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Abstract—With the development of the embedded
system and improvement of the requirements from
customers, embedded GUI which was used to
communicate between users and embedded system
became to be a key in researching the embedded system.
This article introduced what is embedded system and
what is embedded GUI. It described the porting of an
embedded GUI on ARM Linux platform, including the
establishment of compile environment, configuring and
modifying of compile options and setting of runtime
parameters. Above all, this article introduces the
development of Embedded Linux GUI, describes the
GUI development environment of Qt /Embedded and Qt,
one procedure of the app location development based on
Qt/Embedded is described in detail. This system adopts
the B/S mode and uses the ARM11 development board
with S3C6410 as the core. Sensors are used to obtain
information, and the obtained data is judged and
analyzed. When the preset conditions are not met, an
alarm function is triggered. At the same time, data
transmission is carried out through the Zigbee wireless
module, and the receiving end analyzes and displays the
received data. Each device is connected to the Zigbee
module, which distinguishes it by assigning different
network addresses and constantly transmits the status of
the monitoring area to the receiving end. The receiving
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end distinguishes the monitoring status of different
locations based on the different network addresses,
increasing mobility.
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| ESTABLISHMENT OF VIRTUAL MACHINE AND
INSTALLATION OF LINUX

A. The concept of virtual machines and virtual
machine software

The so-called virtual computer (abbreviated as
virtual machine) is actually an application
software [1]. VMware, the narrow virtual machine
software that will be introduced to you today, is
actually just an application software. The virtual
machine created by VMware is almost identical to
the real computer [2-3]. The currently popular
virtual machine software includes VMware and
Virtual PC. This article is based on VMware
Workstation to conduct various practical exercises
[4-5].
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1) Establishment of virtual machines

After clicking "New Virtual Machine”. Click
the "Next" button to enter the virtual machine
configuration interface, where there are two
options: one is the "Typical" method; The second
is the "custom" method. We choose a typical
approach here.

Click the "Next" button to enter the virtual
machine operating system selection interface,
where you can click "Linux". Select "Red Hat
Linux". and so on, the user will be asked to set the
size of the hard drive, which is 10GB.

2) Installing Linux on a Virtual Machine
The method to install Linux on a virtual
machine is actually very simple, as follows [6-7]:

Before installation, we need to set up the
optical drive of the virtual machine. At the
beginning of the installation process, a welcome
dialog box appears and the user presses “Enter” to
continue. Red Hat will sequentially ask users what
language they are using, the type of keyboard they
are using, and the location where the software is
installed. Select “Install” in the subsequent
upgrade or system installation inquiry, and choose
“Custom Installation” for the type of installation to
use.

Now users need to create two partitions in the
reserved hard drive space. The first partition
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serves as the root partition of Linux and is used to
install Linux files. The second partition serves as a
swap partition to supplement the user's physical
memory, and it is recommended to set it to one to
two times the amount of memory. Here, users will
be prompted to set up some hardware, such as
mouse, network, Linux Loader and Configurator.

B. Communication between virtual and board

The VMware Workstation software comes with
the function of sharing host files. The specific
method is to select Virtual
Machine-> Settings=>Options in the menu, where
one option is to share a folder. Then, you select the
folder you want to share, click OK, and the file
will appear in a directory of the virtual machine.

The video monitoring and alarm system based
on wired and wireless data transmission is an
embedded system developed based on the
S3C6410 development board. This system is based
on pure video monitoring, combined with data
collected from human infrared sensors, sound
sensors, light sensors, temperature and humidity
sensors, to determine whether an alarm is needed.
The data is transmitted through the Zigbee.
wireless module in the wireless system to
complete the data transmission of the monitoring
system. The embedded board is in Figure 1.
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Figure 1. The Embedded Development Board
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In Figure 1, the system is the core board which
based on the S3C6410 ARM11 chip as the main
processor. It integrates 256M of DDR RAM, 2GB
of NAND Flash memory, and is powered by 5V. It
can be connected to a PC through the COM1 port
to access the development board. It can be
connected to the Zigbee wireless module through
the COM3 port for information transmission and
reception, and has three USB interfaces that can be
used to connect USB cameras for real-time video
monitoring. The core board also comes with two
rows of SDIO interface arrays, which can self-
connect the required modules. This system
requires the application of SDIO ports, human
infrared sensor modules, sound sensor modules,
temperature and humidity sensor modules, and
light sensor modules. The core board comes with
LED lights and PWM modules. This article uses
an external USB camera and various sensors to
obtain data from the monitoring site. It is
wirelessly transmitted through the external Zigbee,
and the alarm function is achieved through the
system's integrated LED lights and PWM.

