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Gomulu Sistem Nedir ?

Gomulu sistem, bilgisayarin kendisini kontrol eden cihaz
tarafindan igerildigi ozel amacli bir sistemdir.

Genel maksatli, ornegin kisisel bilgisayar gibi bir bilgisayardan
farkli olarak, gomulu bir sistem kendisi icin onceden 0zel olarak
tanimlanmis gorevleri yerine getirir.


http://tr.wikipedia.org/wiki/Ki%C5%9Fisel_bilgisayar

GOmulu Sistemlerin Avantaj / Dezavantajlari
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GOmiull Sistem Tasarimi — Ilk adimlar

Ne yapacagiz?

Aradigimiz yeri bulan, gosteren bir alet. Bir ekrani olsun,
ekranda yerimizi ve yolumuzu gostersin.

Navigasyon Cihazil..

Icin Neler Gerekir?
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GOmiull Sistem Tasarimi — Ilk adimlar

Konum Bilgisi

Istikamet bilgisi
Cografya
?7?7?
Sensorler Sonugclar
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Bilinenler Sunum




Gomulu Sistem Tasarimi — Sensorler
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Gomulu Sistem Tasarimi — Sensor segimi
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Gomulu Sistem Tasarimi — Sensor segimi

Ornekleme hizi
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Gomulu Sistem Tasarimi — Sensor segimi

Veri iletim yontemi

Sorgulama (Polling), Kesme (Interrupt)

Arabirim (Interface)

Paralel Arabirimler
Seri Arabirimler

USB, UART, SPI, IF'C



Gomulu Sistem Tasarimi — Sensor segimi

Paralel Arabirimler
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Gomulu Sistem Tasarimi — Sensor secgimi

Paralel Arabirimler
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Gomulu Sistem Tasarimi — Sensor secgimi

USB, UART

RxD | M Telephone M | RxD
U |e—— : | — ,|U
A 0 line 0 A
Computer | t——— d [ P d [«——{g | Computer
TxD IxD
. ¢ € T
m m
8 data bits
S s ~
D
of1fof1f{of1foOo1}0]]1
/ R _ T
. —Y . . -
Start bit 7-bit ASCII code Parity bit  Stop bit

LSB first (even)



Gomulu Sistem Tasarimi — Sensor secgimi

SPI (SSP) - Serial Peripheral Interface
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Gomulu Sistem Tasarimi — Sensor secgimi

SPI (SSP) - Serial Peripheral Interface

SCLE » SCLE SCLE ¥ SCLE
MOSI * MOSI SP SP MOS| * MOS| SP
SPI MISO | MISO Slave Master  MISO |4 MISO Slave
Master g5l p{ 55 5SS p S5
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MISO Slave MISO Slave
— ¢ S5 B S5

Independent Daisy Chain



Gomulu Sistem Tasarimi — Sensor secgimi
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Gomulu Sistem Tasarimi — Sensor secgimi
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Gomulu Sistem Tasarimi — Sensor secgimi

Diger hususlar

o Maliyet
 Boyutlar

o Glg Tuketimi

» Uygulama kolayligi

e Sensore 6zel kriterler



Gomulu Sistem Tasarimi — Sunum duzenekleri

LCD Paneller

v Hitachi HD44 780 Uyumlu Paralel arabirim
« RS232/UART uyumlu harici baglantilar
« SPI, 12C



Gomulu Sistem Tasarimi — Sunum duzenekleri

LCD Paneller - TFT

Yutaka
hospita

TOHO GAKU

18
Town plaza
building

320 Source Hatti

GRO GGO GBO

[Remainder| 253 «m | LI
[Total | 7.86km|m J

240 x 3 = 720 Gate Hatti



Gomulu Sistem Tasarimi — LCD w/ Controller

IL19325
320xRGBx240 LCD kontrolcusu
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Gomull Sistem Tasarimi — Sunum duzenekleri

LCD Paneller -
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Gomulu Sistem Tasarimi — Sunum duzenekleri

LCD Panel Zamanlamasi
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Gomull Sistem Tasarimi — Sunum duzenekleri

LCD Panel Zamanlamasi

1 frame (1 refresh cycle)

) Total LCD lines =
Vertical back porch Vertical front porch | _— VSYNC + VBP +
& VSYNC LCD Rows -
(VBP) (VFP) rows + VFP
1 row
(expanded)
Horizontal back Horizontal front porch Total clocks per line
HS5YNC purl::h (HBP) LCD Columns (HFP) = HSYNC + HBP +
_ Columns + HFP
1 2 3 4 21 6 X X X X X L
| | | | | | | LCD clock
L CD data
| enable
L CD data

Total clocks per frame = Total LCD lines * Total clocks per line



Gomull Sistem Tasarimi — Sunum duzenekleri

LCD Panel Arabirimi - RGB

DOTCK — »

