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Abstract

In this paper, a smart home system based on ZigBee technology is designed. The system includes
home network, home server and mobile terminal. The program is highly scalable and cost-effective.
This paper developed the home server-side application based on MFC technology and the mobile
terminal application. The mobile client can remotely control home devices and query the running
state, electric energy information and historical data of home devices. At the same time, the home
server-side application can store electric energy information and electricity consumption of home
devices. Combined with household distributed photovoltaic generation system, the system can be
applied to home energy management system. Through running tests and application, the results
show that the system has realized basic functions of smart home and achieved the desired design

goals.
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1. Introduction

With the development of computer technology, information technology and control technology, the relationship
between people’s lives and information becomes closer and closer. At present, information technology is slowly
changing people’s traditional way of life and work; smart home has started to enter people’s lives. Smart home
not only has the traditional residential function, but also allows users to use more convenient means to manage
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home devices. Users at anytime anywhere outside can switch or adjust the indoor equipment through remote
control. Smart home can also realize home energy management, and greatly improve the quality of people’s
lives [1].

At present, restricted by the existing technical conditions and economic costs, the smart home system is ex-
pensive and not very popular, resulting in a very high position but a narrow target market. In addition, a variety
of smart home products on the market are lack of uniform technical standards and practicality, and the operation
is complicated. Moreover, they cannot realize effective home energy management. The top priority is to design a
simple, effective and low-cost smart home system [2], which will play a very big role in the application and
promotion of smart home.

2. Design of Smart Home System Based on ZigBee

A smart home system based on ZigBee technology is mainly composed of three parts: home network, home
server and mobile terminal. The structure of smart home system is shown in Figure 1.

2.1. Home Network

Home network is an important structural basis of smart home system. It set up the network with a variety of
controllable home devices as nodes to achieve data transmission in the home. Home network can achieve a va-
riety of functions of energy management [3]. Home network can use wired or wireless communication mode.
Compared to the traditional wired solutions, wireless solutions are easier to install and maintain. Also, wireless
network can enhance the scalability of the system. Compared with other short-range wireless technology, Zig-
Bee wireless network is the first choice for the establishment of a home network [4]. ZigBee technology, as a
two-way wireless network technology based on the IEEE 802.15.4 standard, has the characteristics of low cost,
low power consumption, short distance, low complexity and high safety [5]. Also, the chips which support Zig-
Bee technology are very cheap, and the cost of smart home system can be greatly reduced.

Therefore, the home network in this system uses ZigBee wireless network, which is composed of a ZigBee
coordinator and multiple terminal nodes. The ZigBee coordinator is responsible for the establishment and man-
agement of the entire ZigBee wireless network. Its communication distance can cover the normal living envi-
ronment, so the star topology is used and all terminal nodes can communicate with the coordinator directly. At
present, the ZigBee coordinator adopts CC2530 [6], and the program is compiled by IAR Embedded Workbench
[7].

ZigBee terminal nodes are located in different locations in the house. The terminal node is connected to the
electric energy metering module in order to collect electric energy information of devices, and also connected to
the relay module in order to execute the control commands sent by the coordinator by triggering the relay. The
smart socket consists of these modules. Home devices are connected to the power supply through smart sockets,
and smart sockets can realize the switch control of devices and the collection of electric energy information of
devices.

2.2. Home Server

The home server is the core of the whole system. The home server can query the running state of each device,
remotely control home devices, store electric energy information of each electric load and provide users with a
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Figure 1. Structure of smart home system.
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visual interface. In this system, the home server and ZigBee coordinator constitute the home gateway together,
which is responsible for connecting the external network and the internal network. The home server communi-
cates with the coordinator through the serial port. At the same time, the home server is connected to the mobile
terminal through the external network, and transfers data to the mobile terminal through the Socket communica-
tion.

The home server uniformly monitors and manages home devices and household distributed energy. The home
server can obtain real-time data of household energy consumption. According to the analysis and processing of
power-expenditure information of devices and photovoltaic output data, the home server can realize household
electricity dispatching and home energy management [8].

2.3. Mobile Terminal

The mobile terminal provides the remote operation platform for users to realize the remote monitoring of the
system. The mobile terminal is connected to the home server by mobile data network or WIFI network, and
receives the information from the home server and displays it on the interface. Also, the mobile terminal sends
control commands to the home server to remotely control home devices.

3. Development of Application Software
3.1. Development of Home Server-Side Application

The home server is the main control console and management center of the smart home system. The functional
design of the home server-side application program can be divided into four modules: data communication
module, terminal control module, data query module and background data storage module. The home server-
side application program is developed and designed by using Microsoft Foundation Classes (MFC) technology
in the Visual Studio 2010 integrated development environment and an object-oriented language of Visual C++.
Since MFC encapsulates Windows API effectively, users can directly call the API, so that Windows applications
become easier to develop [9].

