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Abstract

Embedded system is defined as the device of executing limited
and special function and composed of embedded type on system.
Recently, embedded systems are interconnected by means of
network. Connecting type of embedded system forms network group
into embedded system collection of one division. And, it’s layer
construction consists of upper network group which is gathered
these groups.

Embedded OS is porting operating system in special purpose
hardware. In the first stage, system was simple, therefore operating
system wasn’t needed. But recently system has been complex, and
operating system concept appears to be important.

Embedded system must be satisfied with condition of ethernet
port, serial and parallel port, small size, low cost. Best operating
system of satisfying it in this condition is Linux.

This thesis is focused on network connecting technique of using
embedded Linux and implementing remote control system base
function using TCP/IP with manufactured target board. Analyzing
embedded Linux kernel consisting of process management, file
system, network management, device management, and we set up
data for the development.

In this study, it implements remote control system base function
using TCP/IP and StrongARM processor of INTEL INC. But, it
suggested potentiality of system implementation using other
processor embedded in Linux porting technique and establishment of
control system design.

As this system develops, we can transmit remote data in
embedded network environment of efficient and trustable. We
consider embedded OS can be easily embedded in 16 bit and 32 bit

processor.
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<Fig. 2-9> Device driver
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dutx o2 FEZH(boot loader)gt shH x86AE % 2ol A LILO
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EZ 7] aiA gAl Foll 2 e dAES B3 MA@ Er
run_command
_ ‘ BootKernel() ’——4 Reload() ‘ Flashel
RA‘:AG;”ﬂﬂé‘imp kernel, ramdiskS
Sa= o =
‘ boot ‘ ‘ reload ‘ RAMSS S At
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‘ clock ‘ ‘ reset ‘
‘ Download() ’——4 SetDownloadSpeed() ‘
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‘ flash ‘ ‘ status ‘
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‘ help ‘ ‘ serial ‘

<1¥ 2-10> main 229 FAE

<Fig. 2-10> Configuration of main source
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Embedded Linux HUB
Application-Driver SERVER
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AR 25 ]—

<9 3-1> A== e

<Fig. 3-1> Introduction of System
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start.S
main()
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run commnad
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I I I ]
Bootkernel() Bootkernel() SetClock() Download() Flash()

<Y 3-2> Al~dE BRIy

<Fig. 3-2> System booting process
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<3 31> vyE & A

<Table 3-1> Minicom environment setup value

R EE
Baudrate 115200bps
Data size 3

Parity None
Stop bits 1
Hardware flow control No
software flow control No

ofe] <2¥l 3-3>oA= B B=o RERY 9 7dE AP 93

nyEel Sds dAska = Aol
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<29 3-3> vyF Ay

<Fig. 3-3> Minicom Running
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ompiler]# rpm —Uvh gce—arm—2.95.2—12e4.1 . rpm
HHRHHHHHBH AR R AR R
HHRHHHHHHHHH AR

ompiler]# rpm —Uvh cpp—arm—2.95. - pim
###########################################

HHRHHHHHHHHH A AR R R
ompiler]# rpm —Uvh gH—arm—2.95.2—12e4.1386. rpm

HHRHHHBHHHHH AR A R AR

HHRHHHHHBH AR R R R R
ompilerls [

<9 3-4> AR~ Asdy 37 HA

gl (e}

<Fig. 3-4> Cross-Compiler environment setup
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ERYE PCE g5 7149 Y dd& Fxddoh
ada, gus AdS s WS te oA mekoR fhoh
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ARM A& 33
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o StrongArm-§ A E T3}
o Bl HEE 9% sjXE At Gt
olgl <19 3-5>= Ade Ax #HAo|t}
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<9 3-5> Ad Ax AA

<Fig. 3-5> Kernel setup process

324 g&=2= #A

Bl HEs [P Fa7F aA=o] g4 Fornw og seow st
AY IP FA4E Aoz gyrtolop st=d| IP T+4E TEHE Ad+

BOOTP(Bootstrap Protocol)®t DHCP(Dynamic Host Configuration
Protocol)7} 1t} ©]F BOOTPE vi$- st T2 & fd oz g

FoJeng FERUS B T2 aAd oS AMSS.
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Odde maturity level options ——>

<719 3-6> Menuconfig T4

<Fig. 3-6> Menuconfig configuration



AE= #2219 olHUl MAC o =4
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2 BOOTPSt TFTPE Z§ste] AHE3l7] Wjio] S 2EdA B
HEZ AF¥s A= 1P i K
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grep bootpd
p bootpd

<% 3-7> BOOTP dH+
<Fig. 3-7> BOOTP daemon
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(oot

Resive Aaddr
TFTP RFegue
ALL DATA

EZBOOTH ]
<719 3-8> TFTP A% &4

<Fig. 3-8> TFTP transmission environment
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3.3 SA-1110¢] &4 % =9 74

3.3.1 SA-11109] &4

(1) INTEL SA-1110¢] 54

StrongARM-2 INTELAFolA ARMA oS Alg3to] ASICS &3
ol AR AEZ Y 2 A SA-110, SA-1100, SA-1110¢] F7F7F Sdth

