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Abstract

Recently, embedded processor systems have been widely used in the field of information communication devices and
increased its use range and influence. The embedded systems are offered variety of functions, and its operating systems
have been developed to make them easy to repair and maintain. Especially embedded linux is very cheap and provide a
lot of equipment drivers. Also we can set up our own system because the source code is opened. In this paper, we
describe the implementation of Touch panel and TFT-LCD device driver that are widely used for multimedia application.
We designed the system hardware by using Altera Nios II embedded system. And we implemented the device drivers of
frame buffer, touch panel and i2s based on uClinux for multimedia application, and tested actual operations of the
integrated system.

Keywords : Nios II embedded system, device driver, uClinux, embedded linux
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#> sudo tar jxfv nmios2gcec—20080203.tar.bz2 -C
#> cd /root

#> vi .bash_profile
“PATH=$PATH:/opt/nios2/bin” 57}

#> source .bash_profile
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#> tar jxvf uClinux.tar.bz2

#> cd uClinux

#> tar jxvf uClinux-Dist.tar.bz2
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Fig. 6. Initial screen of menuconfig
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menuconfig® 233t}
# > make menuconfig
Kernel/Library/Defaults Selection -->

—-- Kemel is linux-2.6.x

Libe Version(None)

[ 1 Default all settings

[*] Customize Kernel Settings

[*] Customize Application/Library Settings

[ 1 Update Default Vendor Settings

g2 Ad By i address offsetd of#) oA A
Aol 7H58kt}. zimage load address® Al2¥19] sdram base
address + link address offet’} ®t}.

Processor type and features ——>

**x* Platform dependant setup ***

(0x00500000) Link address offset for booting

1) Device Driver 2 File Systems 43
* Ethernet IP Driver
Networking support ——>
Networking options -->
[*] Packet socket
[*] UNIX domain sockets
[*x] TCP/IP networking
Device Drivers -->
[*] Network device support ——>
{*] Ethernet (10 or 100Mbit) -->
[*] SLS MAC Support
« NFS
File Systems —->
[*] Network File Systems ——>
[+] NFS client support
[x] NFS client support for NFS version 3
* VGA IP Driver
Device Drivers -->
Graphics support -->
{*] SLS VGA IP Support
» Touch Panel Controller IP Driver
Device Drivers ——>
Character devices ~—>
[+] SLS TPC IP Support
« 12S IP Driver
Device Drivers —->
Character devices -->
[*} SLS I2S Support

* UART Driver

Consol Hute]2=& JTAG UART$} Serial UARTE $Al°l
AHEE 7 flth

whek JTAG UART AHS d8ithd thes} Zo] 4480,
Device Drivers ~->

Character devices -->
[*] Altera JTAG UART Support
[*] Altera JTAG UART Consol Support
THF Serial UART 8-S 9¥cd SOPC Builderol A
Serial UART 7|4 Baud Rate : 115200, Parity : None,
Data Bits : 8, Stop Bits : 12 AA3s}a, thg-3 go] A4
1=
Device Drivers ——>
Character devices ——>
[*] Altera UART Support
(4) Maximum number of Altera uart ports
(115200) Default baudrate for Altera UART ports
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» Touch Panel
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[*] touch panel
+ JPEG Viewer
Miscellaneous Applications -—>
—-Video tools
] JPEG Viewer
« MP3 Player
Miscellaneous Applications -->
~~Audio tools
[*] MP3Play
* NFS
BusyBox -->
Linux System Utilities -~>
[*] Mount
[*] Support mounting NFS file systems
Networking Utilities —->
[*] ifconfig
[*] Enable status reporting output (+7k)
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Table 1. Low level file input and output

functions
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Fig. 13. Structure of frame buffer driver
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Fig. 15. Touch panel circuit diagram
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Panel =glolHo] At A4d FE S TPC_fops 732

AE Z38) user applicationd] Ag A},

Touteh
Appiicatio

Hardweara Xernet Application

2% 102. Touch Panel tlulo]~ =gloln] =
Fig. 18. Structure of touch panel device driver

46 2S dulo}x celoly 7@

2SE F2 IC7¢ Digital Audio® A$3t7] 948 Qe
olzoltt. B4 2349 2deE ALdr] Hd 3oz
71874l A} 7| Z8<l SCK(Serial Clock), AdE& ¢
u]8h= WS(Word Select), HA4l 2tjQ HoJg SD(Serial
Data)2 T/de] ®Hrclh