Il EMBEDDED LINUX KERNEL AND FILE SYSTEM

A. Establish the Cross Compilation in S3C6410

The S3C6410 microprocessor is a low-power,
highly  integrated = ARM920T  core-based
microprocessor designed by SAMSUNG for
handheld devices. The development board selected
in this article is YF6410ll, which uses the
S3C6410 microprocessor, making it suitable for
developing high-performance handheld and
portable smart devices or terminals.

Copy YUANFENG.tar.gz from the Linux
directory on the development board's CD to the
root directory. The execute script is:

[root@localhost YF6410] #./YFINSTALL.sh

After the script file is executed, the compiled
development environment (arm Linux gcc-2.95.3)
is successfully installed, and a tftp server is also
installed. The default working directory for tftp
server is/tfpboot

Select load configuration file and enter the path
to the configuration file in the dialogbox. Next,
select the LCD option is 3.9TFT. The touch screen
is used in the design, so it is necessary to modify
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kernel/drivers/char/s3c6410 ts. c. Download file
system: YFLoader#load flash 0x40 0x1b00000
root.

Turn off the power to the development board
and connect the LCD. Restart the development
board, and the calibration program for QT will
appear on the LCD. After calibration, enter the QT
interface.

B. Signal and slot principle

The signal and slot provide a mechanism for
communication between objects, and the QT
designer can complete it. GUI programs can
respond to user actions. When a user clicks on a
menu item or toolbar button, the program will
execute some code. More generally, various
objects need to be able to communicate with each
other. Programmers must associate events with
relevant code. Trolltech has invented a solution
called "Signal and Slot". The signal and slot
mechanism are a powerful object to object
communication mechanism that can completely
replace the rough callback and message mapping
of traditional toolkits.

Connect (Obijectl, Signall, Object2, solt1)

Objectl
Signall Object?
Signal2
Signall
5 Soltl
» Solt2
Object3 | Connect (Dbject3, Signall, Object4, solt3)
Signall Object4
Soltt Signall
> Soltl
Connect (Objectl, Signal2, Object4, soltl) > solt2

Figure 2. Flowchart of Signal to Slot Connection

In Figure 2, when using the old callback
mechanism to connect some code with a button, a
function pointer needs to be passed to the button.
When the button is clicked, the function is called.
Old toolkits cannot guarantee that the parameters
given when a function is called have the correct
type, making it easy to crash. Another issue with
callback methods is that they tightly bind GUI
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elements with their functionality, making it

difficult to independently develop classes.

The signal and slot mechanism of QT are
different. When an event occurs, the components
emit signals. For example, when a button is
clicked, a "clicked" signal is sent. By creating a
function (slot) and calling the connect () function
to connect signals, programmers can connect
signals to slots. The signal and slot mechanisms do
not require classes to know each other, making it
easier to develop highly reusable classes.

I1l PROGRAMMING UNDER LINUX SYSTEM

A. Common System Instruction Set for Linux

For beginners of Linux, the biggest headache at
first may be not being able to find the software
they need to use. In fact, there are also some
commonly used software under Linux that have
the same functions as similar software under
Windows. Linux's vi and Windows's Edit are very
similar, and Open Office has almost all the
functions of MS Office. The comparison of
command lines in Linux and DOS systems is
shown in Table 1.

TABLE I. COMPARISON TABLE OF COMMONLY USED COMMANDS IN
LINUX AND DOS
Example of
Command MS-DOS Linux
Linux
Using an editor to edit edit vi vi thisfile.txt
files
Copying files copy cp cp thisfile.txt
Transfer files move mv mv thisfile.txt
List files dir Is Is
Delete files del m rm thisfile.txt
Create directory mkdir mkdir Mkdir directory

Using the specified path Cd path Cd path cd directory

From the Table 1, many Linux commands
typed at Shell prompts are similar to commands
typed in DOS. In fact, some commands are exactly
the same. Table 1 provides commonly used
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commands under Windows DOS prompts and
equivalent commands in Linux. The appendix also
provides a simple example of how to use these
commands at Linux Shell prompts. Please note
that these commands usually have many options,
and to further learn each command, please read the
relevant manual (man) page (for example, typing
man Is at the shell prompt can read information
about the Is command).

