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Abstract: This paper introduces the intelligent home appliance control system, the system is developed through
ARM microprocessor, embedded Linux operating system, ZigBee wireless communication technology and
network technology. It gives the overall framework of hardware and software design and describes ways to
implement the system. User can control appliances through hand-held mobile terminal.
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INTRODUCTION Samsung, Siemens, Volvo, Walt Disney Animation

Intelligent information appliance is the main direction also uses Qt, but only as an interface to the Linux platform
of development in the appliance control field. Intelligent [2].
appliance network has small amount and low speed of Embedded Linux is the use of Linux in embedded
data transmission; there are many appliances in family and computer systems such as mobile phones, personal digital
it needs more network capacity. ZigBee is developed in assistants, media players, set-top boxes and other
recent years, a short- range wireless communications consumer electronics devices, networking equipment,
technology, with low-power, low data rate, short distance, machine control, industrial automation, navigation
low cost, safe and reliable. In this paper, based on ZigBee equipment and medical instruments which have 
technology, the ARM microprocessor and embedded
Linux operating system as the core of the intelligent Low Memory Resources – RAM, Hard Disk
appliance control system to do the research. Low Processing Power – CPU (400 MHz, <= 1GHz)

Qt ("cute", or unofficially as Q-T cue-tee) is a cross- Compact Size
platform application framework that is widely used for Low Cost Limitation
developing application software with a graphical user Higher Performance and Efficiency in Speed, Power
Interface (GUI) (in which cases Qt is classified as a widget
toolkit) and also used for developing non-GUI programs Due to its low cost and ease of customization, Linux
such as command-line tools and consoles for servers. has been shipped in many consumer devices.
Haavard Nord and Eirik Chambe-Eng (the original Linux is available for many architectures and an
developers of Qt and the CEO and President, respectively, obvious candidate for an embedded system and it already
of Trolltech) began development of "Qt" in 1991. is being used widely in this area. Its open nature makes it

Qt is free and open source software. All editions particularly attractive to developers. Development tool
support many compilers, including the GCC C++ compiler suites have begun to appear in response to the perceived
and the Visual Studio suite. need, although one can work without such luxury and

On August 9, 2012, Digia acquired Qt software employ less integrated tools already available in Linux.
technologies from Nokia. About 125 Qt developers will be New embedded systems companies using Linux have
transferred to Digia, with the immediate goal of bringing opened for business and various older embedded systems
Qt support to android, iOS and Windows 8 platforms [1]. companies have added Linux to their product line [3]. 

Qt is most notably used in VLC media player, Safari Qt for Embedded Linux is a C++ framework for GUI
Browser, Autodesk Maya, The Foundry's Nuke, Adobe and application development for embedded devices. It
Photoshop Elements, Skype, Virtual Box and Mathematica runs on a variety of processors. Qt for Embedded Linux
and by the European Space Agency, DreamWorks, provides the standard Qt API for embedded devices with
Google, HP, KDE, Lucas film, Panasonic, Philips, a lightweight Graphics system.

Studios and Research In Motion. The Opera web browser
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Qt is a cross-platform application and UI framework program without requiring that the program be modified or
for writing web-enabled applications for desktop, mobile recompiled.
and embedded operating systems. This page contains ZIGBEE is the name of a specification for a suite of
links to articles and overviews explaining key components high level communication protocols using small, low-
and techniques used in Qt development [4]. power digital radios based on the IEEE 802.15.4 standard

One of the most important issues with embedded for wireless personal area networks (WPANs). ZigBee is
systems is the need for a real-time operating system. The targeted at radio-frequency (RF) applications which
definition of real-time here varies quite a bit. To some require a low data rate, long battery life and secure
people, real-time means responding to an event in the networking.
one-microsecond range, to others it is 50 milliseconds. ZIGBEE is an established set of specifications for
The hardness of real-time also varies quite a bit. Some wireless personal area networking (WPAN) i.e, digital
systems need hard real-time response, with short radio connections between computers and related
deterministic response latencies to events. However, on devices. ZigBee is one of the global standards of
many systems, when analyzed closely, we see a response communication protocol formulated by the relevant task
time requirement that is actually near real-time. force under the IEEE 802.15 Wireless Networking

Often the real-time requirement is a trade off of time Standards. ZigBee provides specifications for devices
and buffer space. With memory getting cheaper and CPUs that have low data rates, consume very low power and are
getting faster, near real-time is now more typical than hard thus characterized by long battery life
real-time and many commercial operating systems that ZigBee operates in the industrial, scientific and
claim to be real-time are far from being hard real-time. medical (ISM) radio bands; 868 MHz in Europe, 915 MHz
Usually, when you get into the detailed design of these in the USA and Australia and 2.4 GHz in most
systems, there are warnings that the drivers' interrupts jurisdictions worldwide

and applications must be very carefully designed in order
to meet real-time requirements.