HSYNC — »
VSYNC >

RGBRNnGnB
n

- RGB555 - 15bpp
- RGB565 - 16bpp
- RGB666 - 18bpp
- RGB888 - 24bpp



Gomull Sistem Tasarimi — Sunum duzenekleri

LCD Panel Arabirimi

LCD
; LCD panel
mt_erfan:e signals
signals 18bpp
24bpp
D23 Red S
D22 Red 4
D21 Red 3
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D19 Red 1
D18 Red O
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D15 Green 5
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reen
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D1
DO




Gomull Sistem Tasarimi — Sunum duzenekleri

LCD Panel Arabirimi

LCD
interface LE!] panel
: signals
signals 18h
16bpp pp
D15 Red 5
D14 Red 4
RS D13 Red 3
D12 Red 2
D11 Red 1
Red 0
D10 dk Green 5
D9 4k Green 4
GG D3 T Green 3
D7 4 Green 2
D6 T Green 1
D5 4k Green O
D4 M Blue 5
D3 J Blue 4
B5 D2 Blue 3
D1 ik Blue 2
DO T Blue 1
Blue 0

GND



Gomull Sistem Tasarimi — Sunum duzenekleri

LCD Panel Arabirimi - LVDS

Differential Clock — Differential Clock
Par A \{ ParA
Differential Data — Differential Data
Pair A0 [ {_| Pair Al
Differential Data Differential Data
Par Al [0 {1 Par A1
Differantial Data Differential Data
Par A2 E G Pair A2

—— Differential Data
—( Par A2
Differential Clock Differential Clock
ParB [ {1 ParB
Differential Data Differential Data
Par B0 ) {"] Pair BO
Differential Data Differential Data
Par B1 ) ] PairB1
Differential Cata Differential Data
Par B2 ) {1 ParB2
—— Differential Data
—{] Pair B3
GMCH LVDS Fanel




Gomull Sistem Tasarimi — Sunum duzenekleri

Note 2
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Saklama birimleri

MTD — Memory Technology Devices

Secura Clgital l

32 0mm

Flash ROM



Saklama birimleri

Flash ROM Karakteristikleri

» Uretimde tim bitler “1” olarak hazirlanabilir.

v Yazma islemi sadece “1” olan bitleri
“0” olarak degistirmedir.

« “0” olan bitler tumu birden ozel silme
islemiyle “1” yapilabilir.

v Yazma sayisi sinirlidir, 10.000, 100.000 ....

« Bir sure sonra kendiliginden bozulur.



Saklama birimleri

NOR Flash

Kelime (Byte, Word) bazinda okuma/yazma erisimi

Bloklar halinde silme iglemi.

NAND Flash

Sayfa ve blok bazinda okuma/yazmal/siime islemileri

Hata tespit ve giderme ic¢in ayriimis alanlar.



Saklama birimleri

Karsilastirma

Yogunluk Dusuk Yuksek

Okuma Hizli Yavas

Blok yazma Yavas Hizli

Guc tuketimi Yuksek Dusuk

0 km.de bozuk alanlar Yok Olabilir.



Saklama birimleri

Diger turevler

SDCARD, MMC, SDHC, SDX.....
Kompakt yapi, tasinabillir.

OneNAND
NOR benzeri NAND Flash.
Senkron erisim, farkli hardware, NOR software
Ozel mimari, yiiksek hiz, dahili ECC vs.

MovieNAND
MMC Arabirimi, chip kilifinda.
YUuksek kapasite ve hiz.



Donanim secimi

GPS Modulu

SIRF Starlll GPS chipset
Passive patch antenna

Asynchronous serial,
4800 bps @ TTL Level




Donanim secimi

Pusula icin Manyetometre

1C interface 400kHz




Donanim segimi

Pusula icin Hizlanma sensoru

MMAG900Q Block Diagram
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Donanim secimi

LCD Panel, CPU Storage

Al =~ - Gore loading

_TOHO GAKUEN. |

| oL

Town plaza ],8 . Tower
[, | buiding
‘CASA‘ \ fip
g — The central
k north

g ﬁr nort
o] 255 ) T
[ 7.5 rrrm
e——1E e =%

'-T RITHETILEE
T 55 RST

L R SR ..’n..."-..'t"."\.."..'r.::.t:.';'
LY T IV R NET Y R AR N

3.5" RGB Ifc., TouchScreen SAMSUNG S3C2440
NEC (compatible) ARMS9 Core @502 MHz
LCD/2D



Yazilim tarafi — BOOT Islemlers

BOOT Loader — ONYUKLEYICI

v Kesmelerin durdurulmasi
v Sistem saatlerinin (CLOCK) duzenlenmesi.
v Sistem belleginin duzenlenmesi.
v Cevre birimlerinin ilklendirilmesi.

v Aslil uygulamanin (OS) yuklenip isletilmesi.