If the user inserts a USB drive or CD under
Windows, Windows may recognize them directly,
but in Linux, they must be mounted. Under Red
Hat Linux, the command mount is generally used
to mount devices. Mount lists all partitions of the
system.

B. Common software under Linux

VI is a widely used full screen document editor
in the Unix world, and it can be said that almost
any Unix machine will provide this software. Qt is
a cross platform C++graphical user interface
library produced by TrollTech in Norway. It
currently includes Qt, Framebuffer and the Qt
designer. Qt supports all Unix systems, including
Linux. It also supports WinNT/Win2000 and
Win95/98 platforms. Qt Designer is a tool used to
design and implement user interfaces that can be
used on multiple platforms. It can simplify user
interface design experiments.

KDevelop is a fast window development tool in
the X system. KDevelop itself does not include a
compiler, and it uses the GNU compiler suite to
generate executable code.

C. Design and Compilation of Qt Window

In order to have a more direct understanding of
Qt programming, here is an example for everyone.
Run Qt Designer, click on the menu File>new,
and create a new project. Select the save path and
file name hello.pro, then click on the menu
File->New, select C++Source File, confirm, and
enter the following content. Using the Qmake for
program compilation.

Name the source file hello.cpp. Then open the
terminal, enter the directory where the source file
is located. At this point, a hello executable file will
be generated. Then run it: #/ Hello. The results are
as follows in Figure 3.



International Journal of Advanced Network, Monitoring and Controls

‘ XML QByteArray ba = m_baRadioData ‘

Analysis Qdom Document

N
Document.setContent(true,&errorStr)!=NULL
Y
v

QDomElement root =
m_domDocument.documentElement()

root.tagName() = “MusicRadio™ N——»
Y
v

‘ QDomNodeL.ist radiotag:roonchiIdNodes()‘

uint j=0;
j<radio.length();

QString strRadioName=element.attribute("tag");
QString strRadioUrl=element.attribute(“url");
m_map.insert(strRadioName,strRadioUrl);

_Q*:j

Figure 3. The flowchart of the XML file parsing

As shown in the Figure 3, in order to provide
more convenient engineering management for user
applications, the system parses XML files. A

project includes pro, ui, ui.h and the main function.

cpp. Among them, the role of engineering files is
to manage all files and their relationships in the
current project, while the role of form files is to
manage various interface elements and their
properties in the form. In addition to reading and
writing to. ui files, Qt Designer also adds a form
ui.h file. It is a regular C++ file, mainly used for
customizing slot methods the ui.h file is the
responsibility of Qt Designer to maintain
consistency with the slots related to the form.
Whenever a user adds, removes, or changes the
connection of a slot to the form, Qt Designer will
automatically update it the content of the ui.h file.

IV PORTING AND DEBUGGING OF QT GRAPHICS
PROGRAM

A. Establishment of Qt/Embedded Development
Environment

Due to Qt/Embedded using Framebuffer as the
underlying graphics interface, in order to use
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Qt/Embedded [8]-[10]. It is necessary to start the
Framebuffer driver program. Because by default.
Linux does not configure frame buffer drivers
[11]-[13]. Therefore, it is necessary to enable
frame buffering under Linux. The specific
methods are as follows:

Log in with root privileges to the/boot/grub
directory, type the vi gruB.conf command to
modify the gruB.conf file. If you restart and enter,
you will see the cute little penguin in the upper left
corner of the screen, which indicates that Linux
has enabled the frame buffer driver [14-15].

B. The process of establishing a Qt/Embedded
development environment

Qt/Embedded can create different development
environments for different platforms. In this article,
as the ARM system is used, it is necessary to
establish an X86 development environment and
ARM development platform. The specific methods
are as follows. Here, the environment to run on the
X86 platform. Run the following command in
Linux command mode, it is show in Figure 4.