1Y 192 Audio Codec®] 3ZToln, [2S EXoE 97
L z9e HA2=HE AGsA At

¢ 103. WM8731 2%
Fig. 19. WMR8731 circuit diagram

39 202 WMS731 Audio Codec®] #AAE wojch

x0C Da!a \mdthofthe mputéata

BUFF_ADD

23 104. Audio Codec #|X2E =
Fig. 20. Register map of audio codec

a9 21 i2s E dFoA FEE tulo]x =glolnlg F
2t Aot uClinux7t ¥ 8 ¥9H struct platform_device *dev
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¢ #& ez 125 Controller?] ZHEL HAIHL
platform_device XA A= FX9 ol ID, Blax JR F
o] A5 HEJ BHE 9 platform_deviceZ A€ A
Eol /b WA A4Hm, o] FRA ol struct resource
FZA7F 3l struct resource FEA ) 12S Controller?]
A 267 U3d 499 93 F4E vEd #gdch
register_chardev #4& 3&3t9 125 tulola Zglol¥ &
Aol &8 3, static struct file_operations sls_i2s_fops T+
ZA& o]43t9 application® QA3

= 125 Conyolier Plationn &3

= platform_device PR YR OB, 1D, b
ZiaAYE SOl N

= sinct resource P XA E HEESY
HHAEA HEE Yoo 2] T4 oY

i

R

s rogsir chantey BAE SEHO P
Haol 52

i

VAT

= static smct%legpemﬁobs slS_ﬂs_fops L
F2HE 0{850f application®} $Y

29 105 128 tutolx =ehold F3 ¢4
Fig. 21. Operation sequence of I2S device driver

a2y 2¢ I2S dulolx =golule HA Fzolth user
levelol Al A% dlolH ¥ sls i2s_fops TZAE o] &3ld
“Ydev/i2s"eHe =EE BE 12S tulola Zglojueo A4s
), 125 tinte]lx =FZolWE I2S ControllerE 3] WMS731
codec J& HAHTL

Hardware Kermnd

g 106. 12S tiulol A Egloln] P&
Fig. 22. Structure of 12S device driver

V. Ad 2 d

2 =FdAe dEvte 88 9% Nios I gWig=
T2 AN A2"9 yClinux tulelx =go|W & 73

dErgo] $&40 RHYoR »ojx, 7 LTV B2
Touch Panel®} TFT-LCDE AH&37] £33 dulo]s =glo]
HE FH3Y 252 Ad oluxE wrEen, Nios I 7}
w Rod ¥ 3t JPEG Viewersd MP3 Playerg o] &
st HA F3& HZ=E 33th

51 48874
¥ =89 d¥ME Altera Cyclone III 3C25 tiute]2s}
AR NEHEE AMREe F3E H2ESAT =] A
o= Altera Design Suite 8.08 AE3lHon], AIZTEHo]
/-2 RED Hat Fedora 7 718t uClinux Kernel 2.6.27 rc-4
£ A
%2449 873

Table 2. Experiment environment

"B Development Board : Altera Nios II Embedded
Evaluation Kit, Cyclone HI Edition
» =g} g Qe 71 Quartus 1T 80
p A2xEde] A4t - RED Hat Fedora 7 714 uClinux
Kernel 2.6.27 rc—4

» Z=ZAA : Nios IT / Full featured (150MHz)
» Flash memory : 16MB

p SDRAM : 32MB

P Audio Codec : WMB8731

P Touch Panel : AD7843

P TET-LCD : 4.3 inch (800x480)

0¥ 232 £ =844 78S dulols =golHE HLES)
7] $35 29154 AolES Cyclone III FPGAZF 434 Nios II
B eoitt, Frame BufferZ ol&3lo JPEG 218 9%
LCDel &dsla 9ok

