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Abstract: The continuous improvement in development of Linux for the embedded system makes it secure, stable and 
reliable. Embedded Linux plays an important role in the embedded field. Linux has been widely used in embedded system 
due to its small size kernel, stable performance, versatility and low prize. This paper describes the transplantation of the 
Linux operating system as well as implementation of face detection system using USB camera based on the mini2440 
development board. The transplantation of Embedded Linux includes the development of cross compile environment, the 
compilation of boot loader, porting of Linux kernel and the construction of root file system. Then implementation of USB 
camera based face detection system on Qt creator for the mini 2440 board.  
 
Index Terms -- S3C2440 processor; Boot loader; Linux 2.6.32; Cross compiler; Qt creator. 
 
 
I. INTRODUCTION 
 
With all kinds of embedded mobile application its 
became necessary to acquire embedded test boards 
which will provide testing options to various 
embedded users. Friendly ARM 9 boards are very 
much useful for the same. We can implement various 
operating systems & create our own application with 
variety of peripherals available on the board.  
              Here we are discussing some of the aspects 
about image processing through embedded boards. 
Example taken here is dealing with face detection & 
recognition. Face detection will be done using haar 
cascade algorithm & Face recognition will be with 
PCA algorithm 
                The system uses the USB camera to capture 
images under the embedded Linux system platform 
which based on S3C2440 micro controls chip. An 
application is designed through Qt creator to enable 
the face detection system to run on the embedded 
board. Qt will make system interactive to be 
compatible with real time constraints through GUI on 
LCD display. 
 
II. HARDWARE OVERVIEW 
 
The core of system is the high performance 16/32 
RISC (Reduced Instruction Set Computer) S3C2440 
embedded microprocessor based on ARM9 
architecture. The USB camera is used which supports  
RGB formats for captured images. The block diagram 
of image acquisition system is shown in Fig.1. 

 
Fig. 1 :- Image Acquisition system 

  
The S3C2440 provides versatility of platform design 
by supporting 300,400 and 533MHz core speed. 
64MB SDRAM (Synchronous Dynamic Random 
Access Memory) is used to running the system 
program and user program. RS-232 is used to develop 
Linux host machine and the Ethernet is used for 
system's network transmission. S3C2440 mainly 
oriented to the handhold equipment as well as the 
application of high cost performance and low power 
loss. Its low power, simple, elegant and fully static 
design is particularly suitable for cost and power 
sensitive applications. It adopts a new bus 
architecture known as Advanced Micro-controller 
Bus Architecture (AMBA). At present it is generally 
used in micro controllers of the multimedia terminals. 
This processor has USB, SDRAM and LCD 
controller, camera interface. The advantage of 
S3C2440 processor is high performance and low 
power consumption. The USB camera having 
compatibility with RGB images capture capacity.  
 
III. SOFTWARE DESIGN 
                       
The first and most important decision to be made is 
about the version of the various software components 
to be used in the project. This includes the kernel, 
cross compiler and library and various binaries that 
may be required. This may require trial-and-error or 
the use of pre-packaged distributions. For this project, 
the versions used are listed in Table. These packages 
are available at multiple sites on the World Wide 
Web.  
 
Compilation of kernel  
 
Following commands have been executed for 
successful compilation of kernel 
 

1. “Sudo apt – get install gcc make binutils ncurses 
– dev perl  uboot mkimage ” 
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Binutis supports the process to initiate cross compiler. 
Apt-get install will help to download required files 
from internet, as it is internet application function 

1. “ sudo tar. Xvzf arm-linux-gcc-4.4.3.tgz –c ” 
 
It will help to unpack the compressed files that have 
been downloaded from the internet for specific kernel 
version to make it suitable for ARM9 platform 

2. “  tar-xvzf linux 2.6.32.2  ” 
 
It will unpack the compressed files of downloaded 
kernel version 

3. “  cd linux – 2.6.32.2  ” 
 
It will move inside the file system of kernel 2.6.32.2 

4. “  cp config_mini2440_a70.config  ” 
 
It will copy the files required for display ( 7 ” ) to 
make compiled kernel image fit to display 

5. “  make menuconfig  ” 
 
It will allow us to change the setting of kernel and 
disable the required divice drivers so that we can 
write our own device driver code After configured 
with the make command to the kernel, the kernel is 
compiled using compression so as to adapt to the 
requirements of embedded system.  