Yazilim tarafi — BOOT Iislemleri

BOOT Loader — ONYUKLEYICI

:':—IUEd'Er """ - U—EIIHZ T Hemel

/O device
/, (Nand/MMC)
U-Boot -+ Kemel
ROM Code “¥|P" Memory mapped
| _ o
B e Peripheral
and o Kemel )sB/UART)

- -



Yazilim tarafi — BOOT Iislemleri

Linux Startup Code

start () Jarch/i388/boothead. 5
startup_32 () Jarch/i3B6/hoot/compress/ihead. S
\
decompress_kemel () Jarch/i38&/boot/compress/misc.c
startup_32 () Jarch/i386/kermel/nead. 5
start_kemed () JinitYymain.c
cpu_idle () Jinitfmain.c




Yazilim tarafi — RESET ardindan bellek haritasi

Qx 4000 0000 -

OM[1:0] = 01,70

Boot Internal
SRAM (4KB)

SROM/SDRAM
(nGCST)

0x3B00 OO0 ]

SROM/SDRAM
(nGCSE)

Qx 3000 D00 >

SROM
(nGCSS)

Q2800 000 L

SROM
(nGCS4)

Qo000 0000 -

SROM
(nGCS3)

0x 1800 OO0 -

SROM
inGCS2)

Qx 1000 D00 L

SROM
(nGCS1)

Qx0BO00 (OO0 -

Qx0000 OO00 —

SROM
(nGCS0)

[ Not using NAND flash for boot ROM ]

OM[1:0] = 00D
&
SROMSDRAM ZMBI4MEBMBMEMB
(nGC5T) I3ZMB/64MB/ 128MB
N _R-:vfnr o
Table 5
SROMSDRAM ZMBI4MEBMBMEMB
GCSE) fA2MBIs4MB 1 2BMEB
v
FY
SROM
(nGCS5) 128MEBE
b
&
SROM
(nGCS4) 128MEBE cn
¥ HADDR[29:0]
& Accessible
Reqion
SROM
(nGCS3) 128MEBE
v
Y
SROM
(nGCS2) 128MEBE
v
Y
SROM
(nGCS1) 128MEBE
b
Y
128 MB
Boot Internal
SRAM (4KB) v

[ Using NAND flash for boot ROM )




Boot loader

U-BOOT, VIVI ...

Genel amacli
Fazla buyuk
Gereginden fazla karmasik

X X X X

Bagimlilik sorunlari

Kendi bootloaderinizi turetin veya yazin.

Bootloader yerine dogrudan kerneli yiikleyin



KERNEL

LCD icin Framebuffer surucusu

LCD secerken RGB veya LVDS tercihi
Framebuffer isini CPU'ya yliklemek

MCU secerken Linux destegini gozetmek
Hazir FB sdrtcdlerini kullanabilme imkani

LCD + MCU i¢in tam Linux destegi

Kontrolcusu dahili LCD'lerden kacinin.



KERNEL — Framebuffer surucusu

v linux/include/linux/fb.h

fb_var_screeninfo
fb_fix_screeninfo
fb_cmap

fb_info

fb_ops

v fbmem.c

register_framebuffer(struct fb_info *fb_info)
unregister_framebuffer(struct fb_info *fb_info)

v linux/drivers/fb/skeleton.c



KERNEL — Framebuffer surucusu

v Frame buffer'in fiziksel adresini belirleyin
fb_get_fix()

v ioctl() icin gereken operasyonlari gergekleyin.
FBIOGET_VSCREENINFO fb_get_var
FBIOPUT_VSCREENINFO fb_set_var
FBIOGET_FSCREENINFO fb_get_fix
FBIOPUTCMAP fb_set_cmap
FBIOGETCMAP fb_get_cmap
FBIOPAN_DISPLAY fb_pan_display

v fb_set var()
Mod (320x240x8 gibi) degisimi gerekiyor mu?
Yeni modu hazirlayin, FB bit paternlerini belirleyin.
Gerekliyse “colormap” lar1 duzenleyin.
LCD kontrol registerleri yeni duruma gore duzenleyin.



KERNEL — BOOTLOADER

= —

Load address, size

e ]

Boot Configuration Header
Header

|
/
\

e P

\

http://www.slideshare.net/menonnishanth/linuxwithoutabootloader



ROOTFS

v Ext2, ext3, FAT32 ...
HDD ic¢in optimize.
NAND okuma/yazma limitlerine uygun degil.
FS yuku fazla.

v Yaffs, yaffs2, jfs, jffs2 ...

NAND/NOR vs. icin optimize.

Embedded sistemler icin kullanisli ekler.
On-the-fly compression, bad sector move..

