
  

WENYI ZHENG et al: A NOVEL APPROACH TO THE STRUCTURAL AND FUNCTIONAL DESIGN OF … 

DOI 10.5013/IJSSST.a.17.33.35                                            35.1                              ISSN: 1473-804x online, 1473-8031 print  

A Novel Approach to the Structural and Functional Design of Embedded Automatic 
Control Systems 

 
Wenyi Zheng1, Decun Dong 2* 

 
1School of Computer Science and Communication Engineering,  

Jiangsu University, Zhenjiang 212013, Jiangsu, China  
2The Key Laboratory of Road and Traffic Engineering, Ministry  

of Education, Tongji University, Shanghai 201804, China 
Email: dong_decun@sohu.com 

 
 
Abstract - With the rapid development of science and technology, the integration tendency of computer, communication and 
electronic technique has become more and more evident. Embedded technology which has been extensively applied in fields such as 
industrial control and intelligent instruments has become a current hotspot. Taking the constant temperature control system as an 
example, this study designed the external structure and internal environment of the control system by transplanting and remolding 
the microcomputer with embedded technology. Semiconductor chilling plate was used for adjusting the temperature of the system; 
temperature control was realized using PID integral separation algorithm. Qtopia was used for supporting human-computer 
interaction interface. The feasibility of the system in controlling constant temperature was verified. 
 
Keywords - Embedded; constant temperature control; Linux operation system; 
Qtopia. 
 
 

I. INTRODUCTION 
 

With the rapid development of modern electronic 
technique, embedded system has been extensively applied 
in fields such as industrial control, wireless 
communication and intelligent instruments [1]. Embedded 
system can fulfill specified tasks and functions by 
integrating the hardware and software of computers; the 
system is required to have small volume, good real-time 
capability, good reliability and high cost performance [2, 
3]. Therefore, for the development of embedded 
application system, it is important to select a proper 
embedded processor to integrate embedded system with 
hardware. The rapid advancement of computer technology 
promotes rapider development of embedded system; 
however, due to the different application targets [4], the 
development direction of the two systems has certain 
difference. Embedded technology, in nature, is 
customized, i.e., cutting on the software and hardware 
system of a computer. 

In-situ temperature is monitored by visual analogue 
scale based thermometer and dial thermometer previously 
and by digital and touching screen display intelligent 
thermometer currently [5]; besides, the requirements on 
temperature measurement become higher and higher. The 
traditional design of single-chip machine in constant 
temperature system has been unable to satisfy application 
demands [6]. Friendly human-computer interaction 
interface, remote monitoring, intelligent software and 
high-efficient data processing have almost been the 
common demand of intelligent systems. With the 
development of embedded system, embedded application 
system emerges slowly and it is bound to be the main 
force of intelligent systems in the future [7, 8].  

The designed constant temperature control system 
could keep constant temperature at the temperature 
between -10 degrees and 70 degrees, with an average 

error of ± 0.2 °C. In the design, a semiconductor chilling 
plate was selected as the executing agency for constant 
temperature control. The semiconductor chilling plate was 
featured by small volume, small quality and stable 
working condition [9]. A processor with fast reaction rate 
and low energy consumption and proper control 
algorithms were selected [10] to realize the control and 
display of temperature. 
 

II. OVERVIEW OF EMBEDDED SYSTEM 
 
A. The Definition and Characteristics of Embedded 
System 
 

Embedded system is a special computer system which 
centers on application and bases on computer technology 
and it has cuttable hardware and software and can satisfy 
strict requirements on functions, reliability, cost, volume 
and energy consumption. Embedded system which is a 
product of the combination of specific applications in 
various industries is a technology-intensive, fund-
intensive, highly dispersed and constantly innovated 
knowledge integration system [11].  

Differing from universal computers, embedded system 
is a kind of special application system. Generally, the cost 
of embedded system is minimized as low as possible, 
which requires hardware and software to be high-efficient 
and show a high performance in silicon slice per unit area 
[12]. High reliability is also required for embedded 
system; in poor environment (high temperature, high 
pressure, and moist) or in a situation of sudden power cut, 
Electric Power Storage (EPS) or uninterrupted power 
supply (UPS) can supply electricity and ensure the normal 
operation of the system. Many embedded applications 
require embedded operation system to have the ability of 
real-time processing. 
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B. System Composition 
 

Embedded system as a special computer system 
includes three parts. 

