple pointing actions,
such as navigating through selections [1, 3, 9]. Linear hand movements, or gestures, have been used
to implement discrete command interfaces [1, 2, 3, 4, 5, 7]. A popular framework for gesture
recognition is the Hidden Markov Model (HMM) [4, 5, 6, 7, 8, 10], although other algorithms have
been suggested as well, for example conditional Gaussian models and support vector machines [2].

In most previous work on accelerometer-based gesturing, e.g., [2, 7], gesture recognition is initiated
by pressing a button. Cho et al. [2] suggested automated segmentation, or spotting, of gestures as
their future work to allow the users to enter sequential gestures without having to press a button
each time. As Bartlett [1] points out, button-based initiation has the obvious problem that users
have to synchronize the gesture and the button press, which may be inconvenient.
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In our previous work [4] we proposed a two-pass algorithm where gestures are automatically
spotted in the first phase based on the magnitudal features of the acceleration signal and classified
in the second phase. Unfortunately, the false positive rate of the resulting system is too high to be
used in a mobile device. In position and vision based recognition the HMM has been enhanced with
garbage states to support simultaneous spotting and classification of gestures [5, 6, 10]. In our
proposed system, we use a similar garbage-enhanced HMM. The implications of automatic spotting
for user interaction are explored in our controller component that maps gestures into mobile phone
commands.

2. System Overview

In the first stage, training data is produced by recording exemplar gestures, for example ten
repetitions of each gesture. When performing an exemplar gesture, the user holds down the
navigation button of the phone during the whole gesture. This simplifies the following estimation
stage, although it has the problem that holding the button constrains the orientation of the hand [1],
and in the subsequent button-free recognition stage the hand orientation is less constrained. We use
a tilt compensation algorithm, similar to our previous work [4], to alleviate this problem.

In the second stage, the HMM parameters are estimated from the training data. An individual HMM
is constructed for each gesture, similar to previous work [4, 7, 8], and these individual HMMs are
then combined into a single, sparse garbage HMM.

These stages are performed on a PC, where the input sensor data is sent from the mobile phone over
Bluetooth/WiFi connection. Using a PC allowed us to explore parameter estimation algorithms
more freely. As future work, these stages could be implemented on a mobile phone.

In the third stage, the HMM parameters are transferred to a mobile phone. A gesture recognizer
running on the phone will then use these parameters to recognize gestures from continuous
acceleration data produced by the phone’s inbuilt sensor. A gesture controller then maps the
recognized gestures into various phone commands.

An architectural overview is provided in Figure 1 — arrows denote the direction of data flow.
Software components are denoted as ellipses, hardware components as rectangles and file storage as
cylinders.
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Figure 1. Architectural overview of the system.

3. System Implementation
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In this section, the implementation of the recognition system and the controller component are
explored further.

3.1. Recognition System

The gesture recognition system, including the recorder, estimator and recognizer components, is
written fully in Java 1.5. We use the highly portable Javolution real time class library for collections
and serialization, and the JSR14 target mode of the javac compiler to compile Java 1.5 source into
Java 1.4 byte code. As a result, the system runs seamlessly on both J2SE and J2ME.

There exists a specification for Mobile Sensor API (JSR256) to access the sensor data from J2ME,
but current Series 60 phones don’t yet implement this API. Therefore, we use a custom Symbian
C++ component to read the sensor data. The component currently supports Nokia 5500 Sport and
Nokia N95 phones, which have internal accelerometers.

The set of recognized gestures can be changed on the fly. This is implemented by temporarily
modifying the HMM transition probabilities. The motivation is that a lower number of
simultaneously recognized gestures lowers both spotting and classification error rates.

3.2. Controller

In order to be able to access low-level features of the Symbian OS, the controller was written in
Symbian C++. The controller has been tested with both Nokia 5500 Sport and Nokia N95 phones.

The controller uses four different types of gestures. Six command gestures are used to initiate phone
commands, currently reading the inbox, composing a message, changing the profile, speed dial,
current day’s calendar and setting the alarm. Nine number gestures are used for selecting the speed
dial number. Two confirmation gestures (‘“yes” and “no”) are used in some queries. Finally, a single
backlight gesture can be used to turn on the phone backlight. Below is an example of how the
gestures can look like (the large dots denote the start position of the gesture).
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Figure 2. Examples of gestures.

Internally, the controller is implemented as a Finite State Machine (FSM). We have experimented
with two FSMs seen Figure 3 — ellipses denote FSM states, and rectangles denote concrete actions.
The left FSM represents an entirely button-free controller, where the controller accepts gestures
only in the phone’s active state where backlight is turned on. The right FSM represents a controller
where gesturing is first initiated with button — one button for speed dial and another for the rest of
command gestures.
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Figure 3. Finite State Machines governing the controller.
4. Conclusion and Perspectives

We have presented a novel controller for Series 60 phones based on continuous gesturing. User
studies for both the recognizer and the controller components are underway. Many technical and
algorithmic details were omitted due to page limit — these will be elaborated in forthcoming papers.
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