Ug <29 3-9>& SA-11109] W tho]oj 13olty,

——————————————————————————————————— 1 Intet®
I | | Insiructions N | StrongARM
| s | | ¥y || Sadifo
4665 | : Y _1éﬁkgm Po | Mieroprocessor
| |<_.| ) ).(_
MHz | P~ :I s { yies) ARME :
— | SA-1 ITAG
32.76E - | I_l"_“ Dcacha Pucelr s |
08 | i Cora and  [a—
KHz I - : e {8 Koyles) I Al
| | | Kincache | Taal
| - 1 ! |
I RIC I : LoadiSiore Dela I
| 35 Timer : " L :
C:—'— General- | : |
[T | Pupaoss 0| Wit Read I Leo —
: Interrupt | ! : Butfed Bl : Canlroller —
i Contraller | 1] |
I Power T T T T T T T i
I Manasgement | | Sysilem Bus
R
| roder 1) A
[ | Bridge Contraller
Memary and
PCMCIA
Conlrol Module =
Fenipheral Bus
[ LI 11 11 | |
Eerial Berial Herlal Sernial Serlal
Channel O Channel 1 Channel 2 Channel 3 Channe 4
ube ERFCLEAUART Iri LaRT CODEC
h 3 [ [
¥ Y ¥ Y Y

<% 3-9> SA-11102] ¥ toloj 1 ¥
<Fig. 3-9> Internal Diagram of SA-1110
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M, Yol ARM ZolE Wsta s vk of
22 ¢} PCMCIA AlojnEs % F
of A¥st B AHYs 7 w2 AHE AL

AN Aol ol C Adoj¥nt ofg}, o]l E 9} o] T2
e 7T  Ae A Agste] Ao FEES ST

T SA-1110¢] 548 A9 @ slojn?io

- 32-bit RISC processor Core

%
i3
ox
~
i
e U
o
ol
ol
k]
hoss
2
>

- Low Power 400mW

- 256 mini-ball grid array(mBGA Type)
- 3.3V /O Interface

- Integrated Clock generation

- Power-management features

- Big and little endian operating modes
- 32-entry MMUs

- 32-bit command and data cache

- Write and read buffer

(2) INTEL SA-11109] wi==2] 9 wjx
SA-1110¢] Wxe 3k ZA F4 die 993 PCMCIA X
gl G4, W dAEH g9, tolud wEy J9, A d9e=
A <9 310> SA-11109] e e ey
- A wRe 49 @ ROM, Flash, SRAM 22 A A7t 44
gl 993 Ad A7 283 /0O 492 ydu o 99

< 0x00000000H ~ 0x20000000H, 0x40000000~0x500000002-%

w
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o
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Resarved (384 Mbytes)
Cacha flush replacement data
Zeros Bank (128 Mbytes) } Raads return 260
4 128 Mbytes
DRAM Bank 3 (128 Mbylas)
DRAM Bank 2 (128 Mbylas) Dynamic Memory Intarface
512 Mbwytes
DRAM Bank 1 {128 Mbytas)
DRAM Bank 0 (128 Mbyles)
OhCOD0 0000 E.
LCD and DMA Ragistars
(258 Mbylas)
Memary and Expansion Registers
(258 Mbylas) .
Intesrnal Ragistars
System Control Module Registers 1 Gbyte
(256 Mbylas)
Paripheral Control Module Registers
{256 Mbylas)
Oh000 D000
Raserved (T68 Mbytas)
OhS000 0000
Stabc Bank Select 5 (128 Mbytes) ] Statlc Mamary o Viar abbe
Latency 'O Inleracs
Static Bank Salect 4 (128 Mbytes) 256 Mbwtes
OhA 000 D00
PCMCIA Sockal 1 Spaca
(0 ME:yios) PCMCIA Interface
512 M
PCMCIA Sockal 0 Space .-
(258 Mbylas)
Oh2000 0000 E
Stabic Bank Selact 3 (128 Mbylas)
Slatc Bank Salect 2 (128 Mbytes) Static Mamary Interface
(ROM, Flash, SRAM)
Static Bank Select 1 (128 Mbytes) 512 Miwtes
Slatc Bank Salect 0 (128 Mbytes)
OR00D0 0000 E

<14 3-10> SA-1110 W2 %
<Fig. 3-10> SA-1110 memory map

Ao #elE 9o ol 0x00000000FH  0x800000007

T Ay AZES OV HANE Fold FE & FHl
dgatA "k 2t 49 A7]= nCS S o] &ate] A
thH 128Mbyte ©+97F Ft} StrongARMell A A EH+= 9% 2
Hlolze o] Fte] ddsteof Fth. 53] =¥ tnjolxztHd
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0x18000000 (nCS3), 0x40000000(nCS4), 0x48000000(nCS5) <4 <
of AAsto]oF gt
- UlF dA 2 99 o StrongARMO] U F-ol gAlE tule] A=
0x80000000~0xC0000000 < el &= of Ut}

