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Abstract— The Internet of Things (10Ts) can be described as connecting everyday objects like smart-phones, Internet TVs,
sensors and actuators to the Internet where the devices are intelligently linked together enabling new forms of
communication between things and people, and between things themselves. With numerous connected devices and
appliances, the smart home is one of the representative fields of Internet of Things (IoT). As the complexity of
devices/appliances increase, numerous buttons (sometimes dozens) are designed on the remote controller. A user may be
confused with the controller even if he or she only intends to perform a simple operation. This confusion also leads to a
higher probability of mal operations. To address these problems, an intelligent universal remote control system for home
appliances named Point-n-Press is proposed. Point-n-Press addresses the directionality feature, which enables easy and
intuitive control by pointing to the target device to display the target's control interface on the screen of the remote
controller. This work presents an intelligent universal remote control system for home appliances. A smart phone
equipped with infrared (IR) capabilities is easier to realize functions of the Point-n-Press remote controller (PPRC). For
implementation of the Point-n-Press control box (PPCB), the design of the small and narrow hole is a trick for the IR
mechanism. According to the design of this mechanism, only one device can be simultaneously pointed and controlled by
the proposed control system. Therefore, the proposed control system always displays one control user interface of a single
device.

Index Terms— Intuitive control, 10T, less bandwidth consumption, smart home, user-friendly Ul

l. INTRODUCTION (HEADING 1)

INTERNET of Things (loT) [1] is a technology that connects all things and the Internet in smart spaces. By
implementations of intelligence with sensing devices, IoT has been widely applied to different fields, such as smart homes[2],[3].
The application fields in smart homes [4] incorporate smartness into home areas for comfort, safety, security, healthcare, and
energy conservation [5], [6]. The need for comfort and a convenient life are especially important in smart homes. Thus, home
automation is one of the most essential and critical components for the loT-based smart home technology. Home automation
systems are used to control home devices or appliances in smart homes and provide automatic remote control inside or outside
homes [7]. Nevertheless, although remote control provides convenience and ease of use, some major problems require
consideration and improvement, such as how to provide an intuitive and user-friendly remote control scheme in loT-based smart
homes [8].10Ts technology can also be applied to create a new concept and wide development space for smart homes to provide
intelligence, comfort and to improve the quality of life.

The goal of this paper is to develop an intelligent universal remote control system for home appliances called Point-n-
Press. Point-n-Press automatically detects the device (or appliance) when a user points the controller at it. Also, a user interface
(UI) for controlling this device is immediately displayed on the screen of the controller. Only the functional buttons that are
relevant to the current control context appear on the Ul. The Ul provides intuitive operations and user-friendly interfaces, which
enable users to simply enable and control the target device among the increasingly complex functionalities of home devices in a
shared space for 10T-based smart homes. Note that a finite state machine (FSM) is used to model all operational states of a
device and dependencies among these states.

Two real prototypes are implemented in smart homes to demonstrate the feasibility of the proposed scheme. Fig. 1 shows
one of the prototypes for controlling a fan. In this control prototype, Point-n-Press is implemented in a mobile phone; a fan can
be directly controlled by pointing to an external control box near the fan. Note that two state dependencies are included in the
control process of the fan. First, the fan can only be started by pressing the “Power” button when it is powered off, whereas
pressing other buttons is useless.

Second, the “wind speed” button has no effect on the fan when the fan is in sleep or natural mode, because the wind speed
is automatically adjusted. Thus, by considering the state dependencies, only functional buttons that are relevant to the current
context are displayed on the screen of the controller.
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Figure.1. Prototype of the proposed control system for control of a fan.

Il. RELATED STUDIES

Currently, the majority of devices and appliances in smart homes are equipped with a remote controller, which includes a
number of buttons and wireless transceivers [9]-[11]. This setup provides higher operational complexity around the space with
numerous devices or appliances. Thus, the idea of the universal remote controller (URC) is introduced to integrate multiple
functions of home devices or appliances into one single remote controller [8], [12]-[14]. Nevertheless, various functions and
buttons of a URC results in more complicated operations, the problems of intuition and user friendliness remain.