3.1.1. Data Communication
The home server-side application communicates with the mobile terminal by Socket, and communicates with the
ZigBee coordinator through the serial port.

1) Serial communication with ZigBee coordinator

The home server is connected to the ZigBee coordinator through the serial port of PC, and transfers data
through the serial communication. MFC provides encapsulated MSComm control, which can use the serial port
to send and receive data. The MSComm control supports applications accessing the serial port, making the serial
communication more reliable, so that the ZigBee coordinator and home server can easily use the serial port for
data transmission. The main properties of the MSComm control are shown in Table 1.

After the serial port control is added to the project, serial port is initialized, and the serial port parameters and
serial port number are also set. The home server-side application directly reads the receiving and sending buffers
of the serial port through the Input property and Output property of the MSComm control, so as to receive data
sent by the coordinator and send data to the coordinator.

2) Socket communication with mobile terminal

The home server can communicate with the remote mobile terminal by Socket, which is a popular programming

Table 1. Main properties of MSComm control.

Attribute name Attribute description
CommPort Set the communication port or return the communication port number
Settings Set and return the baud rate, parity bit, data bits, stop bit as a string
PortOpen Set, open and close the port, or return the status information of the communication port
Input Return the characters in the receive buffer and empty the receive buffer
Output Write a string to the send buffer

)
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method of TCP/IP protocol. Socket communication is a communication mode based on client/server model,
which is based on IP address and port number. The home server is the server of Socket communication, while
the mobile terminal is the client. After the port number is set, the home server waits for a connection request
from the client. The client initiates a Socket connection request to the server first. After receiving a request, the
server will establish a connection and open the listening port.

Both the server and the client realize the Socket communication by way of threads. The server-side program
uses separate threads to handle the Socket requests and feedback from each client. When there is a new client
online, will create a new thread to receive and send data. When the client is offline, the server will close the
thread.

3.1.2. Terminal Control

The home server can realize the switch control of home devices. The home server-side application receives the
control command sent by the mobile terminal, and then sends it to the ZigBee coordinator. For example, the
control command “@Y1” means opening device 1, while “@N1” means closing device 1. At last, the ZigBee
coordinator sends the control command to the terminal node, and realizes the switch control of the device.

3.1.3. Data Querying
The home server-side application can query the real-time electric energy information of each device and histori-
cal data in the database.

When the user queries the electric energy information of a device through the mobile client or the control in-
terface of the home server, the home server will send query commands to the ZigBee coordinator. After receiv-
ing data from the terminal node, the home server gets the electric energy information and the running state of the
device through data processing, and then sends the electric energy information of the device to the mobile ter-
minal. The results are displayed on the control interface, as shown in Figure 2.

When the user wants to query the historical data of a device, the mobile terminal will send query commands
to the home server. For example, “H1#20150101@0000@2359” means the historical data of device 1 on Sep-
tember 1st 2015 from 00:00 to 23:59 are required. According to the query command, the home server finds the
historical data of the device in the corresponding time period in the background database, and returns them to
the mobile terminal according to a certain format.

3.1.4. Data Storage

The home server has a background database for storing electric energy information and electricity consumption
of all devices. The home server-side application queries the electric energy information of each load in turn
every ten minutes. After receiving the returned data, the application stores the current power value of each load
and the corresponding time in the background database for analysis, processing and querying. Meanwhile, the
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Figure 2. Display interface of devices’ electric energy information.
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home server calculates the daily consumption of each device and stores it in the data tables in the background
database.

The system uses the SQL Server database to store electric energy information of home devices, and accesses
it by using ActiveX Data Object (ADO) [10]. The program flow chart of data storage is shown in Figure 3. The
control interface of the home server-side application is shown in Figure 4.
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Figure 3. Program flow chart of data storage.
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3.2. Development of Mobile Terminal Application

The mobile terminal can realize the remote monitoring of each load through effective data communication with
the home server. Based on the Android system, the mobile client is developed with Java language in the Eclipse
software environment. The Socket communication under the TCP protocol ensures the stability and reliability of
communication, and also ensures the simplicity and ease of use of the mobile client.

The mobile client can view the connection status and switching status of each device, remotely control home
devices, and query the real-time electric energy data of each load. After receiving the returned data from the
home server, the mobile client will process data according to the communication format, and display the pow-
er-expenditure information of loads on the interface, including voltage, current, power, frequency and power
factor. At the same time, the mobile client can query the historical records of electric energy data of each load,
including the detailed points, the line chart and pie chart. The mobile client can also calculate the total power
consumption in a period of time. The main interface of the mobile client is shown in Figure 5.