(1) The first part is hardware environment. It is the 
hardware platform for the operation of the whole 
embedded operation system and application program. 
Different application programs usually require for 
different hardware environment. The hardware section 
includes three layers, i.e., core processor, peripheral 
circuit, and external equipment [13]. Core processor, an 
important component of embedded system, is responsible 
for controlling the whole embedded system. Peripheral 
circuit composed of storage, input/output port, restoration 
and power supply constitutes a complete target system 
along with core processor. External equipment including 
storage device (e.g. flash memory card), input/output 
device (e.g. keyboard, mouse, liquid crystal display) and 
printing equipment (e.g. printer, scanner) are used for the 
communication between embedded system and real 
environment [14]. 

(2) The second part is embedded operation system. 
Embedded operation system is used for fulfilling the 
mission control of embedded application. It has simple 
kernel, is configurable, and is in a close correlation with 

high-layer application. The emergence of embedded 
operation system greatly improves the development 
efficiency of embedded system as well as the 
transportability of embedded support system and 
application software. 

 (3) Embedded application program. Application 
program operating on operation system achieves the 
functions of embedded application by means of the 
mechanisms offered by operation system. According to 
different implemented functions, different systems need 
different embedded applications. 
 

III. THE COMPOSITION OF CONSTANT-
TEMPERATURE CONTROL SYSTEM 

 
The constant-temperature control system designed in 

this study was composed of hardware and software. The 
hardware was composed of S3C2440 platform centered 
on ARM9, temperature acquisition system and 
refrigerating system. Software was mainly responsible for 
the construction of human-computer interface based on 
embedded Linux operation system and Qt/Embedded 
environment and the writing of temperature value display 
program. 

 
Figure 1: The overall framework of the constant-temperature control system 

 
A. Software system 
 
A1. Core controller 

 
S3C2440 microprocessor produced by SAMSUNG 

Corporation was used for processing, storing, 
communicating and displaying data. The processor 
provides users with a service with low cost, low energy 
consumption and high performance. S3C2440 processor 
featured by low energy consumption as well as simple, 
elegant and fully-static design has been extensively 
applied in the application design which requires high on 
cost and power sensitivity. 
 

A2. Storer 
 
Flash memory is a kind of storer which is repeatedly 

and electrically erasable and programmable and will not 
loss data after outage. Flash storer featured by low energy 
consumption, large volume and high speed is 
advantageous in the aspects of volume and impact 
resistance and can operate through a chip embedded with 
algorithms. Thus it has been extensively applied in 
multiple embedded systems. 
 
A3. Temperature sensor 

 
Platinum resistor has a good application in 
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temperature measurement as its resistance shows good 
linear property and high stability to temperature. Pt100 
platinum resistor was selected as the temperature sensor 
because the voltage on the two ends of Pt100 platinum 
resistor will change with the variation of temperature and 
the change of temperature can be calculated according to 
voltage changes. However, due to the small temperature 
coefficient of a platinum resistor, the voltage change on 
the two ends of a platinum resistor is not obvious [15]. In 
this study, the constant current driven operational 
amplifier - LM358 chip was used to amplify the voltage at 
both ends of the platinum resistor. 
 
A4. Analog to Digital chip 

 
Though temperature sensor signals are analog, it can 

also be processed by S3C2440 directly after collection 
and amplification. However, the AD of S3C2440 only has 
ten bits, leading to low precision, which cannot satisfy the 
requirement on high precision. The precision of the 
constant temperature system designed in this study was 
0.5 °C, the resolution of sampling temperature was not 
lower than 0.1 °C, and the corresponding voltage was 
0.0008 V. Therefore, AD38321 was selected. The chip 
has the advantages of high speed, low energy 
consumption and a maximum conversion rate of 100 KHz. 
In addition, it is simply connected and adopts a serial 
structure compared to the other chip circuits [16], which 
can reduce the resource occupation of S3C2440 processor. 
 
B. Software System 
 
B1. The Establishment Of Cross-Compiling Environment 

 
In the environment of Linux system platform, the 

compiling of BootLoader, kernel, graphical interface 
QtoPia, device driver and application program needs cross 
compilation tool chain [17]. The cross compiler used in 
this study was arm-linux-gcc-4.3.2; its installation and 
setting procedures were as follows. 

(1) Source code package arm-linux-gcc-4.3.2.tgz was 
copied to the location under tmp\root in Linux system; 
then decompression command, i.e., #tar-xvzf arm-linux-
gcc-4.3.2.tgz-C/, was executed. 

After the execution of the decompression command, 
arm-linux-gcc cross compiler was installed to the location 
under /usr/loca/arm/4.3.2 directory. 

(2) The routine of the compiler was added into Linux 
system environment variables and a command #gedit  
/root/.bashrc operated. 

The file of /root/.bashrc was edited and then Export 
PATH=$PATH:/usr/loca/arm/4.3.2/bin was added at the 
last row of the file of .bashrc. 

