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Abstract—The recent increase in number of household ap-
pliances has resulted in an increase in the number of required
remote controls. Multifunctional learning remote controls attempt
to reduce the number of controls, but their complexity may
confuse users. Recently, an alternative gesture-based control
system has also been proposed, but it requires users to perform
complicated gestures for turning on or selecting appliances. In this
paper, we propose an appliance control system, which leverages
the advantages of remote controls and gesture recognition. In our
system, a user can select the target device just by pointing to the
appliance using a remote control. After selecting the device, the
user can control the appliance with buttons displayed on a touch
panel attached to the remote control. The system is based on
a high-accuracy indoor positioning system embedded in a smart
house. We evaluated the proposed system through an experiment,
and results show that the system can be used in daily life.

I. INTRODUCTION

With the recent developments in information technology,
electronics manufacturers have been releasing home appliances
with more and more features, which increase the complexity
of controlling them. This, in turn, forces users to learn the
various ways of operation of each of their appliances. In the
future, as the appliances become more connected to network,
complexity of operation will increase and this problem will
be more serious. To address this problem, learning remote
controls have been released, which allow users to universally
control their appliances. Learning remote controls receive and
memorize infrared signals sent from different remote controls,
and enables users to control various home appliances using one
device. However, learning remote controls have many buttons,
which can confuse users, especially first-time users and the
elderly. Recently, intuitive appliance controls have been studied
to reduce inconvenience, burden, and stress caused by having
multiple complex remote controls [1]. However, conventional
methods have problems and limitations such as requiring AR-
markers to be attached to appliances [2], [3], or requiring
gestures that are difficult to perform quickly [4]. Therefore,
intuitive appliance control interface design is still a field that
is open for research.

Nara Institute of Science and Technology (NAIST) has a
smart house environment that serves as a test bed for research
and experiments related to daily living activities. In the smart
house environment, a highly accurate three dimensional indoor
positioning system is installed, upon which our proposed
system is based. As such, our system assumes that similar
smart house systems will be widely-used in the future.

In this paper, we propose a system for selecting and con-

trolling appliances intuitively. We developed a remote control
device with three-dimensional positioning sensors that estimate
the target device from sensor information and registered ap-
pliance positions. In our system, the user selects an appliance
by pointing to it with the remote control. After selecting the
appliance, the user can the issue controls to it through the
appliance-specific menu items displayed on the touch panel of
the remote control.

The objective of the proposed system is to make appliance
control easy for beginners and the elderly, to have an intuitive
control scheme that lessens the stress and burden on users,
and to control home appliances collectively with an interface
similar to those of conventional remote controls.

To evaluate the developed system, we conducted an exper-
iment with 9 participants. In the experiment, we measured the
time to control appliances using conventional remote controls
and our system. After the experiment, we asked the participants
to answer a questionnaire about our system. The experiment
showed that the mean time required to control appliances with
our system is 12.5 seconds, while using conventional remote
controls takes 9.7 seconds on average. The time difference
between the two methods is not too significant, and both
are fast enough to control appliances during daily living
activities. Based on the answers to the questionnaire, most of
the participants appreciated our system’s appliance selecting
procedure and easy operation. We also found some points for
improvement that will be discussed in a later section.

II. RELATED WORK

Recently, novel appliance control schemes have been pro-
posed to address the problems of conventional remote controls.
In this section, we classify existing research into three cate-
gories and discuss each.

A. AR-based System

Studies have been done on using Augmented Reality (AR)
technology to control home appliances intuitively and collec-
tively [2], [3]. In such AR-based systems, users select the target
appliance by pointing a camera to an AR-marker attached
to the target. After selecting the appliance, the user controls
the appliance with the information displayed according to the
selected appliance.

The advantage of such systems is that the appliance select-
ing procedure is intuitive because a user can select a device
just by targeting an AR-marker with a camera. Another useful
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Fig. 1: Floor-plan of the smarthouse environment

feature of AR-based systems is that they can display addi-
tional parameters about the appliances (e.g. sound volume and
temperature setting) with AR technology. However, there are
problems such as decreasing recognition accuracy depending
on illumination and distance. Also, such systems require AR-
markers to be attached to every appliance in advance.

B. Gesture-based System

Appliance control methods based on gesture recognition
have also been the subject of recent studies [4], [5]. There are
various methods of recognizing gestures such as processing
images from video cameras [4] or estimating acceleration
sensor values from special devices [5].

The advantage of gesture-based systems is that beginners
and the elderly can control devices easily with body or hand
gestures, and these systems do not require smart phones
nor remote controls because they use cameras or wearable
devices. However, these systems require users to remember the
gesture motions for individual appliances. Furthermore, they
use gesture motion to select the target device, which may be
burdensome or stressful for users.

C. Audio-based System

The use of audio-based appliance control systems have
also been studied [6]. These systems recognize user voice
commands, which are used to control appliances.

The advantages of such systems are that users can control
appliances from anywhere in their homes and that they do
not have to use additional devices. In audio-based systems
however, users have to memorize voice commands to control
appliances. Moreover, it is difficult to improve speech recog-
nition accuracy.

D. Position of This Research

The previous subsection presented the advantages and
disadvantages of different appliance control systems. With
AR-based systems, the appliance selection method is natural
because it is similar to that of conventional remote control
methods. In addition, AR-based systems can display control
menus that are specific to the selected appliance. With these
advantages, AR-based systems are a well-suited interface for
collectively controlling home appliances. In some cases how-
ever, the system’s camera cannot recognize correctly (e.g. in
long distances, in dimly-lit environments).

TABLE I: Data format of the position sensor

name data type detail
tag id integer ID of sensor tag

time stamp timestamp Receiving time of the data
pos x integer x coordinate (mm)
pos y integer y coordinate (mm)
pos z integer z coordinate (mm)

Fig. 2: The Receiver (top) and the Sensor Tag (bottom)

To solve this problem, we used an indoor positioning
system to estimate the desired target appliance. Our system
detects the appliance to which the user is pointing through a
developed remote control device that has an indoor positioning
sensor. Our system aims to be easy-to-use for anyone including
beginners or the elderly.

III. TARGET ENVIRONMENT

In this section, we describe the smart house environment
and the indoor positioning system.

A. Smart House Environment

The proposed system was developed in the 1LDK smart
house environment of NAIST. The smart house environment is
shown in Fig.1. The smart house environment is equipped with
various sensors for monitoring the activities of inhabitants. For
this study, we use the embedded three-dimensional positioning
sensors. All appliances in the smart house can be controlled by
infrared signals, and are centrally managed by iRemocon [7],
which is a learning remote control that sends infrared signals
through a network.

B. Smart House Indoor Positioning System

The positioning system embedded in the smart house is
composed of ultrasonic transmitters, which are called sensor
tags, and ultrasonic receivers. The system is based on the
TDOA (Time Difference of Arrival) method [8]. The position
of the sensor tag is estimated as follows: (1) the sensor tag
simultaneously transmits radio and ultrasonic waves, (2) the
receivers embedded on the ceiling send the arrival times of
the radio and ultrasonic waves to the base station, and (3) the
base station calculates the coordinates of the sensor tag from
the time difference between the radio and ultrasonic waves
received by the receivers. Table I shows the data format of the
positioning sensor.

Table II shows the absolute value of the difference between
the measured and sensor values of the three dimensional