Genellikle daha yavas



ROOTFS — Kernel konfigurasyon

CONFIG_MTD=y
CONFIG_MTD PARTITIONS=y
CONFIG_MTD CHAR=y

CONFIG_MTD BLOCK=y
CONFIG_MTD NAND=y

CONFIG_MTD NAND YOURBOARD=y
CONFIG_JFFS2 FS=y

CONFIG_JFFS2 FS DEBUG=0
CONFIG JFFS2 FS NAND=y




ROOTFS — Sistem dosyalari

v Sistem icin kokdizini
mkdir /nav_device_path/rootfs
cd /nav_device_path/rootfs
for | in sys dev etc bin sbin usr lib; do
mkdir $I
done

v Gerekli /dev girdilerini olusturma
mknod T MAJOR MINOR /dev/hede

v Init dosyalari

vi /etc/inittab
mkdir /etc/rc.d || vi /etc/rc.d/init-script



ROOTFS — Sistem dosyalari

LIBC

v Statik / Dinamik kullanim

v Cesitli varyasyonlar
GLIBC
EGLIBC
uClibc
dietlibc
newlib

android libc

http://www.etalabs.net/compare_libcs.html



ROOTFS — Sistem dosyalari

Grafik arabirim

DirectFB
GTKFB
X over FB
Micro X
SDL
Qtopia & Qt4/E



ROOTFS — Sistem dosyalari

Grafik arabirimler icin ipuclari

v RGBA yerine Palet tabanli GUI

v Gerekmeyen her seyi atin.
Bitmap'ler, ikonlar.
Kullaniimayan widgetler
Dil/’karakter destekleri.

Giris yontemleri
Hata ayiklama kodlari



ROOTFS - Gelistirdiginiz uygulamalar

v C en tasinabilir dildir, onu C++ izler.

v Uygunsa emulator kullanimi
QEMU, P-SIM ...

v Gelistirme kitleri / Embedded kartlar

1. Kodlama

2. Derleme

3. Emulatorle test / Gelistirme kitinde test
4. Prototip Uzerinde test.

5. Nihai uygulama imaji



ROOTFS - Gelistirdiginiz uygulamalar

USB erisimi
v USB Host, OTG destegi icin kernel...

v USB Device olarak...
Dogrudan kernel kodlama
GADGETFS (libgadgetfs)

USB Storage

UJSB Serial

USB Ethernet

RNDIS




ROOTFS — Gelistirdiginiz uygulamalar

S X X X

1°C erisimi

SDA

LT T

12C ' 12C A
Peripheral e FPeripheral
Device #2 Device #N

2
Peripheral
Device #1

Kernel surucusu gerekebilir !
Kernel surucusu, sadece bus icin sarttir.
Bazi 12C cihazlari kernelden desteklenir.

12C cihazlari icin, 12C Framework..
/sys/class/i2c-adapter

/dev/i2c-*



ROOTFS - Gelistirdiginiz uygulamalar

I°C erisimi

#include <linux/i2c-dev.h> // from i2c-tools

int file = open(“/dev/i2c-0”, O_RDWR);
If (file < 0) ERROR HANDLING;

Int addr = 0x40;

if (ioctl(file, 12C_SLAVE, addr) < 0)

buf[0
buf[1

buf[2

ERROR HANDLING; 3)
= DEV_register;
= 0x595;
= OxAA;

iIf (write(file, buf, 3) I= 3)

ERROR HANDLING;

if (read(file, buf, 1) 1= 1)

ERROR HANDLING;
1* i ifilNl — randoaAd hhwiioa */



ROOTFS — Geligtirdiginiz uygulamalar

SPI erisimi
CS — Chip Select problemi !

Kernel surucusu kullaniimalhdir.

Bazi MSSP'lar GPIO destegiyle hazir olabilir.

S X X X

SPI kontrolcusu yazmak en kolay yoldur.

http://www.jumpnowtek.com/index.php?option=com_content&view=article&id=57&ltemid=62



ROOTFS — Geligtirdiginiz uygulamalar

SPI erisimi

v Kernel surucusu hazir olunca

/dev/spidevB .C

B Bus (MSSP) numarasi.
C CS numarasi

v Kullanici erisimi IOCTL ile saglantr.
Documentation / spi / spidev
spidev_test.c


http://git.kernel.org/?p=linux/kernel/git/torvalds/linux-2.6.git;a=tree;f=Documentation;hb=HEAD
http://git.kernel.org/?p=linux/kernel/git/torvalds/linux-2.6.git;a=tree;f=Documentation/spi;hb=HEAD
http://git.kernel.org/?p=linux/kernel/git/torvalds/linux-2.6.git;a=blob_plain;f=Documentation/spi/spidev;hb=HEAD
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