Numerous solutions are proposed to develop URCs with a liquid crystal display(LCD) screen, networking capability, and
several techniques[15]-[17].Typical techniques for these types of URCs include universal plug and play(UPnP)and universal
remote console specification of the alternate interface access protocol (AIAP-URC). Built in with these techniques, the device or
appliance can be automatically detected via a network [18]-[21],and a Ul is dynamically generated from descriptions and
properties of the device or appliance[22][24].

Recently, some interaction approaches are proposed to control appliances in smart homes, including the use of voice
commands [28] and figure gestures [29]. Nevertheless, the voice control may not work well when the environment is noisy.
Additionally, with gesture sensing techniques, users may have to guess or learn the control gestures of the appliances that are
probably not natural and intuitive. Besides, an interactive television with a beyond-screen interface is introduced to provide
intuitive interactions for controlling TVs. The system focuses on interacting with TVs and does not consider the directionality of IR
and the state dependencies of the device operations. All icons for the control features, which are displayed on the screen of the
controller, may confuse users.

I11. PROPOSED SCHEME OF PONIT-N-PRESS

Here, the comprehensive system architecture and'its primary components and the detailed work flows of the proposed Point-n-
Press.

1.System Architecture

The architecture of Point-n-Press consists of two parts: 1) the Point-n-Press remote controller (PPRC) and 2) a number of target
devices, which embed in the Point-n-Press control box (PPCB) for interacting with the PPRC, as shown in Fig.2.

The functions of the components in the PPRC are described as follows.
® Interface Generator creates a Ul according to the properties and descriptions of the target device and its current state

® Device Profile Registry stores the information of the current target device, such as its current state and dependency between
each state.

® URC Control is the main component of the PPRC, which is responsible for receiving DCPs from target devices. The URC
Control subsequently analyzes the DCP and the current state of the target device to perform additional control operations.

® UPnP Control Point is a set of network protocols that enables networked devices to seamlessly discover each other in the
network and establishes functional network services for communication. The UPnP Control Pointis applied to transmit the
control commands to target devices.

Android platform is the operating platform of the PPRC, which is Linux-based.

Underlying communication interfaces are used between the PPRC and the target devices, including IR, ZigBee, Wi-Fi, and
Bluetooth. A gravity sensor (G sensor) is utilized to detect the movement of the PPRC. An IR transceiver is used to detect and
identify a certain target device as the PPRC is pointed to a specific target device.

Each target device, which is controlled by the PPRC, is composed of two parts: (1) the PPCB and (2) the home appliance. Note that
even a non UPnP conventional and legacy appliance with IR capability can be adapted and controlled with the proposed control
system via the PPCB mechanism. The functions of the components in the PPCB are detailed as follows.

® Device Control Profile is a file that specifies the properties and descriptions of a target device.

®  Target Control generates DCPs and transfers the corresponding DCPs to the URC Control of the PPRC.
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UPnP Device communicates with the UPnP Control Point of the PPRC and executes the received UPnP control commands.
Linux platform is applied as the operating platform of the PPCB.

Underlying information communication interfaces use an IR transceiver to receive a detection signal from the PPRC when
the PPRC is pointing to the IR transceiver of the PPCB. ZigBee, Wi-Fi, and Bluetooth can also be utilized as the
communication interfaces between the PPRC and the target devices.

Target Device #1
IR
R/ PPCB Home Appliance
Wireless
Network
PPRC : :
: Target Device #K :
IR/
Wireless IR
Network PPCB | Home Appliance

Figure. 2. System architecture of the proposed control system.

2.Primary Workflows

With the G sensor in the PPRC, the system can detect that the PPRC has been shaken (i.e., preparing to perform some control
operations) and may be used for controlling appliances. The PPRC then sends a “Be Ready” signal to the PPCB in the vicinity via a
Bluetooth or Wi-Fi wireless network. When a PPCB receives the “Be Ready” signal, the PPCB initializes and enables its internal
IR receiver.

Once the PPRC is fixed on and pointed to a specific PPCB, the IR receiver of the PPCB subsequently receives the signal that
was transmitted from the IR transmitter of the PPRC using directionality of the IR characteristic. During this time, the Target
Control component of the PPCB simultaneously transmits the DCP to the URC Control component of the PPRC via a Bluetooth or
Wi-Fi wireless network. After registering the received DCP to the Device Profile Registry component, the URC Control component
generates a control Ul via the Interface Generator component according to the DCP and state dependencies of the FSM. At this
point, the PPRC can issue control commands using the corresponding control Ul via the UPnP Control Point component.