Exit after storage. 
(3) Login Linux system again (start – logout instead of 

restarting the machine) to make the above setting take 
effect. arm-linux-gcc –v was input into the command 
window. The cross-compiling environment was 
determined to be successfully installed if information such 
as gcc version 4.3.2 appeared. 
 
B2. The Compiling And Installation Of Bootloader 

 
BootLoader is the first fragment of code produced 

after development system is put into operation and also 
the key startup code for implementing memory space 
mapping and the initialization of hardware equipment. In 
addition, BootLoader makes a preparation for the calling 
of operation system kernel or user application program. 
There are many kinds of BootLoader, among which, 
Universal Boot Loader (U-Boot) is the most commonly 
used. U-boot can be compiled using GCC tool and 
Makefile organization. The specific procedures were as 
follows. 

(1) Makefile document under top directory was set and 
the corresponding development platform was defined; 

(2) Development board directory was established; 
SDRAM was configured; CPU frequency was configured 
to support S3C2440; the support of NANDFlash was 
improved; network card chip DM9000 was supported; a 
program with USB downloading function was added; a 
shortcut menu was added. 

 (3) The compiled target files were linked to U-boot 
mapping; kernel mapping and root file system mapping in 
Flash were copied into RAM space.  
 
B3. The Transplantation Of LINUX Kernel 

 
Currently, ARM9 also has MMU unit, which makes 

the transplantation of Linux system kernel simpler. As 
Linux2.6.28 system kernel can support the hardware 
target board of S3C2440 chip based processor well [18], it 
was selected as the Linux system kernel of the embedded 
constant-temperature system. The specific transplantation 
process was as follows. 

(1) Decompress Linux system kernel deb-src 
tar-xvzf linux-2.6.28.tar.gz 
cd linux-2.6.28 
(2) Modify Makefile after entering into Linux 2.6.28 

system kernel directory. 
cd 1inux-2.6.28 
gedit Makefile 
Modify compiling environment variables: 
ARCH   ?=   arm 
CROSS_COMPILE?=arm-linux-gcc 
(3) Cancel the verification of Linux2.6.28 system 

kernel on NAND Flash 
It is necessary to modify s3c2410.c as ECC algorithm 

of U-Boot and ECC algorithm of Linux2.6.28 system 
kernel were inconsistent. 

The file after modification was as follow: 
gedit driver/mtd/Nand/s3c2410.c 
NAND ECC HW and NAND ECC SOFT were 

modified into NAND ECC NONE. Save and exit. 
 (4) Add Linux2.6.28 system kernel to support Nand 

Flash 
1. Define and part Nand Flash 
2. Define s3c2410 Nand set function 
3. Define platform device function 
4. The addition of s3c device Nand into platform 

devices could be implemented as follows. 
static struct platform deviee*smdk2440 

devices[]_initdata={ 
&s3c device Nand; 
… 
}; 
(5) The transplantation of DM9000 network card drive 
1. The source file of the system kernel, i.e., 
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include/linux/dm9000.h was modified; a call-back pointer 
was added for dm9000 plat data function. Its function was 
to initialize pins correlated to DM9000 in S3C2440 
processor. 

2. The source document of the system kernel was 
modified; the call-back point mentioned above in dm9000, 
probe function was called.  

3. Define portinitdm9000() function as the entity of 
callback. 

4. DM9000 network card added equipment into the list. 
 (6) The cutting and compiling of Linux2.6.28 system 

kernel 
1. s3c2410 default setting that came with Linux2.6.28 

system kernel was copied to the root directory of 
Linux2.6.28 system kernel. The executive command was 
as follows:  

cp arch/arm/configs/s3c2410 defconfig.config 
2. Various functions of the kernel were configured and 

cut according to the application demands after entering 
into the root directory of Linux2.6.28. The executive 
command was as follows: 

make menuconfig 
Manual configuration was made under the form 

interface based on default configuration. 
3. The configuration was stored. Then Linux2.6.28 

system kernel and driver module were compiled and the 
driver module was installed. The specific command was 
as follows. 

make zImage  #compile Linux2.6.28 system kernel 
make modules  #compile driver module 
make modules install  #install driver module 
4. Generate the mirror image of Linux2.6.28 system 

kernel, and the command was as follows. 
./mkimage-A arm-O linux-T kernel-C none-a 

30008000-e30008000-n 
‘linux-2.6.24’-d arch/arm/boot/zlmage ulmage.bin 

 
B4. The Construction Of Root File System 

 
The installation of root file system is one of the last 

operations made during starting period of Linux system 
kernel. Root file system, an indispensable component in 
Linux system, contains the files needed by the operation 
of Linux system. According to the requirement of 
Filesystem Hierarchy Standard document, standard 
directory needs to be set in root file system [19]. 

