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Abstrac t: In the developm ent of an embedded system, it is necessary to build a com plete embedded operation system to

achieve a faster deve lopm ent pe riod of applica tion prog ram and dev ice driver. Above al,l it is im perative to construct U�

Boot�lead program. Once aU�Boo t�lead prog ram for the ope ration system kerne l is prepa red, the se lf�conta ined starting

environm ent is used to carry out the transplant o f uC linux. Th is is based on a S3C44B0 board. F inally, from the aspect

o f a transp lant onto a board, the transp lanting pro cess is sy stem atica lly analyzed and descr ibed by comb in ing w ith a hard�

w are p la tform.
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[摘要 ] � 在嵌入式系统开发中,为了加快应用程序以及设备驱动的开发周期,需要建立一个完备的嵌入式操作系统.首先,建

立 U�Boot引导程序是必不可少的.在 U�Boot引导程序为操作系统内核准备好环境之后,利用它实现了 uC linux基于 S3C44B0开

发的移植.最后,从板级移植的角度,结合硬件平台结构系统地分析和讲解了移植过程.

[关键词 ] � U�B oot, S3C44B0, uC linux,移植

� � R eceived date: 2008�06�18.

Foundation item: 863 Program ( 2006AA01Z110) .

C orresponding auther: Yang H ou jun, associate professor, f ield of study: com puter system structu re. E�ma i:l h jyang666666@ 126. com

� � S3C44B0X deve loped by Samsung is a 16 /32 b itR ISC embeddedMPU. It is based on ARM 7TDM I kerne,l

and isw idely app lied in Ch ina. TheARM7TDM I functionmodu le integ rates lo ts of periphery functionmodu le. In

add ition, it is a low �cos,t high�pow eredMPU wh ich is developed for handho ld equ ipment and other all�purpose
equ ipments. Due to the low �cost and brief design, it is useful for an application w ith h igh requ irement of cost and

pow er consumption
[ 1 ]
.

Th is sub ject uses processor S3C44B0X, wh ich is com�
posed of the core board and ex tensive funct ion modules. The

core board includes processor S3C44b0X, a F lash( 2MB) and

a SDRAM ( 8MB ) . The extensive modu les include a Flash

( 16MB) , two U ar,t a Jtag interface, a E thernet interface,

and d isp lay.

The funct ion structure is shown in F ig. 1.

Presently, uC /OS and uC linux are tw o m ain embedded

operating system s wh ich are based on non�MMU MPU
[ 2]
. Derived from Linux, uC linux keeps most advantages of

L inux operating system, and supports multitask. B esides th is, uC linux is rew rited in order to be the sam e w ith

non�MMU MPU, so its kernel is sm al,l commonly be ing used in S3C44B0 processo r. Therefo re, th is sub ject
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chooses uC linux as the operating system o f embedded system.

1� Cross Comp ile Env ironment

1�1� Introduction

� � C ross compile is a process of creating a target code that is created in a computer and run in another one,

through thew ay o f using compiler to cross compile a program. C ross development too lma inly includes IDE inte�
grated development env ironmen t andM akefile method

[ 3]
. No rmally, the app lication explo itat ion uses integrated

explo itat ion env ironm en,t kerne l compiling uses the later one. The final purpose of th is sub ject is compiling

uC linux kerne,l soM akef ile method is chosen.

The deve lopment env ironmen t includes b inut ils, gdb, gcc and g libc wh ich w ill be used fo r kernel com�
pile

[ 4]
. C ross compile too l cha in can be bo th self�made and downloaded. M ak ing a cross comp ile too l cha in is a

comp licated process and easily m ake m istakes. In order to succeed in compile kerne,l this sub ject chooses to

dow nload a finished cross compile too l cha in from interne.t

1�2� Construct cross compile env ironm ent

Because uC linux is the operating system which is needed to transplan,t it is necessary to insta ll a co rre�
spond ing cross comp ile too l before the transp lan.t Arm�elf�too ls- 20030314. sh is used here. Execute com�
mand. /arm- elf- too ls- 20030314. sh, and an uC linux�arm cross comp ile env ironment can be automat ically set

up in the host
[ 5]
.