ag 23 AA Aladg FA
Fig. 23. Configuration of entire system

52 49 dAx ¢ 4%
5.2.1. uClinux %

279X 9t 2ol Quartus I+ SOPC Builder® A A& 3=
]88 FPGASl A3at. 337 o] uClinux-Dist Ad ol
v AE #Hod HHE 53 AMF F Nios I Command
Shell*] A nios2-download & & E3) €7 ®B=¢ SDRAM
o &2 =3, dle|HEuld Aol uClinux % ®A| A7}
Egdh
<Nios II Command Shell &>
/> nios2-configure media_player_hw.sof
/> nios2-download -g zImage
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uClinux/Nios 1l
Built 1 zonelists in Zone order, mobility grouping off. Total
pages: 8128
Kernel command line:
PID hash table entries: 128 (order: 7, 512 bytes)
Dentry cache hash table entries: 4096 (order: 2, 16384 bytes)
Inode-cache hash table entries: 2048 (order: 1, 8192 bytes)
Memory available: 29960k/2511k RAM, 0k/0k
ROM (1413k kernel code, 1098k data)
TCP bind hash table entries: 1024 (order: 0, 4096 bytes)
TCP: Hash tables configured (established 1024 bind 1024)
TCP reno registered
NET: Registered protocol family 1
io scheduler noop registered
io scheduler deadline registered (default)
FBO: slsfb frame buffer device for SLS VGA
FBO: 800x480x65536 at 0x85000000
Registered SLS Touch Panel Controller(TPC) with 240 Major
Number
sls_i2s registered
sls_i2s: probe of sls_i2s failed with error 1
ttyS0 at MMIO 0x2000140 (irq = 6) is a Altera
sls_i2s registered
sls_i2s: probe of sls_i2s failed with error 1
ttyS0 at MMIO 0x2000140 (irq = 6) is a Altera
UART
console [ttyS0] enabled
sls_sd_dev_setup :Major number 3 was ok
TCP cubic registered
NET: Registered protocol family 17
Freeing unused kemel memory: 892k freed (0x194000 -
0x272000)
Shell invoked to run file: /etc/rc
Command: hostname uClinux
Command: mount -t proc proc /proc
Command: mount -t sysfs sysfs /sys
Command: mount -t usbfs none /proc/bus/usb
mount: mounting none on /proc/bus/usb failed: No such file
or directory
Command: mkdir /var/tmp
Command: mkdir /var/log
Command: mkdir /var/run
Command: mkdir /var/lock
Command: mkdir /var/empty
Command: ifconfig lo 127.0.0.1
Command: route add -net 127.0.0.0 netmask 255.0.0.0 lo
Command: cat /etc/motd

Welcome to
/o
S I T I
FEEETIEE NFTENY Y/
O T T I I I I VA
\ N N NAY

For further information check:
http://www.uclinux.org/

Execution Finished, Exiting

Sash command shell (version 1.1.1)

29 24, uClinux 9 dA %

Fig. 24. uClinux booting message

» eut: SHITHEDE

Command: mkdir /var/log 37'
Command: mkdir /var/run

Command: mkdir /var/iock

Command: mkdir /var/empty

Command: Ifconflg le 127.0.0.1

Command: route add -net 127.0.0.0 netmask 255.0.0.0 lo
Command: cat /etc/motd

Welcome to

For further information check: |
http://www.ucl lnux.org/

Execution Finished, Exlting

?ash command shell (version 1.1.1)
>

a9 25 uClinux ¥ 349
Fig. 25. uClinux booting screen

39 262 2527t #9E of Target Al &4 Fo
24, Frame Buffer, Touch Panel, 125 tiu}o]~ =g}lo]ns}
Ade] F5E 9 Y5 wArAolt B dAFdM FHI
tjulel =EtolHEL FEAE HYE ¥ BZEE 52 A
dol Aaste Rol ofz AdE AU & ), gnjo]x =
gtolH= o] L ¥ o] FAxd A

5 Fest  GOlHEOIL
IR BIE AN MO aaD E8¥E
e 8 09 &
TCP bind hash table entries: 1024 (order: 0, 4096 bytes) &
TCP: Hash tables conflgured (establtshed 1024 bind 1024)
TCP reno registered
NET: Reglstered protocol family 1t
o scheduter noonlfegistered

FBO. sisfh frame bufler device for SLS YGA
FBO 800

Registered SLS Touch Panet conrra|ter(TPc) with 240 Major Number
sis.i2s registered

s|s st robe of sis i?s falled with error t

rg = &) is a Altera UART

%
console [ttysol enabled
sis_sd_dev_setup :Major number 3 was ok
TCP cubic registered
NET: Registered protoce! family 17
Freeing unused kernet memory: 892k freed (0x184000 - 0x272000)
Shelv lnvokeu ko run file:r Jetc/re

wwwwwwwww WW,,I &?'
3% 26. Frame Buffer, Touch Panel, 125 74

& A=A

Fig. 26. Frame buffer, touch panel, I2S kernel

registration message

522. NFS vl#E
JPEG =97 MP3 #d & FF37] H8 ojldug 843}
81, NFS(Network File System)& vl ES 7] 98 ohem
Zol AdE dAs, gA A" & Feold 3 4
Pt |
<Ad 43>
File Systems ——>
{*] Network File Systems ——>
[+] NFS client support
[*] NFS client support for NFS version 3
<Tarket system Z& %>
/> ifconfig eth0 203.253.180.101
/> mount -t nfs -n -o nolock,rsize=1024,
wsize=1024 203.253.180.74:/home/nfs /mnt
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DRE KA LA IO Ded Eawh

o1 1 {version 7.7y
config otho 203 553, 180 10

W HAE Fx7F E&4d &89
S A <Tarket system £& %>
: T:ur);:l—\ RES -n =0 No1oCK. rS126=1024, 51 26=1024 208.253.160.74: /Mome/nfs fant /> touchpanel &
18 (5]

/> SLS TPC tesing...