6. “  make clean  ”  
 
This command cleans up all object files, kernel 
image, and all intermediate files but the configuration 
information is maintained.  

7. “  make zImage  ”  
 

Build a compressed Linux kernel image. After the 
compilation, two kernel image files “Image” and 
“zImage” will be generated in arch/arm/boot 
directory. The kernel compiled with compression is 
very small and very suitable for embedded systems. 
Image is the normal size of image file, but zImage is 
the compressed kernel imagefile.  
 
IV. TRANSPLANTATION OF LINUX 
 
The detailed description of the different steps 
involved in transplantation of Linux has been 
presented in the subsequent sections.  
 
A. Porting of Bootloader :-  
Bootloader is a small program running before 
operating system kernel. Its main role is to initialize 
hardware equipment, establishing the memory space 
map and bring the environment of the system’s 
hardware and software to an appropriate state. The 
bootloader used in this paper is Universal bootloader 
whose acronym is U-boot. U-boot is highly 
customizable to provide both a rich feature set and a 
small binary footprint.  
                 The U-boot 1.3.2 downloaded to the target 
board’s RAM through the serial port connection, and 

then bootloader was written to FLASH on the target 
machine class solid-state storage device. U-boot is 
mostly used to load and boot a kernel image, but it 
also allows changing the kernel image and rooting 
file system stored in FLASH. 
 
B. Porting of Linux kernel:- 

The Linux kernel 2.6.32.2 is used in this paper. 
The compilation of kernel has following steps,  

 Download the Linux 2.6.32.2 tar.bz2 source 
package from official Linux website;  

 Uncompress the source code of Linux kernel;  
 Build cross-compiler environment on Linux host: 

The cross-compilation is: the use of certain types 
of machines running on the compiler to compile 
a source program and generate object code run 
on another machine. Download and install arm-
linux-gcc compiler, toolchain;  

 Modify the Makefile of kernel: Select the 
architecture as ARM and give the path of arm-
linux-gcc from the system;  

 Configure the kernel: make menuconfig , with a 
convenient menu-driven, user-interface, allows 
the user to choose the features of the Linux 
kernel that will be compiled[2].  

 Compilation of kernel: After configured with the 
make command to the kernel, Compile the kernel 
using the following command,  

 
#make uImage- Build a Uboot kernel image. After 
the compilation, three kernel image files “Image”, 
“zImage” and “uImage” will be generated in 
arch/arm/boot directory. Image is the normal size of 
image file, but zImage is the compressed kernel 
imagefile. The Uboot image is composed of zimage 
and the U- bootloader header file. Linux kernel image 
file zImage, which is to be transplanted to the target 
board.  
The generated zImage can be transferred to the board 
by TFTP (Trivial File Transfer Protocol) protocol. 
The tftpboot command makes U-boot to download 
the kernel image from TFTP server. The kernel image 
is downloaded to the RAM and then placed into the 
target system’s respected memory address. Finally, 
U-boot’s “bootm” command is used to start operating 
system images. The first argument to “bootm” is the 
memory address (in RAM, ROM or flash memory) 
where the image is stored, followed by optional 
arguments that depend on the Operating System. The 
model of cross-compiler environment is shown in 
Fig.2. 

 
Fig.2. The cross-compiler environment model 
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V. SYSTEM SOFTWARE DESIGN USING 
QT 

 
Software for system is designed using QT creator to 
provide GUI based interactive features to make 
system compatible for real time application. Project is 
created in QT creater such that it will allow following 
functionaliities so that face recognition system can be 
implimented. 
1. Face detection 
2. Face database storage 
3. Face Recognition 
 

For face detection algorithm has taken help of Haar 
cascad files for face detection. Database is stored     
with names ones face is detected by the algorithm. 
This process is treated as Admin mode operation for 
the system. For the user mode face recognition 
process is carried out with the help PCA algorithm 
which will match the face in front of camera with the 
database stored in the system. Further detection is 
indicated on consol of computer system attached to 
the hardware system. 
 
VI. RESULTS 
 

a) kernel compilation : 
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b) Transplantation of Linux on Mini 2440 

 
 

 
 

 
 

 

 
 
c) System Implementation 
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CONCLUSION 
 
An image acquisition & processing system is 
developed using the mini2440 development board. 
The process of transplantation includes steps such as 
compilation of bootloader, kernel & file system as 
well as making interactive system application using 
QT is done successfully. 
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