W ith the installed too l� H - Jtag, the successful comp iled boo tloader can be loaded into F lash.

2� Bootloader Transp lant

Bootloader is the first prog ram after embedded system be e lectrif ied, w hich is a very important component of

embedded system. C onstructing or transplanting a Bootloader w ill bring lots o f conven ience to continue exploita�
t ion. Through Bootloader, it can initialize hardw are equ ipmen,t set up interna l spatia lmap, adjust hardw are and

softw are to appropriate situat ion and prepare proper env ironment fo r the transp lanting kerne.l The ma in ro le of

Bootloader is to load kernel image from host into board, then go to the kernel portal and startup the kerne.l

A ctua lizat ion of Bootloader depends on the hardware, and d ifferent processors w ith d ifferent structures have

different Bootloaders. In add it ion, Boo tloader actually relies on the specific configuration o f board, so transp lant

Bootloader a imed at deve loping board is becom ing more importan.t A t presen,t Bootloaderma in ly have B lob, v i�
vi and U�Boot in common use. Th is subject chooses U�Boot to transplan .t

2�1� Introduction ofU �Boot
U�Boot is an open source pro ject fo llow s GPL terms. In addition to all un iversal functions of Bootloader, U�

Boot also has severa l advan tages such as supportingmu ltiple embedded operating system kerne,l supportingmu l�
t ip le processor, h igh reliab ility and stability, and p lenty o f dev ice driver source code.

2�2� M emory space partition

Table 1� M emory spa ce partition

Con tent S tarting address Storage m edium

B ootload er 0x00000000 Flash

Im age load add ress 0x00040000 Flash

Kernel start address 0 x0c008000 SDRAM

Fs load address 0 x0c600000 SDRAM

� � Seek Table 1.

2�3� T ransp lantU�Boot
2�3�1� Startup flow analysis

� � U�Boot startup includes tw o phases, code of phase 1 is

def ined in f ile � star.t S�, wh ich includes the part of electrif�
ying system that executes at 0x0, conf igure reg isters and copy

phase 2 to RAM. Phase 2 starts atma in c, and it is to exam inem emory mapping o f system, read kerne l im age

and roo t f ile system im age from Flash to RAM, set up the startup param eter and transfer kerne.l

By th is token, transplant ing U �Boo t in allusion to S3C44B0 mostly just need to modify the hardware con�
figure of S3C44B0, and set up the startup param eter for kerne.l Besides, in o rder to ensure the kerne lw orks
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successfully, it is necessary to do some specificmodificat ions.

2�3�2� Transp lant analysis

Due to B2 board in U�Boot 1�1�4 adopts S3C44B0X processor. The transplant ofU �Bootw ill be consu lted

of B2 board.

1. Construct the board head filew lw44b0. h

� Change S3C44B0m ain frequency to 66

� Append RTL8019 netw ork card

# de fine CONFIG - DR IVER- RTL8019

# de fine RTL8019- BASE� 0x0a000600

� In o rder to save environm ent variab le into F lash, append Flash param eters

# de fine CFG- ENV - IS- IN - FLASH � 1

# undef CFG - ENV - IS- IN - NOWHERE

� Configure the size o f storage space and start address for SDRAM and F lash

2. M odify hardw are configurat ion

A ccord ing to S3C44B0 hardw are configuration, mod ify register va lue in function board- in.t

3. M odify startup file star.t S

S tart. S is the first file that theCPU processes, so it is important to ensure its stab ility. In order to ensure its

stability and reliab ility, som emod if ication should be done as follow s:

� De lete seven interrupt jump sentences, append jump sentences for seven abnorm al interrupts: ldr pc, ab�
norma l interrupt address

� Modify cpu- init- criti par,t change the value PLLCON which correspond to MCLK 66 to 0x7c041

4. M odify low leve l- in i.t S

Change REFRESH reg ister va lue to 0x9603 fd, refresh reg ister, and improper configure w ill impact serial

outpu.t

5. M odify the f ile conf ig. mk which under the board d irectory

In order to avo id conflict o f startup parameter and kerne l reflection, change TEXT - BASE to 0xc700000, let

it at the h igh address o fmemory.