- gholuy] w2 9 (DRAM 4 9¥) : dultj= Alxwlof] ALE3l=
RAMSY & 2 2 0xC0000000~0xE00000000] &Hxo] Q). o] &3+

= WA AR Yol A=l 742 128 MByte & 3Fs ZEEth

3.3.2 CS8900A 9] &4

CS8900A= Cirrus LogicAte] ol HAEEZ]o]t}. CS8900A=

IEEE 8023 oyl EF< @dshsl Agstan glom, oty Zad
FpAe BE WS AEYT 5 drh Y] BE ofdEa NE
StoqlElsel o] WRF BAY HEE TP glo] bR A%
NEE AL Aot bsd AS gl & F AE FA
2 e,

& CSB8I00AS] 54 Awd Aoln]

- Single-Chip IEEE802.3 Ethernet Controller with Direct ISA-Bus
Interface

- 55mA Maximum Current Consumption

- 3V Operation

- On-Chip RAM Buffers Transmit and Receive Frames

Programmable Transmit and Receive

- Boot PROM Support Diskless Systems

LED Drives for Link Status and LAN Activity
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- Standby and Suspend Sleep Modes
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Control RAM 4 Receiver
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Logic PLL Al E
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8023 ‘—T AN G 3 Unit
Mamory MAC Collision E Interface
Manager Engine Boundary Power (ALI)
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\/ Test Logic ag Receiver

<29 3-11> CS8900A 2] W+ t}o]o} 1)
<Fig. 3-11> Internal diagram of CS8900A
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333 3 =29 T4

<OE 3-12>= HUEI R &5 volojadlE yEd Aot 37l
o] HglE ¢35t StrongARM SA-1110S AF&3om, Al=®le] w
2 We <oy 3-13>0A] A= o

0xC0000000+F-H 0xE0000000°] ¥ RAM Ao 2Ads Adx
ramdisk ©|"[A| & ThE =38}t

aela, Ao A FEeldER AojE 9ty dolHE AFsta, =
ol AE Al =" EHAA o 7|3t WAA 9 AFH PP 9
H4 2 ARE skt

22 A =9 CS8INVALE Ea Aol 2 0x100000000] i E o] gl
nCS20 4353t Al0:25]%= 0x000E 7| EF4A2 AFEstal gloer=
BUSZ Yrbe= 84l F4+ 0x100000000] o

LCD #id-& &4 4 0x080000000] wisg= o] = nCSlel <

Asget.
<} 3-2> B RE Hxg g
<Table 3-2> Target board memory map
CONTROL
PART MEMORY AREA
PORT
kernel image 0x00020000 nSDCS0 Flash
as
ramdisk image 0x000E0000 nSDCS0
kernel image 0xC0005000 nCS0
. Memory
ramdisk image 0xC0100000 nCS0
CS8900A 0xDC000000 nCS2
LCD =g 0xD&000000 nCS1
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LCD

{}
RS232 <}:{> {} {;

CS8900A Intel 32M 16M
StrongARM SDRAM Flash

SA-1110

Power 32M
Manager SDRAM

<29 3-12> HUHi R EEE

<Fig. 3-12> Evaluation circuit block diagram

Reserved
Boot Loader
DRAM and
Zeros Bank
ramdisk
kernel
0xc000 0000 4—— Download()
Registers
0x8000 0000
Reserved
0x5000 0000 Flash()
Static Bank and
PCMCIA
0x0036 0000 -
ramdisk
0x000e 0000
kernel
0x0002 0000
0x0000 0000 Boot Loader

<2¥ 3-13> HI7E3 29 SA-1110 " =28 o
<Fig. 3-13> SA-1110 memory map of evaluation board
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<Fig. 3-14> System transmission procedure
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B =RoxE EEo LCD H4ES =3 AxzE A48
o} ol <29 3-15>+ H7F3 2ol A AFESE Al~El g

Socketl| M4
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Socketl] F=4

QL HE MF

!

Socketo] A&
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Yes
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M S E Packet X2l
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LCO Lol =

<19 3-15> HI/II R 3 EEE

<Fig. 3-15> Flow chart of evaluation circuit
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<71¥ 3-16> Ping H2E A3

<Fig. 3-16> Result of ping test
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<Y 3-17> M Fxu A A

<Fig. 3-17> Loopback test result of server

<19 3-18> FeoldE 2z A

it
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<Fig. 3-18> Loopback test result of client
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ke

<a¥ 3-19> duiv= g5 ¥y Ax

<Fig. 3-19> Result of Embedded Linux

<Oy 3-200% 94 AAAAAH FRE FEs HrtsE ARl o]y,

<1y 321> FEE A" Hrh Aot
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<1¥ 3-20> HbE e AR

<Fig. 3-20> Photography of evaluation circuit

__ oD

=T 10]
Server _
Client
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<Y 3-21> Al=#e] Hrl Azt

<Fig. 3-21> Evaluation procedure of system
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<9 3-22> AloHE dAF

<Fig. 3-22> Control command transmission and response
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