4. Function Realization and Application of System
4.1. Functions of System

The main functions of the smart home system are shown in Table 2. The function of operation interface is to
provide users with an intuitive interface of the mobile terminal, which is convenient for users to remotely moni-
tor and control home devices. Users can view the connection status and switching status of each device, remote-
ly control home devices, and query the real-time electric energy data of each load through the operation inter-
face. At the same time, users can query the historical records of electric energy data of each load.

4.2. Application of System

In this paper, the smart home system and the household photovoltaic plant are combined, which can be applied
to home energy management system with household distributed photovoltaic generation. Household distributed
photovoltaic generation system can not only supply power to domestic loads, but also can transfer redundant
power to the distribution network. The storage battery is responsible for storing redundant power generated by
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Figure 5. Main interface of mobile client.
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the photovoltaic panels, and supplying power to loads when the photovoltaic output is insufficient. Users can
query the running state of home devices, power-expenditure information, spot price and the photovoltaic output
data through smart home system at any time. According to the analysis and processing of power-expenditure in-
formation of devices, the system can obtain the optimal scheme. The system remotely controls home devices in
accordance with the optimal scheme in order to reduce electricity costs.

The system consists of a solar photovoltaic panel, a storage battery, an inverter, home communication net-
work and home devices. The actual configuration of the system is shown in Table 3.

The system is applied to an ordinary family for running tests. A solar photovoltaic panel, a storage battery and
an inverter are installed in the home. The home server is placed in the living room and connected to the ZigBee
coordinator through the serial port of PC, as shown in Figure 6. Smart sockets are plugged into different electric
outlets in the house for access to various home devices, including lights, electric cookers, water dispensers and
refrigerators. The smart socket is shown in Figure 7.

Table 2. Main functions of system.

Function name Functional specification

Collect the real-time electric energy information of home devices, including voltage,

Electric energy collection current, power, frequency and power factor.

Switch control Control home devices through the relay and monitor the status of devices.

Store electric energy information and daily electricity consumption of each device for

Data storage . . .
analysis, processing and querying.

Provide users with the operation interface of the mobile terminal and realize the remote

Operation interface monitoring of home devices.

Table 3. Configuration table of system.

Iltem Model Specifications Capacity
1 Photovoltaic panel Polysilicon 255 W 2 kw
2 Energy storage inverter 5048D-ES 2.5 kw 2.5 kW
3 Storage battery Lead-acid battery 200 Ah/12V 9.6 kWh
4 Smart socket 800 W, 3 kW 5 5
5 Mobile phone APP Android 1 1
6 Home gateway PC, ZigBee coordinator 1 1

Figure 6. Actual picture of home server.
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Figure 7. Actual picture of smart socket.

The home server-side application is running in the Windows 7 environment. The port number is set to 8260 in
the program, and the port number and the home server’s IP address are set in the mobile client. Then the user
opens the mobile client and connects it to the home server. When the switch button of the water dispenser on the
mobile client interface is clicked, the water dispenser will be controlled by the smart socket and the switching
status of the water dispenser will be displayed on the interface. In addition, the user can enter the query interface
of the mobile client to query the real-time electric energy information and historical data of the water dispenser.
For example, when the user queries the historical data of the water dispenser on December 28th 2015 from
08:00 to 17:00 through the mobile client, the power history line chart of the water dispenser will be displayed on
the interface, as shown in Figure 8.

After further verification, it is proved that the mobile terminal can keep the stable network communication
with the home server, and other home devices can also be remotely controlled and monitored. Meanwhile, the
home server-side program stores the electric energy information of each device at regular time, and valid data in
the background database can be viewed through the query interface of the home server. For example, the results
of querying the historical data of the water dispenser on December 28" are shown in Figure 9. In addition,
power generation data of the household photovoltaic plant and battery parameters can be displayed accurately in
the mobile client. The test proves that the system is effective and works well.

5. Conclusion

In this paper, the smart home system based on ZigBee technology uses wireless communications technology,
which has good scalability. The system can realize the collection of the electric energy information of home de-
vices through the electric energy metering chip integrated in the smart socket, and realize the remote control and
data monitoring of each device through the mobile terminal. Meanwhile, the home server can store electric
energy information and electricity consumption of home devices in the background database, which has the
practical value. The home server communicates with the mobile terminal by Socket of TCP protocol. This pro-
gram is simple, and has high stability. In addition, the smart home system, combined with household distributed
photovoltaic generation system, can be applied to home energy management system, which has a certain appli-

cation value.
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Figure 8. Power history line chart of water dispenser.
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