RT-Linux (Linux with real-time extensions) contains
time critical functions to provide precise control over
interrupt handling, through the use of an interrupt
manager and does a good job of making sure that critical
interrupts get executed when needed. The hardness of
this approach depends mostly on the CPU interrupt
structure and context-switch hardware support [5]. This
approach is sufficient for a large range of real-time
requirements. Even without the real-time extensions, Linux
does pretty well at keeping up with multiple streams of
events. For example, a Linux PC system on a low end
Pentium is able to keep multiple 10BaseT interfaces
executing effectively, while simultaneously running
character-level serial ports at a full 56KBPS without losing
any data.

Some real-time hardware and software Linux APIs to
consider are RTLinux, RTAI, EL and Linux-SRT. RTLinux
is a hard real-time Linux API originally developed at the
New Mexico Institute of Technology. RTAI (DIAPM) is
a spin-off of the RTLinux real-time API that was
developed by programmers at the Department of
Aerospace Engineering, Polytechnic Politecnico di Milano
(DIAPM). EL/IX is a proposed POSIX-based hard real-
time Linux API being promoted by Red Hat. And Linux-
SRT is a soft real-time alternative to real-time APIs, which
provides performance-enhancing capabilities to any Linux
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With ZigBee designed to enable two-way there are 16 ZigBee channels, with each channel
communications, not only will the consumer be able to requiring 5 MHz of bandwidth. The center frequency
monitor and keep track of domestic utilities usage, but for each channel can be calculated as, F  = (2405 +
also feed it to a computer system for data analysis. 5*(k-11)) MHz, where k = 11, 12,..., 26.

Architecture: The ZigBee Standard has evolved from months to years. Considering the number of
standardized sets of solutions, called ‘layers'. These devices with remotes in use at present, it is easy to
layers facilitate the features that make ZigBee very see that more numbers of batteries need to be
attractive: low cost, easy implementation, reliable data provisioned every so often, entailing regular (as well
transfer, short-range operations, very low power as timely), recurring expenditure. In the ZigBee
consumption and adequate security features. standard, longer battery life is achievable by either of

Network and Application Support  Layer:  The  network slow but sure battery drain, or intermittent
layer permits growth of network sans high power connection and even slower battery drain. 
transmitters. This layer can handle huge numbers of Maximum data rates allowed for each of these
nodes. This level in the ZigBee architecture includes the frequency bands are fixed as 250 kbps @2.4 GHz, 40
ZigBee Device Object (ZDO), user-defined application kbps @ 915 MHz and 20 kbps @868 MHz. 
profile(s) and the Application Support (APS) sub-layer. High throughput and low latency for low duty-cycle

The APS sub-layer's responsibilities include applications (<0.1%) 
maintenance of tables that enable matching between two Channel access using Carrier Sense Multiple Access
devices and communication among them and also with Collision Avoidance (CSMA - CA) 
discovery, the aspect that identifies other devices that Addressing space of up to 64 bit IEEE address
operate in the operating space of any device. devices, 65,535 networks 

The responsibility of determining the nature of the 50m typical range 
device (Coordinator / FFD or RFD) in the network, Fully reliable “hand-shaked” data transfer protocol.
commencing and replying to binding requests and
ensuring a  secure  relationship  between  devices  rests Traffic: ZigBee/IEEE 802.15.4 addresses three typical
with the ZDO (Zigbee Define Object). The user-defined traffic types [6].
application refers to the end device that conforms to the
ZigBee Standard.  Data is periodic: The application dictates the rate and

Physical (PHY) Layer: The IEEE802.15.4 PHY physical
layer accommodates high levels of integration by using
direct sequence to permit simplicity in the analog circuitry
and enable cheaper implementations. 

Media Access Control (MAC) Layer: The IEEE802.15.4
MAC media access control layer permits use of several
topologies without introducing complexity and is meant
to work with large numbers of devices. 

Characteristics: The focus of network applications under
the IEEE 802.15.4 / ZigBee standard include the features
of low power consumption, needed for only two major
modes (Tx/Rx or Sleep), high density of nodes per
network, low costs and simple implementation. These
features are enabled by the following characteristics

2.4GHz and 868/915 MHz dual PHY modes. This
represents three license-free bands: 2.4-2.4835 GHz,
868-870 MHz and 902-928 MHz.. In the 2.4 GHz band

C

Low power consumption, with battery life ranging

two means: continuous network connection and

the sensor activates, checks for data and deactivates.

Data is intermittent: The application, or other stimulus,
determines the rate, as in the case of say smoke detectors.
The device needs to connect to the network only when
communication is necessitated. This type enables
optimum saving on energy.

Data is repetitive: the rate is fixed a priori. Depending on
allotted time slots, called GTS (guaranteed time slot),
devices operate for fixed durations.

ZigBee employs either of two modes, beacon or non-
beacon to enable the to-and-fro data traffic. 

BEACON mode is used when the coordinator runs
on batteries and thus offers maximum power savings,
whereas the non-beacon mode finds favour when the
coordinator is mains-powered. 