Qt Designer

@M form.h Hmain.cpp‘

Figure 4. Working principle of all engineering files

After working the Qt files, then run the
following command in Linux command mode.
The specific usage of compilation options is
feasible/ View the configure help and make help
commands. According to the developer's own
development environment, other parameters can
also be added to the configure parameters, such as
- no opengl or - no xft. The installation of QT/X11
is mainly to provide designer tools and qvfb tools
to QT/E.

In fact, the method for establishing the QT/E
environment of ARM is basically the same as that
for establishing the environment of X86. Just
because the libraries used on the ARM platform
and X86 are different, it is necessary to add
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corresponding parameters during compilation.
Here, it is necessary to:

If the program is written using an interface
designed by Qt Designer, the *. ui file needs to be

converted to*. h file and *. cpp file. Then write a *.

pro file (used to generate Makefile files), which
has a relatively fixed format.The basic format of
the hui. pro file is as follows. Here, runs the
application on the host. Before compiling and
executing QT/E, it is necessary to first set up the
TMAKE and QT/E LIB environments.

After entering the directory where QT/X11 is
installed and execute the program qvfb in the bin
directory. Then execute the QT/E program, the
corresponding program display will appear in the
window opened by the gvfb program, it is showed
in Figure 5.

| Bl Miew
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Figure 5. The execution result of hello

Compile programs for the development board.
Similarly, the first step is to set up the TMAKE
and QT/E LIB environments, with basic
parameters identical to those on the host. There is
only a difference when setting the TMAKEPATH
path for tmake and the LD-LIBRARY-PATH path
for QT/E. Need to convert:

C. The Embedded Development Board Control
Platform

Due to the design of the remote monitoring and
alarm system in this article, it is necessary to
display the data obtained from modules such as
USB cameras, temperature and humidity sensors,
human infrared sensors, light sensors, sound
sensors, etc. connected to the development board
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on a PC through a web page. Therefore, a web
server should be established on the development
board to enable it to run web programs, and the PC
can access the data on the development board. The
specific physical image is shown in Figure 6.
i =R

Figure 6. The specific physical chart

After the system is powered on, when the
network addresses of multiple modules are in the
same network segment, the modules automatically
form a network, and the coordinator automatically
assigns addresses to the routing. It can also be
configured through module configuration software.
If the module loses power, the network can be
automatically repaired after power on. Firstly, the
configured coordinator receives information from
the serial port and automatically sends it to all
routers in the network; After obtaining data from
the serial port, the router will forward it to the
coordinator; At this point, users can transmit to
each other through specified addresses between
any two routers or coordinators.

The Zigbee wireless transmission module
mainly achieves transparent data transmission
from serial port to Zigbee wireless through the
Zigbee wireless transmission module. It is based
on TI's CC2530 chip, which adds RF transceiver
and runs the ZIGBEE 2007/PRO protocol stack
internally, with all the characteristics of the
ZIGBEE protocol. For the complex Zigbee
protocol, the transparent transmission Zigbee
module embeds the protocol stack into the module
and, in conjunction with the UART to RS232
motherboard, converts the UART of the Zigbee
module into a standard RS232 interface. It can be
directly connected to the serial port of the
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development board to transmit and receive data
through the read/write serial port.

VV CONCLUSIONS

So far, our porting work has been successfully
completed. Qt has successfully run on our
S3C6410 platform. Due to the fact that embedded
systems belong to resource limited systems,
embedded GUI development must also consider
the issue of system overhead, which requires
careful analysis of specific applications to meet the
specific needs of users. Qt/Embedded continues all
the functions of Qt in desktop systems, with rich
APl interfaces and component.

This paper designs a monitoring system based
on wired transmission, a monitoring system based
on wireless transmission, and a wired wireless
joint debugging system. This system is a low-cost
network monitoring embedded system based on
ARM11's S3C6410 as the core. This system
utilizes embedded devices, such as the S3C6410
development board. The early warning system
studied through this ARM development board is
based on a pure alarm system. In addition, data
collected from human infrared sensors, sound
sensors, light sensors, temperature and humidity
sensors, and images captured by USB cameras are
sent through wired or Zigbee wireless modules to
determine whether an alarm is needed. And
porting the client to Windows by accessing the
development board to access the server meets the
needs of more users.
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