Due to the limited volume of Flash storer used in the 
embedded system, a large amount of modules which will 
not be used in operation system could be simplified; then 
root file system was made. Then Busybox open-source 
tool was used to solve the problem. Busybox tool packed 
common commands and gathered them into an executable 
program, which greatly reduced the storage space 
occupied by file system. The transplantation process of 
Busybox-1.10.0 was as follows. 

(1) Decompress Busybox-1.10.0 source code 
tar zxvf busybox-l.10.0.tar.bz2 

(2) Enter busybox-1.10.0 file directory and modify 
Makefile. 

cd  busybox-1.10.0 
gedit Makefile 
ARCH  ?=  arm 
CROSS_COMPILE  ?=  arm-softfloat-linux-gnu- 
(3) Compile and configure the needed options of 

Busybox tool 
make defconfig # start using default setting and 

modify 
make menueonfig # start using window configuration 
(4) Compiling and installation 
make 
make install 
The compile program copied the generated file under 

_install directory. Then the transplantation of Busybox-
1.10.0 was totally finished. 

 
B5. Graphic Control Interface 

 
Qt/Embedded was developed by a famous Qt library 

developer in Norway. Trolltech Company released an 
embedded system oriented Qt version. Currently, most 
application programs based on Qt can be easily 
transplanted to Qt/Embedded platform. 

(1) The construction of Qt/Embedded development 
environment 

Qt/Embedded source packages, x86-qtopia.tgz 
operating on x86 and Qtopia operating on ARM processor 
were downloaded. Then the packages were decompressed 
into the corresponding file system of Linux system. The 
parameters of corresponding files were modified 
according to the transplantation of Qt/Embedded based on 
the development board of S3C2440. In this way, a 
development environment of Qt/Embedded (Qtopia) was 
established in the environment of Linux operation system, 
based on which, the control interface design of the 
constant-temperature system could be completed. 

(2) The control interface design of constant-
temperature control system 

Firstly, a window application program temperature.ui 
was set up using Qt Designer provided by Qtopia. Then 
the layout of the window was reasonably designed 
according to the actual size of NEC3.5LCD. In addition, 
window controls such as QTableWidegt, QPushButton, 
QCheckBox, Qpixmap and QLabel were added. 
 
B6. PID Control Algorithm 

 
Constant-temperature control process is a process of 

feedback control adjustment. Firstly, a deviation is 
obtained by comparing actual temperature and setting 
temperature; then temperature control signal can be 
obtained after the deviation is processed; the signal can be 
used for adjusting heating state and achieve constant-
temperature control [20]. The framework of PID control 
system is shown in figure 2. 
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Figure 2: The framework of PID control system 

 
Integral separation control was performed on the 

temperature difference signals using PID. The output 
value of PID controller was taken as the input control of 
the controlled object. The formula of constant-
temperature control algorithm is shown as below. )()()(
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The electrical signals of front end temperature 

collection and output module were processed using 
S3C2440 according to the integral separation PID control 

algorithm demonstrated above. When and only when it is 
within threshold range can the integral section play a role 
of eliminating the steady-state error of the system. 

 
IV. SYSTEM TESTING 

 
During testing, the actual temperature of the constant-

temperature area was measured using a standard 
thermometer after the varying temperature became stable. 
The testing data is shown in table 1. 

 
TABLE 1: THE MEASUREMENT RESULTS OF ACTUAL TEMPERATURE VALUES 

     Setting      
temperature 
Times of testing 

-10 30 40 50 60 70 

1 -9.98 29.7 40.2 50.1 59.9 69.7 
2 -9.96 29.8 40.1 49.9 59.7 69.6 
3 -10.01 30.0 39.7 50.0 60.1 69.9 
4 -9.99 30.2 39.9 50.2 59.8 69.8 
5 -10.02 29.8 39.8 49.7 59.7 70.1 
Standard deviation 0.021 0.179 0.185 0.172 0.149 0.172 

 
It could be known from the standard deviation 

calculated based on the measured temperature values that, 
the average error was smaller than ± 0.2 °C. 
 

V. CONCLUSION 
 

This study designed an embedded technology based 
constant temperature control system which took S3C2440 
processor as the control core and innovated the design of 
constant-temperature control system technologically and 
theoretically combining ARM system and embedded 
Linux operation system. The established development 
system ensured the reliability and facility to be tailored 
during the operation of hardware and software, which 
facilitates system upgrade. In addition, easily operated 
and friendly human-computer interaction interface was 
designed based on the development environment of 
Qt/Embedded. The test verified that, the control system 
operating stably could satisfy the demands of people. 
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