In  the  beacon  mode,  a  device  watches   out  for
the coordinator's beacon that gets transmitted at
periodically, locks on and looks for messages addressed
to  it. If message transmission is complete, the coordinator
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dictates a schedule for the next beacon so that the device memory, (no flash, very little ROM and RAM), an RFD will
‘goes to sleep'; in fact, the coordinator itself switches to thus be cheaper than an FFD. This device talks only to a
sleep mode. network coordinator and can be implemented very simply

While using the beacon mode, all the devices in a in star topology. 
mesh network know when to communicate with each
other. In this mode, necessarily, the timing circuits have Network  Model:  The  functions  of  the  Coordinator,
to be quite accurate, or wake up sooner to be sure not to which usually remains in the receptive mode, encompass
miss the beacon. This in turn means an increase in power network set-up, beacon transmission, node management,
consumption by the coordinator's receiver, entailing an storage of node information and message routing between
optimal increase in costs. nodes.

control. ZigBee network is used to connect various
Devices: ZigBee devices are required to conform to the appliances within the home LAN, including information
IEEE 802.15.4-2003 Low-Rate Wireless Personal Area appliances and environment control two sections [1].
Network (WPAN) standard. The standard specifies its Each section contains multiple nodes, each node is a
lower PROTOCOL LAYERS—the physical layer (PHY) communication terminal, each terminal node is
and the medium access control (MAC) portion of the data independent of each other, any node failure will not affect
link layer (DLL). the operation of other nodes. Each appliance installed a

There are three different ZigBee device types that Zigbee node to communicate with the control terminal.
operate on these layers in any self-organizing application The overall block diagram of intelligent appliance control
network. These devices have 64-bit IEEE addresses, with system is shown in Figure 1.
option to enable shorter addresses to reduce packet size Control Centre uses 32-bit embedded RISC processor
and work in either of two addressing modes – star and based ARM11 architecture. ZigBee wireless module is
peer-to-peer. embedded in control centre and various appliances, in

The Zigbee Coordinator Node: There is one and only one, intelligent control of appliances.
ZigBee coordinator in each network to act as the router to
other networks and can be likened to the root of a Hardware Design of the System
(network) tree. It is designed to store information about A. Zigbee Device: IEEE 802.15.4 [2] defines two device
the network. types: FFD (Full Function Device) and RFD (Reduced

The Full Function Device FFD (Router): The FFD is an be a network coordinator or router and communicate with
intermediary router transmitting data from other devices. any devices. RFD is only used in star topology, it can not
It needs lesser memory than the ZigBee coordinator node be the network coordinator and can only communicate
and entails lesser manufacturing costs. It can operate in with network coordinator and router.
all topologies and can act as a coordinator. 

The  Reduced   Function   Device   RFD   (End   Device): on Chip (SoC) CMOSsolution. This solution can improve
This device is just capable of talking in the network; it performance and meet the ZigBee-based low-cost, low
cannot relay data from other devices. Requiring even less power   requirements.   It combines  a  high  performance

The network node, however, is meant to save energy
(and so ‘sleeps' for long periods) and its functions include
searching for network availability, data transfer, checks
for pending data and queries for data from the
coordinator.

The Overall Plan of Systerm: The overall structure of
intelligent appliance control system can be divided into
hand-held control terminal, ZigBee network and
appliances terminal three parts. Hand-held control terminal
uses advanced touch screen technology and various
appliances are displayed as icons on the touch screen for

order to achieve wireless connectivity appliances and

Function Device). FFD supports three topologies, it can

B. ZigBee Chip Selection: TI's CC2430 is a true System
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Fig. 1: The overall block diagram of intelligent appliance home device.
control system

2.4GHz DSSS (Direct Sequence Spread Spectrum) RF
transceiver core and a compact and efficient 8051
industrial controllers [4].

CC2430 chip uses 0.18 µm CMOS process of
production. In receive and transmit modes, current
consumption is less than 25mA or 27mA. The
characteristics of CC2430's sleep mode and ultra-short
time of switching to active mode are particularly suitable
for the application of requiring long Software Design of the System

C.  Zigbee  Network  Model:  The   ZigBee   network system is the soul of embedded system, it is very
mainly  selects  three  network  methods:  star  network, important to choose a suitable embedded operating
tree network and mesh network. Each ZigBee network system. The open source code, extensive technical
requires at least one FFD to realize the network support, good scalability, support of many hardware are
coordinated function [5]. Mesh network is developed from all unique advantages of embedded Linux. Linux can be
tree network and can implement any communication customized and its minimum system kernel is only about
between nodes. It has a good ability to adapt to the 134KB. The core program with Chinese system and
environment, each node in the network is a small router. graphical user interface can also be less than 1MB.
Mesh network can provide a multi-route network Linux’s stability, reliability and operating efficiency has
environment, information can flow freely in this network, been proven [7]. In addition, it is compatible with most
automatically finding the best path and fast transferring. UNIX systems and easy to develop and port applications.
The design uses mesh network, ZigBee mesh network Linux has excellent network support. So this article was
topology is shown in Figure 2. designed with embedded Linux operating system.

Fig. 2: ZigBee mesh network topology

D. The Design of Control Centre: Control centre is the
core component of intelligent home appliance system, it
is actually a full-featured embedded systems. Hardware
design uses a powerful ARM11 chip [6] and other
functional modules. Touch screen is man-machine
interface; user can control home appliances through it.
Zigbee wireless module implements the communication of

A. Embedded Operating System: Embedded operating
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