The PPRC then transmits control commands to the UPnP Device component of the PPCB to control the specific target device.
Last, the PPCB transmits the received control commands from the PPRC to the appliance to generate the corresponding control
operations via an IR transmitter. The home appliance performs the corresponding operations issued by the PPRC.

IV. SYSTEM IMPLEMENTATION

To verify the feasibility of the proposed Point-n-Press control system, real prototypes are implemented, including a fan shows
the operational Uls of real prototypes.

A. Demonstration With Real Prototypes

Control prototypes have been launched in loT-based smart homes. The prototype is a fan, as shown in Fig. 1. The PPRC is
implemented on the platform of a commercial smart phone, which is equipped with 1.2GHz, 1Gbytes random access memory
(RAM), 16 Gbytes read only memory (ROM), a
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Figure. 3 Overall Block diagram of Point-n-Press: A shrewdly widespread remote Control framework to home Appliances

Bluetooth communication, a Wi-Fi communication, a G sensor, and a micro-universal serial bus (micro-USB) interface. In
addition, all software components (e.g., UPnP Control Point and URC Control) are developed based on the Android 4.1 version.
Fig 3. Shows the overall block diagram, the IR capability of the PPRC is provided by a USB IR transceiver dongle through a
physical connection cable that is connected to the micro-USB interface.

Fig.4 shows the PPCB is employed with an ARM9-based development board, which is equipped with 200 MHz, 1 Mbytes Flash,
64 Mbytes Not AND (NAND) Flash, 64 Mbytes (synchronous dynamic random access memory (SDRAM), and 22 general
purpose input/output (GPIO) interfaces. The internal software components are developed based on the Linux 2.4.18 version. The
IR mechanism of the PPCB is designed with a narrow coverage range to prevent unexpected control operations of receiving
multiple IR signals. The small and narrow hole is constructed and treated as the IR mechanism in the PPCB. Based on the design
of this mechanism, the proposed control system can guarantee that only one device can be simultaneously pointed and
controlled. Consequently, the proposed system always displays one control Ul of a single appliance on the screen of the PPRC.

Figure. 4 Overall circuit connection of point-n-press

B. System Operations and UlsDemonstration

The operational Uls for controlling a fan. A smart phone, which is treated as the PPRC, is picked up, and the “Be Ready” signal
is sent to the PPCB. No other control icons are displayed on the screen of the PPRC at this time. Next, the PPRC receives the
DCP from the PPCB via a Bluetooth or Wi-Fi wireless network after the PPRC is pointed to the PPCB of the fan. The icon and
the current state of the fan are displayed on the control screen (at this point, only the “Power” icon is displayed, which indicates
that the fan is powered off, and other operations of the fan are not allowed). Fig.5 shows as the “Power” button is pressed, the
state displayed on the screen of the PPRC is switched to power on. The fan is operated in normal mode with a moderate
windspeed. After the “Mode” button is pressed, the fan is operated in natural mode without windspeed control functions (i.e., the
“Speed” icon and related options are hidden).
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Figure. 5 PPRC for Fan Point-n-Press: An shrewdly widespread remote Control framework to home Appliances

V. CONCLUSION

An intuitive control system with a set of user-friendly operations, called Point-n-Press, is proposed for controlling connected
devices/appliances in loT-based smart homes. The proposed scheme leverages the directionality characteristic of IR to enable easy
and intuitive control of devices (i.e., controlling an appliance in smart homes by pointing to it). A user-friendly Ul is designed by
considering the state dependencies between each control operation. This design disables buttons that are irrelevant to the current
context to prevent users from performing mal-operations. With the demonstration of two real prototypes with controlling
appliances in smart homes, the feasibility of an intelligent universal remote control system for home appliances with intuitive and
user-friendly features is verified. Consequently, the proposed Point-n-Press control system not only enhances the features of
intuition and user-friendliness but also establishes a less bandwidth-consumptive control system. Nevertheless, the implementation
of the proposed control system is currently limited to IR sensors. Moreover, state dependencies of devices/appliances must be
manually identified. Therefore, to control devices/appliances with a more precise pointing mechanism, and to support an auto
discovery mechanism of state dependencies are two possible directions for future research.
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