6. M odify the f ileM akef ile wh ich under roo t d irectory

Con figure �CROSS- COMPILE� to �arm - e lf- �, so itw ill be compiled by the cross compile too.l

Thus, it has basica lly fin ished the transplant o fU�Boo.t F inally, execute �make B2- con fig� and �m ake�

command, then get �u- boo .t b in� f ile.

2�4� Down load u- boo.t bin to board

Compile and create �u- boo.t bin� f ile, and then use

H - Jtag too,l dow nload it into the board at 0x0. The seri�
al has ou tput and a ll funct ions it prov ided are usab le,

v iz. , transplant ing U�Boo t is successfu.l
F ig. 2. show s how U �Boo tw orks.

3� T ransp lant uC linux

3�1� Instruction o f uC linux

uC linux is a modificat ion of L inux, it is developed for non�MMU m icroprocessor and have been app lied

broad ly to non�MMU m icroprocessor such as ARM andM IPS. In o rder to app ly to non�MMU m icroprocessor, it

has been rew ritten, so it ismuch sma ller than L inux. In add it ion it keeps the advantages o fL inux like stability,

excellent netw ork ab ility and supporting file system.
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3�2� T ransp lant uC linux

Transp lant uC linux generally inc ludes three leve ls: structure leve l transplan,t platform level transplant and

board level transp lan.t

If the structure o f CPU wh ich is go ing to be transp lanted is d ifferent from any CPU tha t uC linux supports,

then mod ify related CPU structure f ile under � linux /arch�, this is called structure level transplan.t If uC linux

supports the CPU, create directory and w rite code under re lated system structure directory, this is called p latform

level transplan.t Lastly, if uC linux supports the CPU, only board level transplant is enough. Board leve l trans�
plant is creat ing re lated develop ing board d irectory under � linux /arch�, thenmodify it according to board.

uC linux has already suppo rted S3C44B0X processo r, so just need to do board level transp lan.t

Th is subject chooses uC linux�d ist- 20040408 to transp lan.t The linux�2�4. x in it is actually the kernel

2�4�20. A lthough it supports s3c44b0much w e l,l the patch �uC linux�20040408- ARMSYS. patch� is st ill nec�
essary, w hich is made according to s3c44b0.

Now presen t the transp lant process of uC linux in details.

1. Append 44B0 directory and file

C reate 44B0 d irecto ry under � vendors/Samsung�, copy all the file from d irectory 4510 to 44B0.

2. Pa tch the file

Copy the patch file to uC linux�d ist root f ile, and then execute the command � patch � p1 < uC linux�
20040408- ARMSYS. patch�.

3. Append the image file

M od ify �M ake file� under � vendor/Samsung /44B0�, append the related content about im age file, so � im�
age. rom� and � image. ram� can be go.t

4. M odify kernel configure file

A ccord ing to the id iograph ic configuration o f S3C44B0, mod ify the address and size of SDRAM and F lash,

ma in frequency and ex ternal c lock, and startup parameter � CONFIG - CMDLINE�. N eg lecting these w ill cause

kerne l runs irregu larly.

5. Append rom fs file system

Because of the shortage o f linux�2�4�20 for support ing rom fs f ile system, it is important to add rom fs file

system manua lly.

� Append related f ile image infomation

In order to create the rom fs file system, mod ify �M ake file� which under � vendor /Samsung /44B0�:

( CROSS- COMPILE ) ld � r � o$ ( ROOTDIR) /$ ( L INUXDIR) / rom fs. o � b binary$ ( ROMFSIMG )

� Modify the file � blkmem. c� under � linux�2�4. x /drivers/b lock�

Append variab les � rom fs- data[ ] � and � rom fs- data- end[ ] �. A nd append � { 0, rom fs- data, - 1}� in

order to po int the address rom fs p laced.