Touch LCD Area ((300,200),(500,280)) to terminate
application

X co-ordinate=562,Y co-ordinate=217 ,Pen state =1

RN 1 X co-ordinate=562,Y co-ordinate=217 ,Pen state =0

1% 27. NFS "+E D St

ORE BEE 200 28O ] SERG

Fig. 27. NFS mount 0% 48 08 &

co-ordlnate=252,
2

co-ordinate=236 ,Pen state =1 -
co-ordinate=236 ,Pen state =1
co-ordlnate=238 ,Pen state =1
co-ordinate=236 ,Pen state =t
co-ordinate=236 ,Pen state =1
co-ordinate=236 ,Pen state =1
co-ordinate=236 ,Pen state =
co-ordinate=236 ,Pen gtate =0

5.2.3. Frame Buffer §|2=E
Frame Buffer Tiulo]x =alolHE g AESY] 93
% 2ol Kemel@ 4332, A A=9ef 2 FolA fafourore

S, Al -;53 ‘8,—1:]» Touch LCD Area (?366‘200).(500.280)) to terminate application
= =a LT X co-ordinate=252,Y co-ordinate=236 ,Pen state =1

X XK X X = X X|
7
L cxeel

co—ordlnaxe-esz

o
i

ot do

X co-ordinate=252.Y co-ordinate=236 ,Pen state =0

<Ad AA> e e e e g

Miscellaneous Applications —> L AL AR

—--Video tools 1% 29. Touch panel ©vlelx =z}oly]
[+] JPEG Viewer Ae st
<Tarket system Z& %> Fig. 29. Execute screen of touch panel device
/mnt> jpegview -S1 -f 1.jpg driver
SLS_VGA Driver is opened
read 1jpg OK 525. 128 tnlo]l A~ =gloln] HAE
- ! S dulolx mEelWE HXES Y] 8 tgi Zo
e o ~ - ' Kemel% 4733, Bl A2de £% oA =5yg 43
AT i Eiaz)
Z’;ZZTLZLZ"QQZ?TQTZ;LZZ;’. <Ad 43>
;;;,“m:j:j ’i’ Miscellaneous Applications -->
N ) --Audio tools
[*] MP3Play

<Tarket system 2% #>
/mnt> mp3play 1.mp3
SLS'mpa_ctrl.stream_buffer_size=2048
1.mp3: MPEGI1-HI (179766 ms)
Bit rate = 0x20
{melon]005.. 4812 = .- so hot. .

< sl - it 2

BRE IO 20 WO B S8V

O n 3 HH &

gfgb mp3pl?y -v 1.mp: ‘o ~ &
14 28 Frame Butler 534 Sl e
Fig. 28. Test operation of frame buffer Docoding! Channalscs Ouallty=d gréqug;g:ﬁ%owz
Title: [relon]005. RC{H 4. -.50 hot,
Moot
524. Touch Panel tjulo]x =iloju] gxE tonments:
Touch Panel tlrjo}~ =glo|HE HAESIY] 93] &3 Bit rare = 0x20 O
- [melon]005. RCI@A.-.s0 hot. ..
2ol Kemel¢ 4332, B4 Az9e 22 Fod 93 A
A, | =
N 54701 KB BM 118200 601 o T h Tt UM T
<Ad 43> ,
Miscellaneous Applications ——> a9 30. MP3Play & ©]-&3% 125 tlulejx
[*] touch panel Zgoly HE

touchpanel applicationg 2 33}31, LCD screen $E EHA S} Fig. 30. Test of I2S device driver using MP3Play
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A - ARFA T & FopllA Yut= Alxdo] g
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AR AAR Uk oA dut= Al2dex g 7%
& AFda, A4 BFE folst d7] Hstd dHdE A
298 AR Bol M AHEHT Qo

2 dFdXe 271 FYuet ol A (License)e] H-go]
R, &= 2= A2 A AA FEHS LR s} A
e n on, Be A =ewrt AFsHe uClinxE
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Fradstn Aggdol HolvbAw, A=) dA Fde] oy
- Hoz HA FEo gid A7/ A BasHm A
3=

B =fdAe #5229 F33% Altera Nios I gHit=
Z2AA A2dE o] gt HEH o o] HHEHoZ
20|31, 7t% 8857t ¥2 Touch Paneld TFT-LCDE A}
£3}7] 918 Touch Panel® Frame Buffer tlulojx =a}oln]
2 7asgom, Audio Codec AoJE I3 125 Yupol& =
ZolHE TR} HA IS HAES N
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