� Modify file � vm linux�armv. lds. in� which under � linux�2�4. x /arch /armnmmu�

Append rom fs. o, and capture its start and end address � � � � rom fs- data� and � rom fs- data- end�.

6. Append seria l driver

L inux2�4�20 kernel only implements simp le seria ldriver fo r S3C44B0X, so append ing seria l driver program

is importan.t

� Append configure option of seria l

Append seria l interface opt ion in the f ile � Config. in� under � linux�2�4. x /driver/serial�, in order to make

sure that it has the option w hen compiling the kerne.l

� Def ine serial port number

Append definit ion of � PORT - S3C44B0� in � seria l- core. h�, define the value to 38.

� Append ob ject ive file in �Makefile� under � linux�2�4. x /driver /serial�:
�153�

W ang L iw e,i et a:l T ransp lant uC linux Based on S3C44B0X Through U�Boot



ob j- $ ( CONFIG- SERIAL- S3C44B0X) + = seria l- s3c44b0. o

3�3� Con figure and compile kerne l

Compile and configure kerne l after finish the basic transp lan.t F irs,t execute command � make menucon fig�

under directory � uC linux�d ist�, choose � Sam sung� as producer and board � 44B0�, use � linux2�4. x� kernel

and � uC libc� library.

And it� s necessary to se lect the opt ions � Custom ize Kerne l Sett ings� and � Custom ize Vendor /U ser Set�
t ings�, wh ichmeans that the kerne l and vendor /user option w ill be configuredmanua lly.

Con figure filew ill be set to � config. linux. 2�4. x� and � config. vendor. 2�4. x�, then make sure the con�
figure and append other functions needed, m ain ly as fo llow s:

� The base address and size o f SDRAM and F lash de fined in the � System Type� options.

� Not ice de fin itions o fma in frequency and external clock frequency which under System Type options.

� Another point needed to pay attent ion to is � Defau lt kerne l command string� in General setup options.

Set up parameters w hich are used when startup kerne.l Set up it as� root= /dev / ram0 init= / linux rc�,
� root� designates root file system on � /dev / ram0�, set � in it= / linuxrc� in o rder to load roo t file system correct�
ly.

Thus, con figure of kernel is basica lly finished, according to pract ical circumstance to do other conf igures.

A fter tha,t execute commands o f �make dep�, �make lib- on ly�, �make user- only�, �make rom fs�, �make

linux�, �make im age� orderly, then the im age filew ill be generated.

3�4� Debug and down load

U�Boot prov ides two different operat ing modes: startup and loadmode, down loadmode. U nder startup and

loadmode, U�Boot loads and run operating system into RAM, users can� t intervene the process; under down�
load mode, U�Boot down loads kernel image and root file system into RAM from Host through commun icat ion

method such as serial or network. This mode w ill not eng ross too much memory space, th is sub ject use netw ork

interface to dow nload executab le file.

Insta ll tftp server in hos,t use the � tftp � funct ion,

dow nload � image. ram � and � rom fs. img� to RAM at

� 0xc008000� and � 0xc600000�, then implement � go
0xc008000� order and startup kerne.l

4� Conclusions

Th is paper describes transplant u�boo t lead ing proce�
dure and transp lant process of uC linux kernel that based on

s3c44b0, be ing master of the transplant process o f u�boot
and uC linux is important for subsequent equ ipment drive

transp lanting and w rit ing.

A ccord ing to the transp lant includes three leve ls, th is

paper particu larly presents the transplant process of uC linux from � transplant based on board� po in t o f v iew. In

add ition, pay attention to the relat ionship betw een so ftw are and hardw are during the process, it e licits subsequent

transp lant of other board, andmakes it easier.
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